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Preface

Obesity is currently regarded as one of the major health challenges of the devel-
oped world. Excess body weight is an important risk factor for morbidity and mor-
tality from cardiovascular diseases, diabetes, cancer, musculoskeletal disorders, 
and even psychiatric concerns. Obesity is estimated to cause nearly three mil-
lion deaths per year worldwide. Several epidemiological studies in the past two 
decades have shown that adiposity, as measured by body-mass index (BMI), has 
increased in many populations and it has been argued that this could reverse life-
expectancy gains in high-income nations. Unlike many other conditions, obesity is 
hard to define quantitatively. BMI, the most commonly used measure of obesity, 
fails to actually measure the amount and distribution of fat mass, the crucial factor 
for the risk of developing some of the obesity-related comorbidities. High-quality 
studies point out that patients classified as simply overweight according to BMI 
are in fact obese when we take into consideration the actual measure of fat mass 
by air plethysmography. Also, obesity is not necessarily associated with comor-
bidities: there are indeed metabolically healthy obese individuals. Thus, we need 
to consider separately individuals presenting simple obesity from those at risk of 
developing or who have already developed complex clinical situations potentially 
leading to disability. Comorbidities can tip the balance of independence in patients 
who already have functional limitations mainly due to the excess of mass itself 
(reduced tolerance to effort, reduced muscle strength and power, reduced balance, 
sleep apnoea) or who develop conditions where an abnormal metabolism of adi-
pose tissue prevails (diabetes, cardiovascular conditions, nonalcoholic fatty liver 
disease). Those patients, like others suffering from chronic conditions character-
ized by relapses and sudden precipitation of the clinical-functional picture (i.e., 
neurodegenerative and rheumatic conditions), may enter phases of disability, 
which require a “here and now” multidisciplinary approach to avoid or minimize 
the progressive worsening of obesity, its comorbidities, and ultimately, disability.

Morbid obesity with comorbidities leading to disability represents the real 
social and economic burden for the National Health Systems worldwide. Also, the 
presence of multiple and associated comorbidities often represents an obstacle to 
being admitted to clinical settings for the treatment of metabolic diseases. On the 
other hand, clinical units with optimal standards for the treatment of pathological 
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conditions in normal-weight patients are often structurally and technologically 
inadequate for the care of patients with extreme obesity. The evaluation and treat-
ment of patients with disabling obesity requires clinical facilities where these 
complex patients can be treated with appropriate therapeutic and rehabilitative 
protocols carried out by specially trained operators and within an environment, 
which is ergonomically adequate and safe for both patients and staff alike.

Given the magnitude of the problem, it is not surprising that thousands of books 
have been published on the epidemiological, genetic, molecular, pathophysiologi-
cal, and obviously therapeutic aspects of obesity. The aim of this book is to focus 
on the pathophysiological and rehabilitative aspects of disabling obesity, highlight-
ing multidisciplinary rehabilitation interventions as key to counteracting the disa-
bling aspects of complicated obesity. After an overview of the current knowledge 
of epidemiology and of genetic and environmental determinants of obesity, the 
first chapters intend to define the general features of obesity-related disability and 
how it can be measured. The final chapters will deal with the most advanced treat-
ment protocols for the related specific clinical conditions and the existing evidence 
of effectiveness.

We do hope that this book will help to spread seminal ideas about the relevance 
of creating clinical units adequately equipped to face the various clinical pictures 
of disabling obesity and provide a whole range of intensities of rehabilitation care, 
from intensive in-patient interventions to the planning of long-term out-patient 
treatments. At present, we are very aware that obesity cannot be cured, but espe-
cially because of that, we should target our efforts on preventing the progression 
of the disease, its comorbidities, and the related disability.

Gerold Stucki
Paolo Capodaglio

Antonio Liuzzi
Joel Faintuch
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Abstract  Obesity is a pathological condition characterized by an excess of body 
fat. Both environmental and biological factors have been considered to explain the 
worldwide diffusion of the obese phenotype. Most likely, the abnormal accumu-
lation of body fat can be seen as a complex interaction between the two factors. 
In particular, several studies have focused on the hypothalamic mechanisms con-
trolling food intake and energy expenditure; extensive genetic investigations have 
demonstrated a low but appreciable percentage of obese patients bearing a sin-
gle gene mutation underlying the clinical picture. Moreover, Genome-wide asso-
ciation studies have shown a relevant number of loci bearing Single Nucleotide 
Polymorphisms that increase obesity susceptibility by interacting with environmen-
tal conditions. Obesity is now considered as a social health problem since excess 
of fat per se or through complex metabolic activities of adipocytes may allow the 
development of several chronic comorbidities such as type 2 diabetes, cardiovas-
cular disease, liver steatosis potentially evolving to cirrhosis and sleep apnea. As a 
consequence, obesity must be considered a serious disease leading to poor quality 
of life and, potentially, severe disability.

1.1 � Introduction

Obesity is a clinical condition, or a disease, whose prevalence sharply increased 
in the last decades in western countries and, later on, worldwide. Dramatically, 
obesity has been defined as a pandemia and as one of the major health problems 

Chapter 1
An Up-to-Date Vision on the Aetiology  
and on the Epidemiology of Obesity  
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of the western countries. Although prevention of obesity is prospectively very 
important, everyday we have to face the problem of the patients who are now 
obese, since the incidence of obesity-related diseases is increasing in both adults 
and children (Yanovski and Yanovski JA 2011). The metabolic consequences of 
fat excess such as non-alcoholic fatty liver disease, type 2 diabetes, hypertension 
are already present in obese children and are associated with even more severe 
health consequences in adulthood. From a clinical point of view, the challenge is 
not to prevent obesity but rather the progression the disabilities already present. 
However, whether obesity may be disabling per se or only when associated to spe-
cific pathologies is still lively debated. In the US, obesity has been listed among 
the disabling conditions up to 1999. Thereafter, Social Security decided to con-
sider the effects of obesity under other listed impairments such as respiratory, car-
diovascular, and joint diseases. Nowadays, in the US an obese subject weighing 
200 kg is not considered disabled unless other pathological conditions are associ-
ated (Lutkenhaus http://www.geraldlutkenhaus.com).

The aim of this chapter is to provide an up-to-date vision of the evidence 
regarding the relevance of environmental, genetic, and epigenetic factors in deter-
mining the prevalence of subjects with an excess body fat. Particular attention will 
be paid to the factors leading to disabling obesity. Obesity is a too generic term 
that includes patients with Body Mass Index (BMI) only slightly over 30 as well 
as individuals with a BMI of 60 or over who obviously have different problems 
and need specific approaches to their social and clinical problems. Actually, not all 
obese people develop comorbidities, which may be related to different metabolic 
activities of fat tissue compartments rather than to the mere body fat amount.

1.2 � Aetiology

The regulation of energy balance is a very complex mechanism only partially clar-
ified. Energy stores as fat mass are kept relatively constant in normal subjects by 
systems controlling both food intake and energy expenditure.

The main regulatory centres are located in the hypothalamus where specific neu-
rons integrate afferent long-term and short-term signals of energy status conducted by 
nervous or hematic pathways and respond with signals to key regulatory sites. These 
include the anterior and posterior pituitary gland, the cerebral cortex, premotor and 
motor neurons in the brainstem and spinal cord, and autonomic (parasympathetic and 
sympathetic) preganglionic neurons. Briefly, leptin produced by adipocytes and other 
peptides such as CCK, GLP1 send to the hypothalamus inhibitory signals on food 
intake, whereas other gastrointestinal peptides such as ghrelin trigger sensation of 
hunger. Leptin is the most important hormone in long-term regulation of energy 
stores. When fat mass increases, secretion of leptin is also increased and, in the nor-
mal subjects, this leads to decreased food intake. Neuropeptides produced by specific 
hypothalamic nuclei react to peripheral stimuli: in particular the melanocortin family, 
derived by the cleavage of proopiomelanocortin, acts on specific receptors that 

http://www.geraldlutkenhaus.com
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modulate caloric intake. Other neuropeptides such as Agouti (Joly-Amado et al. 2012) 
may control the relative balance between lipids and carbohydrate metabolism acting 
on the autonomic output of liver, muscle and pancreas. Whereas hypothalamus is the 
site of homeostatic control, the rewarding mechanisms involved in food intake are 
located in the amygdala. The frontal cortex has been identified as the voluntary con-
troller of the whole system. Overall, the integrated action of these centres results in 
endocrine, behavioural, and autonomic responses influencing energy balance. 
Although derangements of these mechanisms in obesity are still partially uncleared, 
genetic and functional studies have provided information on some differences 
between normal and obese. In particular, functional magnetic resonance and positron 
emission tomography evidenced peculiarities in the activation of frontal cortex, amyg-
dala and hypothalamus obese subjects (Le et al. 2006; Del Parigi et al. 2005). Due to 
the complexity of the mechanisms involved, it is not surprising that the nosographic 
identity of obesity is still under discussion. This condition is defined as a disease by 
the World Health Organisation (WHO) but its specific etiologic agents have not been 
identified yet. An epidemiologic and a biology models have been suggested to explain 
the worldwide prevalence of obesity. According to the first one obese, as people 
affected by an infectious disease, are healthy but live into an obesogenic environment 
(Swinburn et al. 1999): abundance of food, poor physical activity, chemicals, some 
adenoviruses would determine a pathological increase of fat tissue. In this model, the 
sociocultural influences are stressed. Obese people are often considered guilty and 
laws acting on food industry and on the single patient are necessary in order to control 
this phenomenon. Diseases derived from obesity should not be covered by medical 
insurance, whereas patients have to be rewarded when they loose weight and pun-
ished by laws when they do not. In the second model, obesity is a medical problem to 
be approached by a biological point of view evaluating all the possible mechanisms 
that lead the single individual to accumulate an excessive fat amount. In the last years, 
scientific research has evidenced a relevant number of genetic, neuroendocrine and 
metabolic alterations in obese patients so that the biological basis of obesity cannot be 
denied. It seems obvious the definition of obesity as the percentage of fat tissue 
exceeding normality. However, the upper limit of normality of this parameter is at 
present poorly defined due to the lack of large population studies employing reliable 
methods to measure the actual quantity of fat tissue. BMI, the ratio between weight 
and height, does not measure fat stores and its limit of 30 to separate overweight from 
obese individual is only a statistical value over which the risk of cardiovascular dis-
ease and mortality increases. The conceptual value of this index has been challenged 
by studies showing that patients classified as overweight by BMI are actually obese if 
fat mass is measured by reliable methods as air plethysmography (Gomez-Ambrosi  
et al. 2012). Moreover, adipose tissue is functionally heterogenous so that conse-
quences of obesity may be quite different if visceral or gluteo femoral adipose tissue 
is increased. The first one is dangerous since it synthesizes cytokines involved in the 
development of insulin resistance. In contrast, the second one is even protective for 
the cardiovascular diseases risk since it sequestrates the excess of triglycerides pre-
venting the phenomenon of lipotoxicity i.e., the deposition of ectopic fat into visceral 
organs such heart, liver, muscles (Manolopoulos et al. 2010). These differences have 
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an impact on the kind of disabilities associated to obesity and probably reflect differ-
ent evolutionary pattern. Gluteo-femoral fat is a compartment with a slow turnover, 
relevant in conditions as pregnancy, lactation or famines. The visceral compartment 
reflects the need for a fast energy availability in stressful events as war or hunting. The 
meaning of obesity in the evolution of our species is still largely speculative: is it a 
genetic advantage, an extreme of normality, or a pathology? Nowadays we are wor-
ried because the obesity phenotype has an increased prevalence and seems harmful 
for health; however, the obesogenic environment derives from the success of the 
human species in the long way aiming to reduce physical effort and increase food 
availability. Humans have been able to expand and prevail over the other species just 
due to favorable genetic mutations such as erect position and brain development. 
Moreover, mankind has developed evolutionary traits toward palatable and fatty foods 
to be consumed in community (Krebs 2009). Obesity may be a condition entirely 
genetically determined by selection of individuals capable of providing food by hunt-
ing and agriculture, with the least energy expenditure (wheel, plow) and of storing 
energy as fat. Thus, it could be reasonable to consider also the obesogenic environ-
ment as a result of the pressure of genetic factors. It is unlikely that interventions on 
populations aimed at inducing generic changes of the so called “life-style” may obtain 
relevant results since it would be necessary to radically change the environment we 
have built. What is reasonable to do is to investigate why individuals become obese 
and, once obesity is established, take the best care of them by changing their life-style 
and finding effective drugs and surgery techniques. Attention to risk factors is particu-
larly relevant in childhood to effectively prevent adult obesity. More important is to 
prevent that obese develop pathological conditions leading to disabilities and, if these 
are already present, to slow down their worsening or induce their regression. 
According to the evolutionist medicine (Nesse et al. 2010) the cause of a disease 
under study should be searched in the story of the species. If this is true, which would 
be the story of the obese phenotype and the reasons of its expansion? The explosion 
of the obese phenotype may most probably origin from an interaction between 
genetic and environment factors with a different time pattern: environment changes 
developed in a shorter period not allowing genetic changes to select individuals capa-
ble of compensating for the aggressions of an environment that provides more calo-
ries with poor energetic expense. On the other hand, not all people living in an 
obesogenic environment become obese and it is logical to consider the impact of bio-
logical factors most probably deriving from genetics. The present problem of obesity 
may be better understood in relation to the evolution of mankind by considering the 
obesogenic environment and the genetic milieu.

1.2.1 � The Obesogenic Environment

The obese phenotype is already present in the history of mankind in the Homo 
erectus age, about 500,000 years ago (Haslam and Rigby 2010), in the female sex, 
probably as symbol of fertility and abundance. Most likely, only women could 
become obese due to their sedentary task and breeding of children, whereas men 
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had to go far for hunting. Thus, in the female sex one could already envisage the 
origins of the big two factors, the reduction of physical activity and increased food 
intake. Agriculture, the event that several anthropologists define the biggest mis-
take of the mankind developed about 15,000 years ago. This activity determined 
the aggregation of people in groups capable of providing stable sources of food 
deriving from both earth and animals. They were fatter than their ancestors, being 
used to consume food derived from milk and rich of saturated fats. The present 
obesogenic environment is only a degenerative aspect of our evolution and is one 
of the factors that have allowed our species to prevail over the other animals. Only 
more recently (Haslam and Rigby 2010), single patients with extreme obesity have 
been described as expression of a pathological conditions.

The mechanisms through which the big two factors lead to the development of 
obesity are still matter of debate. As an example, the time spent watching television 
seems to be associated with obesity in children (Robinson 2001), but, surprisingly, 
this is not linked to greater inactive time (Jackson et al. 2009). Rather, the contribu-
tion of watching TV to obesity may be due to either snack food consuming while 
watching, or to adverts prompting food intake after TV watching. Other studies how-
ever have found that increased time spent in passive leisure activities is a risk marker 
for obesity in the general population (Shuval et al. 2012). Recently, the importance 
of sugar rich beverages in US has been matter of debate (Clinical decision 2012). 
Furthermore, other factors such as reduction of sleeping hours or quitting smoke 
have emerged as possible contributors to the development of the obese phenotype 
(Keith et al. 2006). Chemicals agents defined as endocrine disruptors have been 
found to interfere with metabolic processes, thus favouring obesity. The organotin 
tributyltin, through high-affinity nuclear hormone receptor-mediated mechanism, 
affects adipocyte biology and promote long-term obesogenic changes. Other sus-
pected obesogenic ligands have been identified. The excretion of Bisphenols, widely 
used in the plastic containers, has been reported to correlate with BMI (Grun 2010). 
Studies showing differences in gut bacteria of obese and lean subjects have appeared 
only during the last decade (Clarke et al. 2012). However, the association with obe-
sity remains controversial because these differences are not always observed and 
it is also unclear whether they are secondary to or causative of obesity. It is widely 
acknowledged that stress levels are elevated in modern society and may contribute to 
weight gain. Isolating an effect of stress on obesity, however, is complicated because 
the manner in which we respond to stress seems to differ in relationship to social sta-
tus (Moore and Cunningham 2012). In a recent editorial on the New England Journal 
of Medicine “The Weight of the Nation,” the authors (Colleen et al. 2012) claim that 
“the obesity epidemic has been driven by structural changes in our environment, 
rather than by the reductionist view that the cause is poor decision making by indi-
viduals”. The paper provides evidence that the obesity epidemic has been driven 
by a complex interaction of changing factors in several critical environments rather 
than by individual choices. However, only 18 % of Americans identify external fac-
tors as the main cause of childhood obesity, whereas 64 % identify personal factors 
(overeating, lack of exercise, and watching too much television) as the principal 
determinants. This view seems reasonable since the obesogenic environment is not 
an unforeseeable event of the modern age but it has been constructed over centuries 
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of human evolution aiming at providing food at lesser effort. Early recognition of 
subjects at risk and prevention of progression from simple weight excess to obesity 
should be our goal, but, at the same time, this should not imply to avoid efforts to 
change the obesogenic environment and indeed some success has been obtained 
(Flegal et al. 2010).

Obesity is an individual problem; it is not a fault but everybody should not 
attribute to the society the reasons for his overweight and should face his own 
problem referring for help to physician and other reliable institutions. To loose fat 
and not only weight is a difficult task since individual genetic, epigenetic, psycho-
logical, and metabolic oppose to reverse obesity.

1.3 � The Obese Individual

1.3.1 � Genetics

The theory that environment is the only cause of obesity raises the obvious objec-
tion that not all the individuals living in an obesogenic environment accumulate 
fat. Even recognizing a substantial relevance to the obesogenic environment, the 
individual characteristics derived by parental influences cannot be disregarded. 
There is now compelling evidence that genetic factors, mainly acting through 
mechanisms controlling food intake, play a key role in determining body weight. 
A variable amount of fat has been a characteristic of the human species for thou-
sands of years. Recently obesity-associated genes, as TMEM 18, were present 
already in species dissociated from Homo species 160 million years ago (Almen 
et al. 2010). Heritability studies show a marked genetic contribution and twin stud-
ies show an elevate concordance (66 %) rate in BMI between identical twins. BMI 
of adopted twins is associated with the BMI of the biological parents but not with 
that of the adoptive ones (Phan-Hug et al. 2012). Since obesity is a complex dis-
order with the contribution of non-genetic factors, estimates of heritability may 
be difficult although the evidence of obesity linked only to a single gene muta-
tion show that Mendelian influences do exist. In the following paragraphs, we 
first review those forms of obesity where the clinical and metabolic phenotype 
is entirely due to a single gene mutation. These forms involve disruption of CNS 
function in particular in the hypothalamus, where signals coming from periphery 
are integrated and generate metabolic responses.

1.3.2 � Monogenic Obesity

Monogenic forms of obesity are relatively infrequent but of great pathophysiologi-
cal relevance since they have allowed to clarify several neuroendocrine mecha-
nisms leading to weight gain (Phan-Hug et al. 2012).
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Leptin is a peptide with hormonal activity produced by adipocytes in pro-
portion to fat mass. Leptin signals to the hypothalamus the level of energy stor-
age so that elevated levels of leptin induce decreased food intake and viceversa. 
Unexpectedly, for not fully explained reasons, obese patients have elevated circu-
lating leptin levels due to a resistance to the hormone effects. Genetic leptin defi-
ciency is a very rare cause of severe early-onset obesity. Patients with congenital 
leptin deficiency present with normal birth weight, severe early-onset hyperphagia 
from the first months of life, impaired satiety and, when food is denied, aggres-
sive behaviour. Motor and cognitive development is normal. Pubertal delay, signs 
of hypothyroidism, reduced growth hormone secretion and immunodeficiency 
are also characteristic and point to neuroendocrine dysfunction. These patients 
respond very well to exogenous leptin administration.

Autosomal recessive loss-of-function mutations in the leptin receptor gene are 
rare. They have been first reported in three obese subjects from a Kabilian consan-
guineous family and subsequently in other five unrelated subjects. The presence 
of the mutant receptor causes high leptin serum levels but not appreciably differ-
ent from those present in common obesity phenotypic similarities with the LEP-
deficient subjects were noticed. In particular, LEPR deficient subjects exhibit rapid 
weight gain in the first few months of life, severe hyperphagia and several endo-
crine dysfunctions: hypogonadotropic hypogonadism, impaired somatotrophic or 
thyrotropic secretion. Body composition obviously shows a large amount of fat 
mass whereas energy expenditure is normal (Phan-Hug et al. 2012).

Pro-opiomelanocortin (POMC) is a precursor peptide whose products include 
ACTH and the melanocortin family. Autosomal recessive loss-of-function muta-
tions in POMC, which are extremely rare, are associated with a clinical picture 
of early-onset obesity and ACTH-deficiency. Other symptoms may include hypo 
pigmentation of the skin, red hair and hyperinsulinemia. Heterozygous carriers 
of loss-of-function mutations have a mild phenotype and quite often obesity is 
present.

Autosomal recessive null mutations of pro-hormone convertase 1 are respon-
sible for severe early-onset obesity, ACTH-deficiency, postprandial hypoglycae-
mia due to elevated proinsulin levels and hypogonadotropic hypogonadism due to 
GnRH-deficiency.

Melanocortin four Receptor mutations are the most frequent known monogenic 
forms of severe obesity being found in up to 6  % of children with early-onset 
obesity (Farooqi 2008). These mutations are characterized by either dominant or 
recessive mode of inheritance. The first is less frequent and more severe Patients 
bearing these mutations present with hyperphagia, severe hyperinsulinemia and 
accelerated linear growth. These findings may be related to the role of MC4R in 
the regulation of growth hormone resulting in increased GHRH levels. Mutations 
of MCR3 receptors have been found in patients with high metabolic efficiency but 
their role as cause of monogenic obesity is still unclear (Mencarelli et al. 2011).

Intellectual disabilities or significant learning difficulties are common fea-
tures in childhood-onset obesity. This suggests that mutations in genes disrupting 
neuro development are often non-specific and may also affect circuitry involved 
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in food intake regulation. Deletions of SIM1 and BDNF have been associated to 
early obesity. SIM1 encodes a transcription factor involved in the hypothalamic 
development. SIM1 expressing neurons are responsible for the production of neu-
ropeptides such as oxytocin, vasopressin, CRH, TRH and somatostatin. Deletions 
of SIM1 have been reported in association with early-onset obesity, developmental 
delay and increased linear growth (Phan-Hug et al. 2012).

Brain-derived nerve growth factor is a neurotrophin playing an important role 
in regulating food intake. Mutations that cause haploinsufficiency of BDNF as 
well as some genetic variants, notably the BDNF p.Val66Met polymorphism, are 
also associated with the development of obese phenotype and hyperphagia (Rosas-
Vargas et al. 2011).

In spite of the increasing knowledge on monogenic obesity, the majority of 
patients with early-onset and severe obesity remain without an etiological diagno-
sis as the causal gene has not been identified yet.

1.3.3 � Genome-Wide Association Studies

A genome-wide association study (GWAS) is a case control study that compares 
the frequencies of common genetic variants in a group of affected individuals and 
in a group of healthy controls (Jeffrey et al. 2012). Thousands up to millions of 
single nucleotide polymorphisms (SNPs) are simultaneously genotyped to identify 
the SNPs with a significant higher frequency in cases than in controls. These SNPs 
are marker of a region of the human genome which may increase the patient sus-
ceptibility for the disease. In contrast to previous methodologies which specifically 
evaluated few genetic regions, a GWAS investigates the entire genome. Differently 
from the candidate-gene approach, this approach is therefore hypothesis-free. 
GWA studies identify SNPs and other DNA variants that are associated with a dis-
ease, but cannot, on their own, specify which are the causal genes. Genome-wide 
association studies are based on a discovery stage in which SNPs that show sig-
nificant different allelic frequencies from controls are identified and a replication 
stage that validates the association observed in different populations (Loos 2012).

In the GWAS for obesity, 32 loci have been identified as associated with the 
obese phenotype (Jeffrey et al. 2012). Traits examined so far include BMI, waist 
circumference, waist-to-hip ratio (WHR), body fat percentage, and extreme and 
early-onset obesity. However, these loci have only small effects on obesity-sus-
ceptibility and explain just a fraction of the total variance. Thus, they are poorly 
predictive of obesity. The firstly identified locus, FTO, has the largest effect on 
obesity-susceptibility with each FTO risk allele increasing BMI by an average 
0.39 kg/m2 (equivalent to 100 g for a person 1.70 m tall) and obesity risk by 1.20 
fold (Loos 2012). FTO was the most easily identified locus as not only its effect 
size is largest, but also the frequency of the BMI-increasing allele is high in white 
Europeans (i.e. 46  %). Out of the 32 loci associated with BM, the FTO locus 
explains most of the inter-individual variation.
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1.3.4 � Genetic and Evolution

To explain the genetic reasons for the high prevalence of obesity in modern age, 
different hypotheses have been formulated. The hypothesis still most popular 
is called thrifty genotype. It is based on the ability of some individuals to store 
energy as fat during periods of food abundance and to be more resistant during 
famine (Neel 1998). Since energetic stores are essential for survival and reproduc-
tion, the ability to store energy as fat has constituted a selective advantage during 
hundred of years. The thrifty genotype has allowed to compensate the variability 
of food availability with accumulation of fat. These selective mechanisms may 
have evolved more than 150,000–200,000 years ago. In the modern era, the trans-
mission of this genetic panel in presence of a constant abundance of energetic food 
may have determined the diffusion of the obese phenotype. This attractive hypoth-
esis has been challenged by mathematical models (Speakman 2008). If famines 
would have started at the origins of Homo species, to day we should be all obese. 
Considering shorter periods i.e., 12,000  years, mortality levels estimated during 
famines cannot give a selective strength capable of diffusing the thrifty genotype 
in nearly 30 % of population. It should be noted, however, that this high percent-
age refers to USA. In Italy, for example, only 10 % of the population has a BMI 
over 30 (D’Amicis et al. 2011).

Another potential factor to determine obesity increase has been proposed 
(Johnson et al. 2010). Fructose, unlike glucose, is able to increase triglyceride syn-
thesis and fat deposition, an effect counteracted by Vitamin C. A mutation of L 
Gulono-oxydase occurred in the late eocene made humans unable to synthesize 
vitamin C. Since fructose was the most important nutrient in the fruits that were 
the main energetic source, this mutation could have favoured fat deposition. In our 
society fructose consumption is greatly increased whereas that of Vitamin C rich 
fruits is reduced thus favouring the effect of fructose on fat deposition.

A complementary hypothesis takes into consideration a selective pressure 
exerted by fertility rather than by vitality since fertility, in relatively short times, 
can bring about more rapid changes in species evolution. Actually, pituitary 
gonadal axis is extremely sensitive to signal on the nutritional status sent by fat 
stores through leptin. Thus, the thrifty genotype may have acted on the reproduc-
tive ability rather than on survival (Prentice et al. 2008).

Infectious diseases determine a relevant energetic stress due to the requirement 
of new protein synthesis as immunoglobulins and the necessity to face phlogosis 
and fever. In addition, lipolytic hormones such as cortisol, glucagon and catecho-
lamines are released from fat tissue to provide energy. Leptin may represent the 
link between fat and immune functions as it has been demonstrated that leptin-
deficient animals are more prone to infections. It is thus possible during famines 
people with more abundant fat tissue were more likely to survive favouring the 
transmission of genes associated with obesity (Prentice et al. 2008).

These hypotheses on the transmission of obesity are based on the concept that 
during the evolution of homo species a positive pressure on genes favouring the 
deposition of fat as energy storage, fertility or resistance to infections has played 
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a major role. According to the alternative hypothesis of the drifty genotype, genes 
favouring obesity have been free to express as random drift when limiting condi-
tions as predation have been compensated by protective social structure. In this 
situation, random mutations occur in the genes and the frequencies of these mutant 
alleles drift at random. These genes may then be called ‘drifty genes’, and, due 
to their influence, some of us are “unfortunate” in the genetic lottery and inherit 
a predisposition to conditions that in our modern society have such devastating 
effects” (Speakman et al. 2008).

1.4 � Thrifty Phenotype: Epigenetic

Epigenetic has offered new perspectives to the understanding of the evolution of 
obese phenotype in the human species. At least some of the ‘genetic’ variation 
in obesity might actually reflect epigenetic effects that is, effects that are pro-
grammed by early-life experiences. Epigenetic in some way recall the Lamarck 
theories that adaptive characters may be transmitted within few generations and 
not during thousand of years by mean of selective mutations according with 
Darwin. Epigenetic may be defined (Dupont et al. 2009) as the study of changes in 
gene function that can be transmitted by meiosis or mitosis without affecting DNA 
sequence. DNA hypermethylation or small fragments of RNA called microRNA 
may be responsible for these epigenetic effects.

These effects were first observed by studies showing that low birth weight 
children had an increased risk for non-communicable diseases in later life (Hales  
et al. 1991). The effect of in utero nutrition on subsequent disease risk was shown 
by elegant follow-up studies of children conceived or born during periods of the 
Second World War. Risk of diabetes was again linked with low birth weight and 
famine exposure during the period in utero, however fatal undernutrition proved 
to be a less significant risk for obesity development in adult life than fatal over-
nutrition (Zhang et al. 2011). This suggests that, adult obesity might be partly 
attributed to factors acting on mothers or grand mother of the affected individuals 
when they were pregnant or breastfeeding. Actually, there are some evidences that 
the heritability of the acquired traits may be transmitted for more generations but 
the relevance of epigenetic mechanisms for the diffusion of obese phenotype still 
needs to be clarified. It may be of interest the study (Wang et al. 2010) showing 
differences in DNA methylation between lean and obese children.

1.5 � Epidemiology

The most extensive report on the worldwide obesity epidemiology has appeared 
in The Lancet in 2011 (Finucane et al. 2011) and estimates trends for the mean 
BMI in adults 20 years and older in 199 countries and territories. Between 1980 
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and 2008, mean BMI worldwide increased by 0.4  kg/m2 per decade. National 
BMI change for women ranged from non-significant decreases in 19 countries 
to increases of more than 2.0 kg/m2 per decade in nine. Male BMI increased in 
all but eight countries and by more than 2 kg/m2 per decade in Nauru and Cook 
Islands The USA had the highest BMI among the high-income countries. In 2008, 
an estimated 1.46 billion adults worldwide had BMI of 25  kg/m2 or greater, of 
these 205 million men and 297 million women were obese. Globally, mean BMI 
has increased since 1980 but trends since 198, and mean population BMI in 2008 
varied substantially between nations (Finucane et al. 2011).

Some recent studies have also suggested that USA obesity rates are continuing 
to increase. Data from the behavioural risk factor surveillance system (BRFSS) of 
the Centres for Disease Control and Prevention showed increases between 2007 and 
2009 in the reported prevalence of obesity among adults (MMWR 2010). Based on 
these data it has been calculated that by 2050 almost all Americans will be over-
weight. Other reports, however, depict a less dramatic scenario. The National 
Health and Nutrition Examination Survey (NHANES) suggests that for men, the 
overall prevalence of obesity shows a significant linear trend over the 12-year 
period from 1999 through 2010. For women, within race/ethnicity groups, the data 
suggest slight increases that were statistically significant for non-Hispanic black 
and Mexican–American women but not significant for women overall. For both 
men and women, estimates for 2009–2010 did not differ significantly from esti-
mates for 2003–2008. The authors conclude (Flegal et al. 2010) that the increases 
in the population prevalence of obesity previously observed may not continue at a 
similar rate, and in fact, the increases appear to be slowing or levelling off. In 2009–
2010, the prevalence of obesity was 35.5 % among adult men and 35.8 % among 
adult women, with no significant change compared with 2003–2008. However, they 
did not find indication that the prevalence of obesity is declining in any group.

International comparisons of BMI and obesity could be biased by methodologi-
cal differences among the studies but they seem to indicate that the phenomenon 
of slowing or levelling trends may not be limited to the United States. Indeed, 
a number of studies in other countries have suggested that trends previously 
observed in the prevalence of obesity may be slowing or not increasing. Data from 
the Health Survey for England (2009) showed that for men the prevalence of obe-
sity was 22.2 % in 2005 and 22.1 % in 2009; comparable figures for women were 
23.0 and 23.9  %. Reports from Sweden, Switzerland and Spain have also sug-
gested a possible degree of levelling. Rokholm et al. (2010) reviewed evidence for 
a levelling off of trends in obesity since 1999 and found mixed results.

Since we know relatively little regarding the causes of the trends previously 
observed, the prediction of the future trends in obesity is uncertain. Several analy-
ses have extrapolated future prevalence of obesity as function of time from these 
models but they assume that the causal factors for obesity will continue to rise 
with time and this assumption may be wrong. If the estimates from the NHANES 
seem most likely to reflect the actual prevalence of obesity in the United States, 
the question is why the prevalence of obesity has stabilized over the last ten at 
least years in US ?



CORRECTED P
ROOF

12 A. Liuzzi and A. M. Di Blasio

An optimistic interpretation is that increasing recognition by community health 
authorities and government organizations of the adverse health effects of obesity 
may lead to interventions able to reduce the so called obesogenic environment. 
More likely, most of the people with strong genetic susceptibility to weight gain 
have already become obese while genetically lean people resist to the aggression 
of the toxic environment. Unfortunately, even if this is true, among the suscep-
tible subjects there are an ever-increasing number of adults with extreme obe-
sity (BMI ≥ 40) who represent the largest part of patients with disabling obesity. 
Indeed, although the rates of obesity have been stabilized also among children and 
adolescents the proportion of very heavy boys (i.e. BMI at or above the 97th per-
centile for their age), continue to increase (Ogden 2010).

Thus, it seems more relevant in the frame of this book to examine the data 
related to the so called morbid obesity potentially leading to disabling obesity. 
Actually, the concept of morbid obesity is poorly defined. It may be defined accord-
ing to Dorland’s Medical Dictionary for Health Consumers (2007) “a condition of 
weighing two or more times the ideal weight; so called because it is associated with 
many serious and life-threatening disorders”. But the ideal weight is a rather philo-
sophic concept without solid data to support it and this definition underlines more 
the presence of any comorbidity rather than obesity per se: not all the comorbidities 
of obesity may lead to disability. For these reasons to collect data on the epidemiol-
ogy of disabling obesity as a single clinical condition is a difficult task.

The evidence that obesity increases mortality from all causes is well supported 
by a large study (Culver et al. 2010) on almost 1  million and half of individu-
als that evaluated subjects who never smoked and excluded of those with seri-
ous disease at baseline. Under these conditions the increase in mortality started 
for classes of BMI between 20 and 25 and had a sharp increase from 40–44.9. 
Although mortality will not necessarily imply a previous disabling pathology these 
data show that fat excess as derived by BMI may be a life threatening condition.

On the other hand, the problem of the so called “obesity paradox” has been 
raised in several papers. It has been observed that the prognosis for several dis-
eases may be better in patients overweight or even with mild obesity suggesting 
that these subjects may be in more favorable conditions due to their energetic 
stores (Kastorini and Panagiotakos 2012). This assumption requires a more careful 
evaluation and a reliable analysis of the actual nutritional status of these patients. 
As reported in an extensive review (Kastorini and Panagiotakos 2012) the major-
ity of the studies examining the role of overweight and obesity on survival have 
evaluated only BMI. However, Oreopoulos et al. (2011) suggested that higher lean 
body mass and lower fat mass, assessed with dual X-ray absorptiometry (DXA), 
were beneficial prognostic factors in heart failure patients, while the use of BMI, 
resulted in a misclassification of body fat in 41 % of the patients. Assessment of 
obesity with the use of waist circumference was associated with an obesity para-
dox in patients with heart failure, but not in renal failure or coronary heart disease 
patients (Kastorini and Panagiotakos 2012).

On the other hand, a consistent percentage of obese are metabolically healthy 
(Blurher 2012) and have a better prognosis for the development of cardiovascular 
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disease but they probably are at risk for problems linked to fat mass excess per se 
such as social stigma, ostearthritis and possibly OSAS.

1.6 � Comorbidities

Comorbidities are the prevalent causes of disability in obesity (Bray 2004). They 
can be divided roughly into three categories: (1) Conditions pathophysiologi-
cally linked to obesity; (2) Pathologic conditions where obesity may act as a risk 
factor; (3) Disease incidentally occurring in obese people but aggravated by the 
presence of the excess of body fat. Often, the distinction between (1) and (2) is 
difficult even for orthopaedic comorbidities, but it may be useful from a clinical 
point of view. Epidemiological data on obesity comorbidities can hardly be found 
and moreover not all obese can be defined as disabled and not all comorbidities 
can lead an obese individual to be classified as disable. On the other hand, obese 
individuals may simultaneously complain of more conditions that may be addic-
tive in determining disability. For these reasons the presence or the level of dis-
ability should be evaluated on an individual basis with appropriate approaches (see 
Chap. 4). In the following paragraphs the main pathological conditions associated 
with obesity will be briefly mentioned taking in account that an extensive examen 
of them will be found in the dedicated chapters.

Obese are stigmatized for their fatness in the school, employment, health care, 
and elsewhere. Obese people referred to a weight management centre had serious 
abnormalities in health-related quality of life (Fontaine et al. 1996) in proportion 
with their BMI and more frequently in female. Intentional weight loss improves 
the quality of life.

Osteoarthritis is probably the most common obesity-associated pathology. In an 
old study (Felson et al. 1998), 33 % of 1,420 obese patients had radiographic evi-
dence of knee osteoarthritis when evaluated over period of observation of about 
30 years in the Framingham heart study. The link between obesity and subsequent 
osteoarthritis was obviously related to the degree of obesity. In more recent stud-
ies, however, the relevance of other metabolic and genetic (Elliot et al. 2012) fac-
tors has been underlined. Thus, it is possible that hormonal factors such as leptin 
or other adipokinin may contribute to the development of the osteoarthritis at 
the level of joints by mechanisms different from those linked to weight load. In 
a study on data collected in the health Survey for England and UK Back exer-
cise and trial data (Lidstone et al. 2006) musculo-skeletal illnesses evaluated in 
a sample of almost 9,000 subjects were responsible for disability in 19 % of the 
individuals but the prevalence increased form 14.6 % in normal weight to 30.3 in 
obese with BMI greater than 35. Obesity often aggregates with obstructive sleep 
apnea syndrome (OSAS) due to upper airway obstruction caused by fat deposi-
tion around the neck, changes in upper airway muscle tone and changes in cen-
tral mechanisms of breathing control. At variance with the general prevalence of 
2–4 %, about 40 % of obese patients and above 90 % in those extremely obese 
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(BMI  >  40  kg/m2) suffer from OSAS (Dopp 2009). Further, in approximately 
90  % of patients with obesity hypoventilation syndrome, the sleep-disordered 
breathing is represented by OSAS (Mokhlesi et al. 2008).

Obese may have a specific cardiomyopathy due to the hemodynamic changes 
linked to excess weight but data on its prevalence cannot be found in the litera-
ture (Poirier et al. 2006) The link between obesity and atherosclerotic vascu-
lar disease is well documented. Prospective studies that have reported follow-up 
data over more than two decades, such as Framingham Heart Study, the Manitoba 
Study, and the Harvard School of Public Health Nurses Study, have documented 
that obesity, mainly if abdominal, is an independent predictor of clinical CHD 
(Bray 2004). Also in the report from the Nurses’ Health Study the risk for U.S. 
Women of developing coronary artery disease is increased 3.3-fold with a BMI 
greater than 29 kg/m2 compared with that in women with a BMI below 21 kg/m2 
(Manson et al. 1995). Weight gain also strongly affects this risk at any initial BMI 
(Meigs et al. 1997).

Most hypertensive patients are overweight or obese. Hypertension is about six 
times more frequent in obese subjects than in lean men and women, in addition 
weight gain particularly in young patients is a relevant risk factor for hyperten-
sion Specific estimates for the prevalence of high blood pressure per age group 
and BMI group are reported by NHANES III.1 Among men, the prevalence of 
high blood pressure increases progressively with increasing BMI, from 15  % at 
a BMI  <  25  kg/m2 to 42  % at a BMI ≥  30  kg/m2. Women show a similar pat-
tern with a prevalence of hypertension ranging from 15 % at a BMI < 25 kg/m2 to 
38 % at a BMI ≥ 30 kg/m2. The increase in blood pressure is more pronounced in 
people with abdominal obesity. In the Swedish Obesity Study, hypertension was 
present at baseline in 44–51  % of the subjects. Key determinant of the weight-
induced increases in blood pressure was a  disproportionate increase in cardiac 
output related to an increase of sympathetic activity (Poirier et al. 2006).

Nonalcoholic fatty liver disease (NAFLD) is the term that describes several 
liver pathologies associated with obesity, including hepatomegaly, elevated liver 
enzymes, and histological pictures ranging from simple steatosis to fibrosis evolu-
tion to cirrhosis. Increased steatosis is characteristic of the livers of overweight indi-
viduals; the accumulation of lipid in the liver suggests that secretion of VLDL in 
response to hyperinsulinemia is inadequate to face the high rate of triglyceride turn-
over. In obese patients, the prevalences of steatosis, steatohepatitis, and cirrhosis 
has been reported to be approximately 75, 20, and 2 %, respectively (Bray 2004).

Cholelithiasis is the primary hepatobiliary pathology associated with over-
weight (Bray 2004). At BMI lower than 24, the incidence of clinically sympto-
matic gallstones was approximately 250/100,000 person-years of follow-up and 
gradually increased for BMI up to 30 and more sharply when BMI exceeded this 
limit. The explanation for this association is mainly due the increased cholesterol 
turnover related to total body fat.

Obesity may also affect the kidney. Glomerulopathy was significantly increased 
in pathological specimens compared with other forms of end-stage renal disease 
(Bray 2004).
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Specific forms of cancer are significantly increased in overweight individuals 
(Bray 2004). Males face increased risk for neoplasms of the colon, rectum, and 
prostate. In women, cancer of the reproductive system and gallbladder is more 
common. One explanation for the increased risk of endometrial cancer in over-
weight women is the increased production of estrogens by adipose cells. This 
increased production is related to the degree of excess body fat that accounts for 
a major source of estrogen production in postmenopausal women. Breast cancer is 
not only related to total body fat, but may also have a more important relationship 
with central body fat. The increased visceral fat measured by computed tomogra-
phy shows an important relationship with the risk of breast cancer.

Although dyslipidemia is not per se cause of disability, it may be important 
in the relationship with the increased risk of heart disease (Bray 2004). A posi-
tive correlation between BMI and triglycerides has been repeatedly demonstrated 
as well as an inverse relationship between HDL and BMI. Waist circumference 
alone as well as waist/hip ratio or sagittal diameter, accounted for most of the vari-
ance in triglycerides and HDL cholesterol. Other lipid abnormalities have been 
described in obesity but it should be noted that a relevant proportion of obese 
paradoxically in the highest levels of BMI have normal lipid profile probably in 
relation to the prevalence of gluteo femoral fat that can contain a large amount of 
triglycerides thus preventing lipotoxicity (Dixon and O’Brien 2006).

Type 2 diabetes mellitus is strongly associated with overweight (Bray 2004). 
The risk of type 2 diabetes mellitus increases with BMI levels, more pro-
nounced visceral fat distribution as well as with the duration of weight excess 
According with the data of Nurses Health Study at a BMI of 35 kg/m2, the rela-
tive risk increased 40-fold. Similar data are reported for the Health Professionals 
Follow-Up Study. At a BMI above 35 kg/m2, the age-adjusted relative risk for dia-
betes in nurses increased to 60.9, or more than 6,000 %. Up to 65 % of cases of 
type 2 diabetes mellitus can be attributed to overweight. For the 11.7 million cases 
of diabetes, overweight may account for two-thirds of diabetic deaths (Bray 2004).

A variety of endocrine changes are associated with obesity (Bray 2004; 
Ålvarez-Castro et al. 2011). Among these, the alterations of gonadal activity in 
both sexes have a clinical relevance in the comorbidities of obese individuals. 
Irregular menses and frequent anovulatory cycles are common, and the rate of fer-
tility may be reduced. The presence of weight gain in polycystic ovary syndrome 
where insulin resistance plays a fundamental role is well known. Men also com-
plain often of reduced libido associated with low testosterone levels and normal/
low gonadotropins levels. A clinical and hormonal picture of functional secondary 
hypogonadism that often is difficult to differentiate from the organic forms.

GH secretion is reduced with increasing BMI but whether this may have a rel-
evance in the pathophysiology of fat deposition is unclear.

Obesity is associated with increased cortisol production rate, which is com-
pensated for by a higher cortisol clearance, resulting in plasma free cortisol lev-
els that do not change when body weight increases (Ålvarez-Castro et al. 2011). 
Aldosterone secretion is correlated to BMI and it can be involved in the patho-
physiology of insulin resistance (Garg and Adler 2012).
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Although obese subjects usually have a normal thyroid function, TSH and BMI 
are known to be positively correlated. In fact, many studies of children, adoles-
cents, and adults have shown slightly increased TSH levels in obese individuals as 
compared to lean subjects (Reinehr 2010). By contrast, obesity increases suscepti-
bility to autoimmune thyroid disease, with an emerging role of leptin as a periph-
eral determinant (Marzullo et al. 2010).

Other conditions such as gastroesophageal reflux, migraine, bronchial asthma 
are more frequent in obese patients but the pathophysiological meanings of these 
associations are still unclear.

1.7 � Conclusions

Obesity could be easily defined as a percentage of fat tissue exceeding the limits 
of normality. But the limit of normal amount of fat mass is poorly defined. In the 
literature there are no studies on large populations set up to define the range of 
normality of this numeric variable. This is due to the fact that quantitative methods 
for measuring fat mass require sophisticated equipments i.e., DEXA or air plethys-
mography. The popular cut-off value of 30 for BMI does not imply an actual limit 
of fat mass but rather a limit over which the risk of cardiovascular disease sharply 
increases. This risk however is already present in overweight people when com-
pared to individuals with normal values of BMI. Moreover, adipose tissue displays 
an elevated functional heterogeneity: thus, the crude amount of total fat mass may 
be misleading in the interpretation of risk of comorbidities even when assessed 
with sophisticated approach. Actually, the so called “healthy obese” or better met-
abolically healthy obese, in spite of elevated BMI values have a far better progno-
sis than individuals with altered risk factor profile. On the other hand, lean people 
with an obese metabolic profile have also been described. These inconsistencies 
can be explained by the well known evidence that visceral fat is more dangerous 
than gluteo-femoral fat as the latter that can even be protective for lipotoxicity i.e., 
the deposit of fat in liver and heart or on muscles. Thus, disabling obesity requires 
an individual assessment with methods capable of taking into consideration the 
possibility of multiple aggregated factors.

The discussion on the causes that have led a relevant percentage of people 
to become fat are interesting but probably usefulness. In a recent head to head 
appeared on BMJ (Wilding 2012; Frayling 2012) the two authors debated on 
whether the prevalance of obesity may be attributable to environment rather than 
to genetic. The conclusions however are very similar: the fight against obesity 
needs a control of the dense energy food market and the identification of patients 
who are genetically at risk for obesity. The most relevant problem is what to do 
with people needing medical and social assistance for their disabilities considering 
that the problem of disabling obesity will not be solved in a short time. Rather, we 
have to recognize that, whichever evolutionaristic hypothesis could be true, obe-
sity is a characteristic of our species and the number of patients with problems, 
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either medical or social, linked to their weight excess will remain in the most opti-
mistic view, stable for a long time. Therefore, the problem is to prevent that obese 
individuals may become disabled and, if already disabled, to contrast the worsen-
ing of their disabilities. Recently, AACE (Jeffrey et al. 2012) stated that “To say 
that obesity is not a disease but rather a consequence of chosen lifestyle (i.e., over-
eating and/or inactivity) is equivalent to saying that lung cancer is also not a dis-
ease because it was brought about by volitional cigarette smoking. It is the strong 
contention of AACE that the view of obesity as a behavioral decision is debunked 
by biomedical evidence”.

On the other hand dramatic perspectives of a future where 100 % of the people 
will be obese seem to have little sense according to the most recent epidemiologi-
cal data. Moreover, we observe an increasing number of elderly obese suggest-
ing that obesity not always causes a reduced life expectancy but increases the rate 
of disability with advancing age. Thus, our efforts should be directed more to 
contrast disabling obesity than obesity per se. For these reasons studies aimed at 
establishing reliable parameters to define not from a quantitative but from a patho-
physiological point of view when obese individuals are at risk of developing dis-
abilities are strongly needed.
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Abstract  During the execution of physical activity, obese individuals suffer from 
considerable functional limitations which are principally related to the excess of 
their body mass, more than to other morbid conditions co-occuring with obesity. 
Important changes in body composition are associated with the rise in body adi-
posity, so that obese persons, and women in particular, result with a lower amount 
of fat-free mass and leg muscle volume per unit body mass, but with absolute 
larger quantities. Therefore, motor performance of obese individuals during anaer-
obic activity, which includes the execution of short and intense efforts, is largely 
reduced by the imbalance between the size of available skeletal muscle and the 
disproportionate accumulation of fat tissue, although the capacity of strength and 
absolute leg power output production are increased. Differently, activities relying 
upon aerobic metabolism, such as bicycle ergometer exercise or walking, are lim-
ited in obese subjects principally due to the greater metabolic energy required to 
move the heavier body, or single body segments involved in movements, which 
may ultimately exceed the limits of the aerobic capacity. The physiological mech-
anisms underlying these functional limitations during exercise in obesity should be 
considered when devising protocols of physical activity and rehabilitation aiming 
to cure the body mass excess.

2.1 � Engines, Fuel, and Performance

In much the same way as cars do, humans move in the space, perform mechani-
cal work, consume fuel, and achieve a power performance. It is remarkable that 
Dorothy M. Needham, one of the most eminent biochemists of the past century, 
titled Machina Carnis [i.e. muscle machine] her comprehensive book considering 
the nature of the biochemical processes fuelling the muscle engine and the com-
plex regulation of its energy supply (Needham 1971).
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Indeed, muscles accomplish the essential task to produce force and motion tak-
ing energy from the chemical fuel originally coming from foods, not so different 
from the combustion engines of ordinary cars. To this end, the energy contained 
in chemical bonds of the high-energy phosphate substance adenosine triphosphate 
(ATP), considered as the ultimate energy source for muscle contraction, is made 
available as free energy by chemical splitting and is used to produce mechanical 
work, while part is degraded as heat. For a detailed account of the biochemical 
pathways supporting muscle energetics, the readers are referred to the excellent 
review by Pietro E. di Prampero (di Prampero 1981), which links with clearness 
the energy processes at cellular level with physiological phenomena detectable at 
whole organism level in the exercising individual.

In a concise formulation, all energy required for muscle shortening is provided 
by the breakdown of ATP at cellular level. Nevertheless, energy supply provided 
by ATP stores within the muscle is relatively limited, and the process of ATP refur-
nishing takes place concomitant with utilization.

When exercise has an intensity requiring an amount of energy compatible 
with the kinetics of the refurnishing process, ATP is restored by means of oxida-
tive mechanisms consuming oxygen and utilizing the body stores of carbohydrates 
and fats as substrate, and exercise can be maintained for a long duration (several 
minutes or longer) in a steady-state condition (aerobic exercise). Differently, when 
exercise has an intensity which outbalances the capability of the mechanisms for 
energy restoration, it  is supported for a limited period (several seconds) by the 
ATP sources at muscular level (anaerobic exercise).

The great deal of physiological responses intervening in the course of aerobic 
exercise substantially represent the functional adjustment of the elements belong-
ing to the oxygen transport pathway from ambient air to mitochondria to the 
increased oxygen flow required by exercising muscles. In conditions of metabolic 
steady-state during exercise at constant intensity, the pulmonary inflow of oxygen 
measured by assessing the respiratory gas exchanges with the technique of indirect 
calorimetry does correspond to the oxygen consumed at cellular level. Thus, due 
to the stoichiometric nature of the relation between utilized oxygen and ATP yield, 
the amount of oxygen consumed during aerobic submaximal exercise corresponds 
to the actual energy required to sustain that physical activity. In fact, depending on 
the oxidized substrate, 1 L of oxygen consumed has an energy equivalent ranging 
from 4.7 kcal (or 19.6 kJ), when lipid oxidation is the sole source of energy, to 
5.1 kcal (or 21.1 kJ), when carbohydrates are the sole source of energy.

Therefore, during exercise when muscles actively shorten producing mechani-
cal work under aerobic conditions, the rate of oxygen consumption (VO2) 
increases progressively as exercise intensity rises. Figure 2.1 illustrates the rela-
tion between VO2 and exercise intensity for a young man running on a treadmill. 
Data shown in the figure are taken from a historical record obtained by Rodolfo 
Margaria in Pavia in the late 1930s (Margaria 1938), but they are fairly repre-
sentative of the physiological responses associated with the energetics of exercise 
which can also be investigated with modern technologies.

Figure 2.1 represents the common knowledge of how VO2 relates substantially 
linearly to exercise intensity during a typical incremental test (region between 
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points A and B) and ignores the upward deviation in VO2 occurring during pro-
longed exercise at high workloads. Above point B, the relation levels off (region 
between points B and C) and the plateau in VO2 represents the individual’s 
maximal capacity to transfer oxygen from the ambient air to the mitochondria 
(VO2max), either determined by metabolic oxidative capacity limitation in mus-
cle mitochondria or by oxygen supply limitation at some step in the oxygen trans-
port pathway, depending on the ongoing physiological  scenario. For an integrative 
view of the factors limiting maximal oxygen transfer, the readers may enjoy a 
recent comprehensive review by Wagner (2006).

To a first approximation, point B also indicates the maximal exercise perfor-
mance (Vmax) which could be sustained aerobically. Below point B, in conditions 
corresponding to submaximal exercise, VO2 increases with exercise intensity and 
in steady-state conditions exactly matches the amount of oxygen required by exer-
cising muscles to perform that kind and intensity of mechanical work. The incline 
of the line for the relation between VO2 and exercise intensity is dependent on  the 
energy required for that specific activity (i.e. running on treadmill, for the case 
depicted in Fig. 2.1). For individuals with similar body mass, structure, and shape, 
moving their body segments according to the same biomechanical paradigm 
and to the same physiological coordination pattern of skeletal muscles involve-
ment, the energy cost of a given physical activity is expected to be similar (Taylor  
et al. 1982), so that VO2 required for running at a given submaximal velocity is 
the same for different individuals, independent of their VO2max.

Nevertheless, the overall energy required for exercise performance is also 
strongly influenced by the mass of the body or the body segments involved in 
motion during the specific exercise activity under consideration. During terrestrial 
locomotion, humans have to perform at each step a given amount of mechanical 

Fig. 2.1   The relationship between the rate of oxygen consumption (VO2) and running velocity 
on treadmill. The single data points are obtained in a young man exercising at steady-state condi-
tions and enable the determination of the individual’s maximal aerobic capacity (VO2max) and 
the maximal aerobic performance (Vmax). The prediction of exercise energetics performed while 
wearing an added weight is represented by the broken line, which also indicates maximal aerobic 
performance during loaded running (V′max). See text for details. (Data from Margaria 1938)



CORRECTED P
ROOF

24 C. L. Lafortuna

work to propel forward their body mass, so that the subject’s own weight is an 
important determinant of the energy required for locomotion. From several experi-
ments performed with the application to the trunk of an external weight in healthy 
lean subjects during locomotion, it can be predicted that the costs of supporting and 
accelerating body mass could be increased in direct proportion to the extra mass 
supported by the exercising muscles (Taylor et al. 1980). Thus, according to this 
model, we could imagine that the subject represented in Fig. 2.1 would display a 
left shift in the relation VO2-velocity if wearing a weight jacket with a load of about 
15 % of his body weight while running on the treadmill under aerobic conditions. In 
Fig. 2.1, the broken line with a steeper slope shown in the region A′–B′ indicates a 
higher energy requirement for the loaded running, which implies the consequence of 
attaining the plateau of VO2max at a lower maximal velocity (Vmax′). Therefore, 
it appears that the individual’s maximal performance in aerobic conditions depends 
upon both his maximal aerobic capacity and the energy cost of exercise.

It is relevant to understand the interplay between the variables such as the 
individual’s aerobic capacity, the metabolic energy required for exercise, and the 
maximal aerobic performance since in obesity these reference parameters undergo 
changes which may seriously interfere with the individual’s capability to sustain 
the execution of specific physical exercise and, in certain cases, even of simple 
movements associated with everyday life activities.

2.2 � Muscle Engine and Muscle Functioning: Implications 
for Maximal Strength, Power Output, and Anaerobic 
Performance

2.2.1 � Body Composition

The most self-evident structural body change in obesity is an enormous global 
increase in fat tissue accumulation, which greatly affects body composition in 
obese people, with important consequences for motor activity.

The main parameters characterizing body composition according to a two-
compartment model (see Ellis 2000, for a comprehensive review of models and 
methods for the estimate of body composition) in a typical sample of young seri-
ously obese men and women (BMI > 35 kg/m2) are shown in Table 2.1 and com-
pared with those coming from a sample of normal weight individuals of the same 
age and body frame. Apart from the striking difference in the amount of fat tissue 
between the two groups, it is interesting to note the trend of fat-free mass (FFM). 
It can be appreciated that, in normal weight individuals, FFM constitutes the larg-
est share of body mass (although with significant differences between men and 
women), and this percent is to a great extent reduced in obese individuals and even 
outbalanced by fat mass. By contrast, when considered in absolute terms of mass 
units, FFM is actually significantly increased in obese men and women in com-
parison with their respective normal weight counterpart.
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Bearing in mind that FFM is an indicator, though rather crude, of skeletal mus-
cle mass, it can be easily realized that these very simple relations have relevant 
repercussions on the performance of the different motor activities powered by the 
muscle action. In fact, during brisk movements entailing body displacement which 
require a considerable power output under anaerobic conditions (such as stepping 
up a ramp of stairs or performing short sprints) the determinant of actual perfor-
mance is the ratio between the muscle mass and total body mass, which dictates 
the power output per unit body mass (Lafortuna et al. 2002).

Differently, during static (or quasi static) actions with a relevant development 
of strength, the performance is mainly determined by the absolute size of involved 
muscles (Maughan et al. 1983; Fukunaga et al. 2001b).

2.2.2 � Skeletal Muscle Size

In spite of a relative abundance of studies which report body composition trends in 
relation with body adiposity and provide evidence of a definite increase of FFM as 
a function of BMI (Norgan 1994; Schutz et al. 2002; Lafortuna et al. 2004, 2005), 
investigations addressing the effects of obesity on muscle characteristics are sur-
prisingly scanty.

Indeed, skeletal muscle can be characterized by quantitative (size) and qualita-
tive (composition) structural attributes which concur in determining functional 

Table  2.1   Average values (±SD, in parentheses) of anthropometric and body composition 
parameters in two healthy groups of normal weight (NW) and obese (OB) young men and 
women, matched for age and height

NW (n = 22)a OB (n = 22)b

Males Females Males Females

Age (years) 27.3
(4.3)

27.9
(3.8)

27.2
(3.2)

27.9
(3.6)

Height (m) 1.75
(0.05)

1.64
(0.06)

1.75
(0.07)

1.64
(0.05)

Body mass (kg) 68.0
(6.6)

57.8
(7.1)

130.6c

(12.3)
113.7c

(12.1)
Body mass index (kg/m2) 22.2

(1.7)
21.6
(2.0)

42.6c

(3.3)
42.1c

(2.9)
Fat mass (kg) 7.3

(3.7)
16.6
(5.1)

59.2c

(6.0)
58.9c

(7.3)
Fat-free mass (kg) 60.7

(4.7)
44.2
(3.8)

71.4c

(8.0)
54.9c

(5.8)
Fat-free mass (%) 89.6

(4.7)
77.0
(6.5)

54.6c

(2.7)
48.3c

(2.5)

aUnpublished data from the Laboratory of Biomechanics at Istituto di Bioimmagini e Fisiologia 
Molecolare del CNR, Segrate (MI); bdata selected from the cohort published in Lafortuna et al. 
(2012) to match the NW group; csignificantly different from the NW counterpart (p  <  0.001, 
Student’s t  test for unpaired data)
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performance. A recent study, conducted on a sample of men and women with differ-
ent body adiposity, investigated these structural characteristics in lower limb mus-
cles with computed tomography (CT) and image analysis (Lafortuna et al. Influence 
of body adiposity on structural characteristics of skeletal muscle in men and 
women. unpublished data). The volume of muscle, after accounting for limb length 
and age, resulted to increase significantly with the degree of body adiposity in both 
genders, although at a lower rate in women, a trend similar to that observed for 
FFM. In fact, from these results it can be established that overall leg muscle volume 
increases on average by about 2.4 kg every 5 BMI units in man and about 1.3 kg in 
females, when variations due to age are accounted for. This muscle enlargement can 
be viewed as an adaptive response to increased body mass which acts as a chronic 
training load during everyday motor activity. Indeed skeletal muscle is an adaptable 
tissue actively responding to mechanical loading, in addition to growth factors and 
nutrients, and is finely regulated by a complex and not completely understood cellu-
lar signalling network ultimately controlling protein synthesis and sarcomere addi-
tion [for a recent review of muscle responses to mechanical loading of exercise the 
reader may (see Miyazaki and Esser 2009)]. Unfortunately, at present no study has 
been performed to detect the involvement of any regulatory process specifically con-
trolling the muscle response to the obesity-related mechanical overload.

Otherwise, when the volume of muscle in lower limbs is expressed per unit 
body mass, which may be considered as an indicator of leg muscle amount availa-
ble for the displacement of each kilogram of the whole body during the movements 
relying upon leg action, adiposity plays a negative role, particularly in women.

2.2.3 � Muscle Structure: Function Relationships

Thus, most importantly, these variations of muscle size due to the effect of body 
adiposity closely influence the individual’s functional capabilities for move-
ments, both in relation to its absolute quantity or relative to body mass, accord-
ing to the relevant function considered. In Fig. 2.2 leg muscle volume normalized 
by limb length (panel a), representing the average muscle cross-sectional area 
(CSA) through the whole limb, or normalized by body mass (panel b), represent-
ing the limb muscle available per unit body mass, is plotted against BMI in men 
and women over a range of body adiposity. In the lower panels of the figure, the 
functional correlates of these parameters obtained in obese individuals are plotted 
against BMI. Panel c shows the trend of peak force expressed during the push phase 
of a vertical jump performed under conditions of maximal effort, whereas average 
power output per unit body mass developed during a Margaria stair climbing test 
(Margaria et al. 1966), which correlates directly with the real performance such as 
the ascending velocity, is illustrated in panel d. Overall, the figure shows how motor 
functions parallel the structural changes intervening at different degrees of obesity. 
A similar relationship between body composition and muscle performance has been 
observed also among obese children and adolescent in whom FFM was a positive 
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linear correlate of absolute lower limb power output, independent of the different 
body composition ensuing between boys and girls at puberty (Sartorio et al. 2006).

Contrasting a group of extremely obese young men with a counterpart of lean 
individuals matched by age and stature, Maffiuletti et al. (2007) found that obese 
subjects display significantly more elevated absolute but lower relative (per unit 
body mass) muscle torque and power output during isometric and isokinetic knee 
extensions. Pescatello et al. (2007) reported similar results concerning peak iso-
metric and isotonic elbow strength in a quite large sample of overweight/obese 
and normal weight individuals, detecting also a significantly larger CSA of biceps 
muscle in overweight/obese group. Such trends in absolute and relative strength 
for effect of obesity have been found also among male adolescents performing iso-
metric knee extensions (Abdelmoula et al. 2012).

Interestingly, in obese subjects the stronger muscle groups during isotonic 
exercise, in comparison with normal weight persons, were those mainly involved 
in movements against the force of gravity (Lafortuna et al. 2004), as similarly 
reported by Hulens et al. (2001a, b) who observed higher strength in obese women 
than in the lean counterpart during isokinetic knee extension, but not during knee 

(a) (b)

(d)(c)

Fig. 2.2   The effect of body adiposity on skeletal muscle structure and performance in men and 
women. The volume of leg muscle normalized per limb length (Vmus/Ll) and per body mass 
(Vmus/BM) is plotted as a function of BMI (panels  a and b). Peak force expressed during the 
push phase (Ppush) of a vertical jump performed under conditions of maximal effort (panel c) 
and average mass-specific maximal power output (Wspec) during a stair climbing test (panel d) 
are plotted against BMI. Closed circles males; open circles females. Regression lines through 
the data are shown as continuous lines. (Data in panels a and b from Lafortuna et al. Influence of 
body adiposity on structural characteristics of skeletal muscle in men and women. unpublished 
data; in panels c and d from Lafortuna et al. 2005)
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flexion and isometric handgrip, reflecting the gravity-related nature of the train-
ing effect of obesity overload. Taken as a whole, these results indicate that muscle 
strength scales with the size of the muscles involved in its production, but a careful 
allometric model of elbow isometric strength recently suggested that muscle area 
may not completely determine muscle strength (Zoeller et al. 2008), since other 
factors such as structural arrangement of fibers within the muscle (i.e. the penna-
tion angle) and the presence of different amounts of intramuscular fat may act as 
confounding bias.

While it is not known whether obesity-related changes in skeletal muscle 
attributes involve also modifications of pennation angle, with significant effect 
on the externally measured strength in relation to muscle CSA, different degrees 
of fat infiltration in skeletal muscles has been detected with imaging technique in 
obese individuals. In fact, muscle attenuation on CT images, which is a correlate 
of tissue density and inversely reflects the extent of lipid infiltration in muscles 
(Goodpaster et al. 2000), has been observed to decrease with the rise of body adi-
posity (Lafortuna et al. Influence of body adiposity on structural characteristics of 
skeletal muscle in men and women. unpublished data). By means of a quantitative 
evaluation of muscle attenuation, several investigations detected a higher degree of 
such infiltration within muscles in obesity and older age (Kelley et al. 1991; Ryan 
and Nicklas 1999) and found it to be associated with reduced motor performances 
(Hilton et al. 2008; Goodpaster et al. 2001; Visser et al. 2005), besides an increased 
metabolic risk (Kelley et al. 1991; Goodpaster et al. 1997). Hence, although muscle 
size is known to be the major predictor of force and power production in the general 
context (Maughan et al. 1983; Fukunaga et al. 2001b), qualitative attributes of mus-
cle composition such as fat infiltration may be important in determining the associa-
tion between muscle mass and its function, and, especially in obesity during older 
age, may be of value to characterize the functional limitation of motor capabilities.

Thus, mainly due to a larger muscle mass, muscle strength and power output in 
absolute terms have been reported to be substantially higher in obese people under 
different experimental conditions, although their motor performance during anaero-
bic tasks requiring brief and intense efforts results considerably reduced. This func-
tional condition is summarized in Fig. 2.3, which compares the value of peak vertical 
force attained during the push phase of a vertical jump performed under maximal 
effort by lean and obese young men and shows the relationship resulting between 
BMI and the vertical displacement of the center of body mass (an indicator of the 
anaerobic performance) during the same experimental conditions. In spite of the 
remarkably higher strength developed during this maneuver, the actual performance 
of obese individuals is fairly lower and decreases with their degree of adiposity.

Finally, a last issue concerning the different effect exerted by body adiposity on 
muscle size in the two genders should be addressed, in view of the clinical relevance 
and the potential impact on rehabilitation strategies. As reported above, men and 
women undergo different changes in body composition along with the increase in 
body adiposity (see also panel a in Fig. 2.2). Due to the lower increase of muscle 
mass with rising adiposity, the muscle volume per unit body mass (structural cor-
relate of anaerobic performance) decreases considerably in women as a function of 
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BMI (see panel b in Fig. 2.2), with important practical implications. Similar trends 
have also been reported in the variation of FFM/BM with the degree of obesity 
(Lafortuna et al. 2005). This raises the hypothesis that different mechanisms may 
intervene in men and women to regulate muscle size as a function of body adiposity. 
In fact, it has been observed that even a prolonged heavy strength training stimulus 
induces a significantly greater increase of muscle volume in males than in females 
(Ivey et al. 2000). Besides a possible role of the higher levels of masculine testos-
terone, several gender-related differences in the regulation of growth hormone, as 
differences in body composition and fat distribution (Roelen et al. 1997), and in lep-
tin plasma concentration (Llopis et al. 1998), may participate in determining such a 
gender-dependent response of muscle mass to the increase of body adiposity among 
obese individuals. Moreover, due to the loss of muscle size with advancing age, the 
concomitance of obesity and older age in females appears to involve a particularly 
unfavorable condition which exposes them to functional derangements of dynamic 
performance. Thus, as also evidenced with functional testing in a clinical context 
(Lafortuna et al. 2004), older women with high degree of obesity are prone more 
than men to suffer from major reductions in anaerobic leg power output induced by 
obesity, which may interfere with everyday locomotor abilities and even ultimately 
lead more rapidly toward thresholds for disabled mobility.

2.3 � The Energy Expenditure for Body Movements: 
Implications for Aerobic Performance

In spite of the definite increase in the size of muscle engine under the effect of 
body adiposity, which permits the production of higher strength and absolute 
power, besides a diminished anaerobic performance, as discussed in the previous 

(b)(a)

Fig.  2.3   Strength and performance during maximal anaerobic effort in obese and lean young 
men. Average peak force (±SD) expressed during the push phase (Ppush) of a vertical jump 
(panel a) and effect of BMI on the vertical displacement of body center of mass (ΔCOM) 
attained during the same test (panel b). Closed symbols lean subjects; open symbols obese sub-
jects. (Data from Lafortuna et al. 2002)
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section, also the motor performance during the execution of aerobic activity is 
considerably reduced in obese people.

2.3.1 � Maximal Aerobic Capacity

Indeed, the absolute volume of skeletal muscle is a major determinant of the indi-
vidual’s maximal aerobic capacity by providing a greater amount of oxidative 
machinery, as evidenced by Davies (1973) in a pioneering study on African sub-
jects with a different condition of nutrition and involvement in physical activity. 
More recently, Tolfrey et al. (2006) showed with an allometric approach in boys 
and men that lower limb muscle mass is a better predictor of VO2max than body 
mass or FFM. Nevertheless, a significant positive linear correlation has been 
detected for the relationship between VO2max or VO2 at anaerobic threshold and 
FFM in study groups including both lean and obese young women (Lafortuna 
et al. 2006) or adolescent obese girls (Lafortuna et al. 2009). As a consequence, 
among obese adults and adolescents, a higher aerobic capacity in absolute terms, 
although remarkably reduced when considered per unit body mass, is often 
reported (Lafortuna et al. 2006, 2009; Hulens et al. 2001a). Goran et al. (2000) 
investigated a sample of subjects composed of a group of children in a spectrum 
of different body compositions and a group of overweight and normal women, 
and found that the amount of body fat has no direct influence on maximal aerobic 
capacity, which in turn depends mainly on FFM, absolute VO2max resulting sig-
nificantly higher in obese than in lean subjects, without any significant difference 
when expressing VO2max by unit FFM.

Nevertheless, as remarked for anaerobic performance, also during tasks with 
an aerobic profile, the exercise capacity is remarkably reduced in obesity (Hulens 
et al. 2001a). In fact, the execution of most modalities of exercise require more 
mechanical work and demand more energy for obese than for lean individuals, in 
proportions dictated by the mass of the body parts involved and the biomechani-
cal paradigm employed for the specific movements. Hence, while the greater VO2 
attained by obese subjects at maximal exercise may be considered as the conse-
quence of a larger FFM and muscle mass (as discussed above), the greater values 
displayed during submaximal work are related to higher energy requirements of 
the specific motor activity.

2.3.2 � Bicycle Exercise

During exercise on bicycle ergometers, the same mechanical external work is per-
formed by obese and normal-weight individuals, since the subjects use mainly 
their legs to generate a rotary motion and overcome an imposed load acting at 
the level of the crank resistance. Notwithstanding this mechanical setting, the 
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energy cost of bicycle ergometer exercise has been found to be increased by about 
15–20 % for effect of body mass in the two genders at different ages by several 
investigators (Anton-Kuchly et al. 1984; Berry et al. 1993; Hulens et al. 2001a; 
Salvadori et al. 1999; Lafortuna et al. 2006, 2008, 2009).

Anton-Kuchly et al. (1984) estimated that about 60–70 % of such a difference 
could be attributed to the extra work of moving heavier legs, while the remain-
ing 20–30 % could be explained by the postural activity required to stabilize the 
larger mass of trunk while pedaling on the ergometer. In fact, Lafortuna et al. 
(2008) assessed that the net energy required to move the legs was dependent on 
the degree of body adiposity, and that, when this amount of energy is accounted 
for, the energy cost of exercise is independent of BMI at all workloads and no 
difference is detectable between obese and lean individuals. Also, using a model 
based on pedal frequency, leg mass and workload devised by Francescato et al. 
(1995) to predict the energy expended for cycling, Lafortuna et al. (2006) obtained 
evidence that the obesity-related higher energy cost of cycling is largely due to the 
effect of the higher mass of legs.

In principle, also other factors such as higher oxygen cost of breathing (Kress 
et al. 1999) and increased proportion of glycolytic IIb type muscle fibers (Kriketos 
et al. 1997), which have been demonstrated to be substantially less efficient than 
type I fibers during cycling (Coyle et al. 1992), may contribute to the increased 
cost of exercise. Nonetheless, the intrinsic muscle efficiency during cycling, as 
represented by work efficiency calculated by the changes of work performed and 
the energy expended above the condition of free pedaling without load (Berry  
et al. 1993), has been reported to be similar among obese and lean people 
(Lafortuna et al. 2008), confirming that the main determinant of higher energy 
cost of cycling may be better due to the higher energy entailed in limb move-
ments and body stabilization than to intrinsic differences in muscle performance. 
In Fig.  2.4 is summarized the key findings concerning the energetics of bicycle 
ergometer exercise in obese and lean individuals. The figure shows the net meta-
bolic energy required for pedaling at different workloads in the two groups (panel 
a), the energy required for the movements of the legs without any mechanical load 
(panel b), and the mechanical efficiency of cycling after accounting for the energy 
of leg movements (panel c).

2.3.3 � Walking

Different from the setting of bicycle exercise, during walking, mechanical work 
is performed involving a large number of body segments to cyclically raise and 
accelerate the body center of mass at each step, so that the subject’s own weight 
results to be an important load. Therefore, obese people expend much more 
metabolic energy during walking than non-obese individuals (Melanson et al. 
2003, Browning and Kram 2005; Browning et al. 2006; Lafortuna et al. 2008), 
with values of energy expenditure 1.8 to 2.3-fold higher than those required for 
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lean individuals, depending on body mass difference, walking speed, and ground 
incline during locomotion. When the net metabolic rate (gross metabolic cost of 
standing) is expressed per unit body mass, the difference is considerably reduced 
but not suppressed. The same trend is also detectable in the energy cost per dis-
tance during walking (i.e., the metabolic energy per kilogram body mass to walk 
a given distance) which has been found to be 5–15 % higher for effect of obesity, 
as observed by different investigators in obese adults and adolescents (Browning 
and Kram 2005; Browning et al. 2006; Lafortuna et al. 2008; Peyrot et al. 2009). 
Interestingly, Browning et al. (2006) found that mass specific metabolic rate and 
energy cost per distance are related to body composition (body fat  %) but not to 
body mass distribution (thigh mass to body mass ratio).

Figure  2.5 illustrates in panel a the large difference in net metabolic energy 
expended by obese and lean subjects for walking at different velocities, showing 
in (panel b) also the energy per unit body mass and distance, while (panel c) pre-
sents the relationship between mass-specific metabolic rate expended for walking 
at 1  m/s and body composition for single individuals with a different degree of 
body adiposity.

(a)

(b)

(c)

Fig. 2.4   The energetics of bicycle ergometer exercise in obese and lean women. The net meta-
bolic rate required for cycling is plotted against the mechanical workload in panel a for the two 
groups, while the net metabolic rate pertaining to the leg movements without mechanical load is 
plotted against BMI for each individual subject in panel b. The average pedaling work efficiency, 
which accounts for leg movements without load, is shown in panel c for obese and lean subjects. 
Closed symbols lean subjects; open symbols obese subjects. Vertical bars denote 1 SD. Regression 
lines through the data are shown as continuous lines. (Data from Lafortuna et al. 2008)
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Thus, due to the higher metabolic energy expended by obese individuals, walk-
ing may be an exhausting task, requiring a considerable fraction of the individual’s 
aerobic maximal capacity. Young obese women walking at 1.3 m/s on 4 % incline 
have been reported to exercise at about 75 % of their maximal capacity, while the 
lean counterpart did at about 50 % (Lafortuna et al. 2008). It is conceivable that 
such a task may be scarcely sustained by older and less fit individuals, as con-
firmed by the findings of Mattsson et al. (1997).

Overall, these findings evidence that total body mass is a primary determinant 
of metabolic energy required for walking, but obesity plays an unfavorable role 
also due to other factors, besides weight excess.

Fig. 2.5   The energetics 
of walking in obese and 
lean women and girls. Net 
metabolic rate in absolute 
terms and expressed per 
body mass and per distance 
(cost per distance) are 
plotted against walking 
velocity (panels a and b). 
Mass-specific net metabolic 
rate at the velocity of 1 m/s 
is plotted as a function of 
body composition (body 
fat %) in single individuals 
ranging from normal weight 
to obesity classes II and III 
(panel c). Note that mass-
specific net metabolic rate at 
1 m/s in W/kg numerically 
corresponds to the net cost 
per distance in J/kg/m, at 
the same velocity. Closed 
symbols: lean subjects; open 
symbols: obese subjects. 
Regression lines through 
the data are also shown 
in panel c. [Circles adult 
women from Browning and 
Kram 2005; triangles adult 
women from Lafortuna et al. 
(2008); squares adult women 
from Mattsson et al. (1997); 
diamonds adolescent girls 
from Lafortuna et al. (2010)]

(a)

(b)

(c)
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As will be addressed in greater detail in Chap.  3, several biomechanical fac-
tors may affect the metabolic cost of walking and could explain the lower econ-
omy of obese locomotion. Step width and hip abduction have been observed to be 
amplified in obese individuals (Spyropoulos et al. 1991), which require a larger 
metabolic cost of walking (Donelan et al. 2001). Moreover, obese subjects walk 
with a greater magnitude of ankle dorsiflexion and lesser magnitude of ankle plan-
tar flexion (Spyropoulos et al. 1991) and this may substantially alter the interplay 
between stretch and recoil of tendon/muscle tissue (Fukunaga et al. 2001a) and 
contrast an efficient recovery of elastic energy at the end of the contact phase 
(Ishikawa et al. 2005). In the foot of the obese individual, a significantly reduced 
plantar arch height and large alterations in pressure distribution (Hills et al. 2001), 
may also adversely affect foot mechanics during walking gait (Messier et al. 
1994), reducing the plantar aponeurosis deformation during foot contact and inter-
fering with the kinetics of elastic energy storage (Ker et al. 1987). Furthermore, 
it has been argued that body distribution of adiposity rather than body weight per 
se, might be an important determinant of the metabolic cost of obese locomotion, 
the greater cost of walking being associated to the extra mechanical work deriving 
from a larger momentum of inertia due to disproportionately heavier limbs (Myers 
and Steudel 1985; Saibene and Minetti 2003; Browning et al. 2007), but experi-
mental evidence about the contribution of thigh mass to body mass ratio in obese 
subjects is still inconclusive (Browning et al. 2006).

Nevertheless, based on the results obtained from experiments with additional 
weights to the legs of lean subjects, it is debated (Browning and Kram 2009) 
that one expects that the energy cost of walking for obese people would be fairly 
higher than actually observed (i.e. around 10 % over that of non-obese individu-
als), and some optimizing strategy in movements might be involved enabling 
obese subjects to consume less energy for walking than expected. In spite of its 
attractiveness, unfortunately such a hypothesis appears substantially speculative at 
present.

2.4 � Functional Limitations During Exercise and Impact  
for the Prescription of Physical Activity

While the execution of short and brisk movements of chiefly anaerobic character 
is principally limited in obese people by the imbalance between the size of skel-
etal muscle and the disproportionate accumulation of fat tissue, the aerobic perfor-
mance is mainly reduced due to the greater metabolic energy required to move the 
heavier body, or single body segments.

Thus, a major priority of exercise prescription is to focus on activities which 
contribute to muscular fitness and preserve muscle mass. This goal seems impor-
tant also in view of the effects of caloric restriction (a powerful tool against weight 
excess concomitantly used with physical activity) which result in reductions 
in  both fat and fat-free mass. A net loss of muscle tissue would have negative 

http://dx.doi.org/10.1007/978-3-642-35972-9_3
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outcomes on both anaerobic and aerobic functions, especially in women who are 
inherently endowed with a lower amount of skeletal muscle relative to body mass.

During aerobic activity such as ergometer cycling or walking, the relative aero-
bic effort at a given exercise intensity (cycling workload or walking velocity) is 
higher for obese individuals compared with the lean counterpart and during rela-
tively severe exercise the energy requirements may approach or even exceed the 
limits of the individual’s aerobic capacity (Salvadori et al. 1999; Browning and 
Kram 2005; Lafortuna et al. 2006; Lafortuna et al. 2008). Therefore, also in view 
of a considerable degree of sedentariness and poor aerobic conditioning frequently 
observed in obese individuals, the employment of protocols aiming at improving 
the cardiovascular endurance should be encouraged with a scheme appropriate for 
obese people.

Finally, the comparison of the physiological responses to cycling and walk-
ing is very interesting for the formulation of exercise protocols suitable for obese 
individuals.

Based on the fact that a smaller muscle mass is used in cycling exercise to 
attain the same metabolic energy expenditure of walking (Hermansen and Saltin 
1969), with a greater metabolic stress and energy requirement per unit of contract-
ing muscle (Koyal et al. 1976), it has been evidenced in obese adults and adoles-
cents (Lafortuna et al. 2008, 2010) that walking is a convenient mode of exercise, 
compared to cycling. Walking permits in fact to attain any given energy expendi-
ture at a comparatively lower average heart rate (or in a shorter time), with lower 
lactic acid blood concentration and higher fat oxidation.

In practice, by some reckoning from these data comparing the metabolic 
responses of the two modalities, to obtain the energy expenditure of 250 kcal with 
a bout of 25 min activity, cycling should be performed at an intensity requiring an 
average heart rate of about 160 b/min with 3 g of lipids oxidation, whereas it will 
be sufficient to walk at intensity requiring an average heart rate of about 130 b/
min, with over 11 g of lipid oxidation.

Under this perspective, for obese individuals, inherently limited in their work 
capacity, it is very attractive to devise forms of physical activity enabling the 
attainment of a considerable energy expenditure by preference promoting sub-
stantial fat oxidation with the lower subjective perception of effort and exercise 
intensity, which could ultimately allow a better tolerance and adherence to physi-
cal activity protocols.
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3.1 � Introduction

Three-dimensional motion analysis has turned out to be a powerful tool for a 
quantitative assessment of the movement. Thanks to several important features—it 
is noninvasive, allows to repeat the examination more times within a short period 
of time, provides quantitative and three-dimensional data as for kinematics (tra-
jectories, velocity, accelerations, angles), kinetics (forces, joint moments, joint 
powers), and quantitative evaluation of muscle activity (electromyography)—
quantitative evaluation of motion represents a fundamental instrument in human 
movement analysis. Assessment of the characteristics of a patient’s movement and 
of significant deviations from normality can be extremely useful in clinical set-
tings, both in the diagnosis of diseases with implications of one of the above sys-
tems, and in the planning and monitoring of specific rehabilitative treatments. In 
clinical realities the low number of reliable, valid, and objective measures to moni-
tor treatment outcomes is one of the most crucial problems in the management of 
pathological subjects. Clinical evaluations, such as passive range of motion, meas-
ures of muscle tone, and even video recording, which are frequently used by clini-
cians, have all shown poor reproducibility between observers and sessions, even 
when tested under standardized conditions. From these limitations, it’s evident 
the need to introduce a method of instrumental assessment that is able to supply 
the clinician with quantitative, three-dimensional information relating both to kin-
ematic and kinetic aspects of motion and to the pattern of muscle activation during 
the motor task. For this reason this method is largely applied in clinics to assess 
quantitatively patients with different pathologies with movement disorders, both in 
children and in adults.

In the rehabilitation of patients with obesity quantitative motion analysis is of 
increasing importance. Obesity has, in fact, a profound effect on disability and 
quality of life (Bray 2004). As the prevalence of obesity is increasing at an alarm-
ing rate worldwide, obesity-related disabilities will eventually become a serious 
threat to national health systems. The excessive amount of fat modifies the body 
geometry by adding passive mass to different regions and causing impairment in 
skeletal statics and dynamics. Excess weight is able to influence the biomechan-
ics of several activities of daily living, such as walking, standing up, bending, and 
other movements (Sibella et al. 2003; Saibene and Minetti 2003; Vismara et al. 
2007; de souza et al. 2005a, b), causing functional limitations, and possibly predis-
posing to injury (Wearing et al. 2006). Investigating quantitatively these capacities 
appears necessary to define the functional profile in the obese population to then 
plan appropriate rehabilitation interventions.

The aim of this chapter is to illustrate and review the applications of quanti-
tative movement analysis in obese individuals and to show the experience of the 
motion analysis laboratory at Istituto Auxologico Italiano IRCCS, San Giuseppe 
Hospital, Piancavallo (VB), Italy, which routinely applies the quantitative evalu-
ation in obese patients for an improvement of rehabilitation and therapeutic 
managements.
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3.2 � Equipment

The technology of Istituto Auxologico Italiano IRCCS, San Giuseppe Hospital, 
laboratory used to perform quantitative analysis of movement is characterized by 
the following technical aspects:

•	 it is three-dimensional;
•	 it is noninvasive;
•	 it is able to provide extremely precise quantitative information;
•	 it is able to perform multifactorial integrated analyses, and thus to acquire  

contemporaneously kinematic data (e.g., motion trajectories), kinetic data (e.g., 
ground reaction forces) and data relating to muscle activation (electromyo-
graphic data);

•	 it is easy to use;
•	 it is relatively inexpensive.

In particular, the equipment employed for the patients evaluation is composed of:

•	 6-camera optoelectronic system (Vicon, UK): its cameras (Fig.  3.1a) measure 
the three-dimensional coordinates of reflective markers (Fig. 3.1b) positioned at 
specific points of reference on the patient’s body. From the three-dimensional 
coordinates of the markers it is possible to calculate angles of flex-extension, 
abd-adduction, and intra-extrarotation of the main joints, speed, accelerations… 
and thus to know in detail the kinematics of the body segments on which the 
markers have been positioned (Davis et al. 1991).

•	 Two piezoelectric force plates (Kistler, CH): they measure the system of ground 
reaction forces (Fig.  3.2). From the system of ground reaction forces and the 
kinematic parameters, which have been acquired using the optoelectronic sys-
tems, the moments and powers of the different joints can be calculated.

•	 One 8-channel telemetric electromyographic unit (Noraxon, USA): it records, 
via surface electrodes, the responses of muscles to electrical stimulation—i.e., 
electrical signals generated by muscle contraction (Fig. 3.3).

•	 Two-camera system for the video recording of patients: they allow the clinician 
to observe a patient’s motor action from a qualitative point of view.

Fig. 3.1   Optoelectronic 
camera system (a); markers 
(b)
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3.3 � Quantitative Analysis of Walking (Gait Analysis)

Locomotor activity, walking in particular, is the most popular form of physical 
activity for weight management (Jakicic et al. 2003), presumably because it is 
easy to do and requires considerable metabolic energy. While studies that inves-
tigate how obesity affects the physiological responses to locomotion are essential 
and ongoing (Browning 2006; Lafortuna et al. 2008), biomechanical studies are 
also critical. Quantifying how obesity affects the biomechanics of gait provides 
important insights into the relationship between metabolic and mechanical ener-
getics, mechanical loading (e.g., joint loads), and the associated risk of mus-
culoskeletal injury and/or pathology. Our understanding of how obesity affects 
gait biomechanics in adults and children is increasing, and there is now a body 
of literature and several reviews (Shultz et al. 2011; Runhaar et al. 2011). While 
potentially limited by motion capture accuracy due to the presence of fat in corre-
spondence of some repere points, these studies show that obese adults and children 
walk differently than their non-obese peers.

Obese adults and children tend to prefer slower walking speeds than their 
non-obese peers (Vismara et al. 2007; Browning 2005; Melanson et al. 2003; 
Spyropoulos et al. 1991; DeVita and Hortobagyi 2003). However, some differ-
ences were found in these studies and they are likely related to the variability in 
the obese population and to different methodologies in data collection, such as 
walking outdoor or on a treadmill. In children, walking speed is dependent upon 
age, but obese children still walk ~10–15  % slower than non-obese (McGraw 
et al. 2000). Cadence does not show any difference between obese and healthy 
subjects, whereas prolonged stance duration and reduced single support duration 
revealed a gait pattern more involved in balance control for obese patients, with 

Fig. 3.3   Electromyographic 
unit

Fig. 3.2   On the left, a 
force plate; on the right, 
the vectogram during foot 
contact with the force plate 
during walking is represented
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a longer period of double support (both feet on the ground) (Spyropoulos et al. 
1991; DeVita and Hortobagyi 2003; Lai et al. 2008), and an increased step width 
(Browning and Kram 2007; Ko et al. 2010). Collectively, these adaptations are 
thought to arise from anthropometric characteristics (e.g., increased thigh diam-
eter) as well as the need to maintain balance during gait.

Movements of the lower extremities are affected by obesity, with differences 
being reported in the three planes of movement at hip, knee, and ankle joint angles. 
However, there is no clear consensus on kinematic adaptations associated with 
adult or pediatric obesity. While some investigations report that obese adults and 
children walk with a more erect sagittal plane posture compared to non-obese indi-
viduals (e.g., less flexed lower extremity joints), (DeVita and Hortobagyi 2003; 
Gushue et al. 2005), others do not report such a finding (Spyropoulos et al. 1991; 
Lai et al. 2008; Browning and Kram 2007; Hortobágyi et al. 2011). One reason 
for the conflicting results is that walking speed has not been controlled in some 
studies, even though walking speed influences kinematics (Lelas et al. 2003). Thus, 
the differences in kinematics (less flexion) may be as much due to speed as obe-
sity. Vismara et al. (2007) found ROMs at hip, knee, and ankle on sagittal plane of 
young obese individuals similar to those of healthy participants. These results sup-
port that obesity does not determine major and immediate changes in the learned 
motor strategy in young adult obese patients. Many obese patients older than those 
recruited for this study often show articular problems and pathological gait pattern 
(Syed and Davis 2000; Messier et al. 2005) that could be due to the progressive 
effect of excessive joint loads over the years. Then, the effect of obesity on joint 
biomechanics could be not immediate, but progressive. Not surprisingly, frontal 
plane walking kinematics may also be affected by obesity, but again, consensus 
is lacking and the differences between obese and non-obese are typically small. 
Hip abduction has been reported to be greater in obese versus non-obese adults 
and children (Spyropoulus et al. 1991; Ko et al. 2010), but these results are not 
reported in all studies (Lai et.al. 2008; McMillan et al. 2010). Differences in fron-
tal plane hip angles in obese individuals could result from the need for increased 
leg circumduction due to thigh dimensions or an increase in pelvic tilt due to 
stance leg hip abductor weakness. Foot eversion is greater in obese versus non-
obese adults (Lai et.al. 2008; Messier 1994), but not in children (Shultz et al. 2011; 
McMillan et al. 2010). Very few studies have reported transverse plane angles in 
obese adults and the primary finding is that obese individuals walk with extra-
rotated feet (Vismara et al. 2007; Messier 1994; de Souza et al. 2005a, b).

As for gait kinetics, as a primary determinant of walking kinetics is body mass, 
obesity has a significant effect on ground reaction forces (GRFs) and lower extrem-
ity kinetics (joint reaction forces and net muscle moments).. While the peak of sag-
ittal plane moments normalized by body mass of hip and knee reveal similar values 
to controls, ankle moments are reduced in obese versus non-obese individuals (Lai 
et al. 2008; Browning and Kram 2007; Ko et al. 2010; McMillan et al. 2010). This 
suggests that obese individuals may rely on more proximal joints to perform the 
work required to walk. A few studies have quantified frontal plane moments in 
healthy obese individuals, particularly at the knee due to the relationship between 
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this moment (internal abduction or external adduction) and medial compartment 
loading (Shelburne et al. 2008). Particularly troubling is the finding that obese chil-
dren may also experience these greater adduction moments (Shultz 2009; Gushue 
et al. 2005), although this has not been reported in adolescents (McMillan et al. 
2010). Greater adduction moments in children may result in the development of 
altered frontal plane alignment, further increasing the risk of osteoarthritis (OA) 
development as adults (Taylor et al. 2006). Given the greater loads experienced 
by the lower extremity joints of obese individuals, the link between obesity and 
OA is thought to be due, in part, to mechanical loading (Griffin and Guilak 2005; 
Andriacchi et al. 2009) and varus limb alignment (i.e., bowlegged) (Felson et al. 
2004). Few reports of lower extremity gait mechanics in obese individuals with 
OA have been conducted. Most notable is the quantification of ADAPT (Arthritis, 
Diet, and Activity Promotion Trial) outcomes in terms of gait biomechanics and 
knee joint forces before and after weight loss (Messier et al. 2005). The partici-
pants were found to walk slower and have associated changes in lower extremity 
kinematics (Aaboe et al. 2011). In addition, these individuals walk with a greater 
external knee adduction moment (Andriacchi and Mundermann 2006).

Obesity is often associated with low back pain (LBP) (Fanuele et al. 2002; 
Hangai et al. 2008). Some studies have shown a correlation between obesity and 
functional impairment of the spine secondary to weakness and stiffness of the 
lumbar muscles, leading to LBP and disability (Larsson 2004). In the literature, 
the analysis of gait pattern in obese subjects affected by LBP has received scant 
attention. Some studies have been performed using different techniques (clinical 
assessment, accelerometers, 3D movement analysis) and under different experi-
mental conditions (activities of daily living, treadmill, and ground walking) 
(Spenkelink et al. 2002; Lamoth 2006a, b). Spenkelink et al. (2002) investigated 
differences between LBP patients and healthy subjects in daily living activities and 
the day-to-day variability using an ambulant monitoring system based on acceler-
ometers. In this study LBP patients showed lower activity levels with lower gait 
velocity and standing time and higher resting time than control group. Lamoth 
et al. (2006a, b) examined the capacity of LBP versus healthy subjects to adapt 
their gait pattern to changes in velocity during treadmill walking. Their analysis 
was conducted in terms of trunk and pelvis rotations and erector spinae muscular 
activity to evaluate the trunk-pelvic coordination. They found that LBP patients 
had difficulties in modulating trunk-pelvis coordination flexibility, especially on 
the transversal plane, and erector spinae activity following velocity perturbations. 
In a more recent study, the same authors (Lamoth et al. 2008) examined the rela-
tionship between attention and gait by varying conditions of attentional load dur-
ing treadmill walking. In line with the previous study, they confirmed the reduced 
motility of the upper body in LBP patients during gait, which was accentuated 
during an attention demanding task.

To our knowledge, the only study which quantified the gait pattern of obese 
women with and without LBP by using 3D-Gait Analysis was conducted by 
Vismara et al. (2010). They demonstrated that the presence of LBP induces some 
further alterations of the gait pattern compared to obese subjects without LBP. 
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The coexistence of obesity and LBP seems therefore to affect gait more severely 
than obesity alone. The presence of LBP leads to reduced stability during gait, as 
assessed by the spatial–temporal parameters, and a less physiological knee and 
ankle strategy. Their hip pattern, which was also present and more flexed in pres-
ence of LBP, may represent a strategy to favor body advancement. It can be specu-
lated that pain relief may represent the major underlying cause of this strategy: 
in order to reduce traction on the sciatic nerve, subjects limit their ankle dorsal 
flexion. It has to be reminded, however, that subjects affected by sciatica were 
excluded. These results seem to stratify the gait patterns of obese with LBP from 
those without and from normal-weight subjects. Women without LBP, in fact, 
showed a gait pattern in-between those of women with LBP and normal weight 
subjects.

3.4 � Postural Analysis

Reduced balance affects a variety of daily and occupational tasks, particularly 
those performed with the upper limbs from a standing posture (Chau et al. 2004). 
Adipose tissue accumulation and body mass increases can be a major factor con-
tributing to the occurrence of falls, which explains why obese persons appear to 
be at greater risk than normal weight subjects under daily postural stresses and 
perturbations (Finkelstein et al. 2007). There is now evidence that body weight 
is a strong predictor of postural instability (Hue et al. 2007), with obesity-asso-
ciated postural perturbations appearing in adolescence (McGraw et al. 2000). In 
particular, obesity has been associated with greater forward displacement of the 
CoP during dynamic standing balance activities (Berrigan et al. 2006). Excessive 
body weight affects posture linearly with the increase of BMI (Gilleard and Smith 
2007), akin to what occurs in the later stages of pregnancy (Teasdale et al. 2007): 
the center of gravity shifts forward, the lumbar lordosis increases together with the 
pelvic forward tilt, the dorsal kyphosis and a secondary cervical lordosis become 
more pronounced (Rodacki et al. 2005; Syed and Davis 2000). Frequently, internal 
rotation of the hips, knee valgism, and flat feet coexist and the feet tend to splay 
apart during standing to optimize the center of gravity and stability. Discomfort 
and reduced tolerance of fixed postures are also consequences of a redundant 
mass. Pain has been shown to affect posture (Rodacki et al. 2005) and reduced 
sensory integration has been hypothesized for the poor balance (Syed and Davis 
2000). As for the presence of higher oscillations in obese individuals respect to 
controls, two hypotheses are proposed by the literature: (a) the reduction of plantar 
sensitivity due to the hyper activation of the plantar mechanoreceptors for the con-
tinuous pressure of supporting the large mass; (b) the presence of high mechanical 
request in obese subjects due to a whole body center of mass further away from 
the axis of rotation causing a greater gravitational torque (Hue et al. 2007).

In addition, body mass distribution usually shows gender differences (gynoid 
and android shape), even if android fat distribution is also observed in females, 
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particularly in postmenopausal women: thus, whether shape induces possible 
gender-specific consequences on balance is still controversial. Few dated stud-
ies on normal weight persons reported no gender differences in sway area dur-
ing standing and in perturbed conditions (Maki et al. 1996; Wolfson et al. 1994), 
although elderly women appear to have poorer balance and functional perfor-
mances (Capodaglio et al. 2007). In 2003, Gravante et al. (2003) studied gender 
differences in obese and healthy subjects using a baropodometric platform. They 
reported no gender-related differences in foot pressure, foot contact surface, and 
center of pressure (CoP) mean location. They also found that the CoP mean loca-
tion was not influenced by weight. More recent studies have investigated obese 
male subjects. Hue et al. (2007) reported the lower postural stability of obese men, 
assessed by the antero–posterior (AP) and medio–lateral (ML) displacement of the 
CoP, than their lean counterparts, although other authors showed that postural sta-
bility improved in severely obese men after weight loss (Teasdale et al. 2007) and 
specific balance training (Maffiuletti et al. 2005). In general, the increased body 
mass seems to produce AP instability in both genders and ML destabilization only 
in males (Menegoni et al. 2009). Two possible hypotheses could explain these 
results, both related to the mass distribution. The fat mass is usually concentrated 
in the thorax–abdominal region in males (android shape), while it is usually around 
the hips and the upper portion of legs in females (gynoid shape) (Clark 2004). In 
both genders the increased body mass contributes to an increased ankle torque (AP 
destabilization), but the android shape involves a greater amount of mass/load over 
the hips, which could account for the increased ML CoP excursion. The second 
hypothesis, partially overlapping with the previous one, is related to the effect of 
a different mass distribution on the center of mass. The mass distribution alters 
the center of mass position, which is higher in the android than in gynoid shape. 
Furthermore, the fact that the males are usually heavier than females should be 
taken into account. In summary, men have to cope with heavier body weights and 
higher center of mass, possibly leading to an increased loading/unloading mecha-
nism in ML direction.

3.5 � Quantitative Analysis of Trunk Kinematics

The morphology of the spine accounts for its own mechanical behavior and 
changes in morphology often have consequences for biomechanical performance. 
As a consequence, the analysis of spinal mobility can play a central role in under-
standing the relationship between function and clinical conditions. Obese patients 
often report musculoskeletal disorders with a high incidence and prevalence of 
nonspecific and specific low back pain which may influence the trunk movements. 
Methods for the quantitative analysis of trunk movements in vivo need to take in 
account noninvasiveness together with accuracy and clinical feasibility. Some tech-
niques based on optoelectronic systems have been proposed but most  studies are 
focused on specific segments (for example lumbar and/or pelvis) and considering 
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different movements (during walking, posturo-locomotor tests, forward and lateral 
flexion) (Lamoth 2006a, b; Schön-Ohlsson et al. 2005; Sibella et al. 2003). To our 
knowledge, only Menegoni et al. (2008) described and quantified the functional 
mobility of the spine during flexion, lateral bending and rotation in obese women. 
They estimated potential errors introduced by different skin movement artifacts 
affecting obese and normal weight participants, without detecting any marker 
movements from the bony landmarks during rotation and bending. Only during for-
ward flexion the markers located on the spine and pelvis dislocated from the bony 
landmarks; the errors were similar in healthy and obese participants and only the 
error concerning the angle relative to the lumbar segment was greater in obese. 
Intra-subject and inter-subject variability was found relatively limited with a stand-
ard deviation lower than 6°. The investigation of the relationship between obesity 
and spinal mobility and its clinical consequences appears that body weight influ-
ences standing posture in the sagittal plane: obese subjects are characterized by a 
forward flexed trunk and anteversion of the pelvis. Obese individuals seem to com-
pensate for the forward translation of the center of mass with an increased pelvic 
tilt. Body weight is also a constraint for thoracic movement, demonstrated by the 
angle related to kyphosis and the thoracic movement in forward flexion and by the 
limited range of motion in lateral bending. In addition, dorsal stiffness with normal 
lumbar ROM appears to be a feature of obese subjects. These strategies could play 
an important role in the onset of nonspecific and even more of specific low-back 
pain, which is known to affect many obese patients. In this field, few studies dem-
onstrate a correlation between obesity and functional impairment of the spine sec-
ondary to weakness and stiffness of the lumbar muscles, possibly leading to LBP 
and disability (Larsson 2004); moreover, there is a lack of quantitative data on spi-
nal mobility in obese subjects who already suffer from LBP. Vismara et al. (2010) 
investigated the relationship between obesity and LBP quantitatively during flex-
ion and lateral bending. They showed biomechanical differences in spinal mobil-
ity between healthy and obese subjects under static and dynamic conditions, with 
more pronounced differences when comparing obese patients with to those without 
LBP. They suggested that obesity may modify spinal posture and function favor-
ing the onset of LBP. Significant differences were found at lumbar and pelvic level 
among groups. They confirmed previous results (Menegoni et al. 2008) showing 
an increased anterior pelvic tilt while maintaining a normal lumbar lordosis under 
static conditions in obese. The increased anterior pelvic tilt induces a greater flex-
ion of the sacroiliac joints, and therefore a higher torque on the L5-S1 joint and 
disks. This possibly increases the shear forces at this level and overload the disk, 
thus increasing the risk of disk degeneration (Hangai et al. 2008; Like et al. 2005). 
In line with Gilleard and Smith (2007), they observed an increased lumbar lordo-
sis in obese patients with LBP which may well represent a pain-related strategy. 
Abdominal circumference and gravity may influence the lumbar lordosis and its 
mobility during forward flexion or lateral bending. All these factors could impair 
the dynamic function of some muscles, in particular the erector spinal muscles, 
so that their counteraction to the anterior shear forces on the spine could be jeop-
ardized (McGill et al. 2000). During forward flexion, they observed that thoracic 
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ROM was significantly lower in obese and significantly lower in LBP as compared 
to controls, while lumbar ROM remained similar among the three groups. Due to 
thoracic stiffness, forward flexion in obese and particularly in LBP appears to be 
performed mainly by the lumbar spine, which is most frequently involved in pain 
syndromes. Thoracic stiffness with normal lumbar ROM appears to be a feature of 
obesity and it appears plausible that it might play a role in the onset of LBP in 
obese patients. According to these results, lateral bending is performed in a quali-
tatively different modality when LBP is present and it appears the most meaningful 
clinical test for detecting lower spinal impairments and monitor functional conse-
quences of obesity.

3.6 � Quantitative Analysis of Sit-to-Stand

Sit-to-stand movement (STS) is one of the most common movements in daily 
activities and is an important functional task that may become difficult for patients. 
Rising from the seated position is a complex activity: it requires an adequate pos-
tural control during the motor transfer from a stable 3-points base, the sitting posi-
tion, to a 2-points base, the standing position, and needing adequate torques to be 
developed about each body joint. Difficulty or inability to stand up is common in 
individuals with a variety of motor disabilities and STS evaluation is often con-
sidered in clinical evaluation scales of different pathologies. Studies on STS have 
been conducted mainly in healthy subjects (Janseen et al. 2002; Lindemann et al. 
2003) and no quantitative analyses have been conducted in obese patients even 
if STS has been a topic for many studies (Coglin et al. 1994; Doorenbosch et al. 
1994). In these patients, weight conditions and muscular weakness and low back 
pain change motion task strategy and, consequently, the torque distributions of hip, 
knee and ankle joints. STS is likely to be a very good model to assess the ability of 
obese patients to properly execute daily living tasks. To our knowledge only Galli 
et al. (2000) and Sibella et al. (2003) developed a biomechanical model for a quan-
titative description of STS motion strategy in obese subjects compared to normal 
individuals. Kinematic analysis showed that while normal individuals rise from the 
chair by flexing the trunk forward and keeping the feet in their initial position, on 
the contrary, obese subjects rise from the chair by limiting the forward trunk flex-
ion and moving the feet backwards from the initial position. In the healthy sub-
jects, from the first to the last trial a small decrease in forward trunk flexion is of 
note, even though the flexion degree remains always sensibly higher than that of 
the obese group. Vice versa, no changes in forward trunk flexion values are visible 
for the obese group. The kinetic analysis confirms and explains kinematic results, 
as the developed model allowed to compute torques at the different joints. To high 
degrees of trunk flexion correspond a high hip joint moment which, in general, 
leads to a high low back loading and a minimization of knee joint torque. Obese 
subjects tend to minimize trunk flexion: this kinematic strategy brings a mini-
mization to hip joint torque (and therefore a minimization of low back loading), 
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but it maximizes the moment at knee joint. During the trials execution, while for 
the control group the criteria imposed at the beginning of the trial are conserved 
trial-by-trial, the obese group, trial-by-trial, changed the initial strategy because of 
fatigue into the one used by the controls and characterized by a forward flexion 
that minimizes knee joint load. Doing so they are able to stand up but they over-
load the vertebral column, worsening their lower back pain. At the beginning of 
STS task, when obese patients were asked to stand up, they tried to protect the ver-
tebral column. When fatigue increased, during the execution of multiple STS, the 
protection of vertebral column was secondary with respect to the aim of standing 
up and this why they changed their rising strategy.

3.7 � Conclusions

In this chapter an overview of the role of 3D motion analysis to quantify func-
tional tasks useful to assess the functional limitation of obese subjects from a bio-
mechanical point of view is presented. These studies show how motion analysis 
could represent a useful tool to quantify the performance of these subjects giving 
crucial information that clinical evaluations and video recording are not able to 
provide. However, although there is increasing evidence that obesity affects lower 
extremity joint kinematics and kinetics and trunk movements, these data must be 
viewed with a clear understanding of the challenges associated with quantifying 
motions of a skeletal system covered by extensive soft tissue. Almost all studies 
reporting lower extremity kinematics/kinetics in obese individuals during gait and 
STS have used standard gait marker set (Davis et al. 1991) which could be influ-
enced by inaccurate marker placement and soft tissue artifact (Baker 2006; Della 
Croce et al. 2005). Of particular concern especially in obese subjects is the reli-
ance on anterior superior iliac spine (ASIS) and/or greater trochanter markers to 
establish the pelvis and hip joint centers leading to inaccurate estimates of joint 
centers and errors in the resultant kinematics/kinetics (hip and knee in particular) 
(Stagni et al. 2000). However, we know that some parameters are not so much 
affected by these errors (i.e. ranges of motion) (Kirtley et al. 2002) and so they 
could be considered reliable measures in these patients. Future studies that report 
kinematic data using obese subjects should need to clearly identify marker place-
ment and skeletal model development procedures and how errors regarding marker 
placement were addressed. A combination of using dual-energy X-ray absorptiom-
etry images for determining inter-ASIS distance and estimating segment inertial 
parameters (Chambers et.al. 2010), a sacral marker cluster and digitized pelvic 
anatomical landmarks (Segal et al. 2009) are suggested to improve the accuracy of 
marker-based motion capture.

As for trunk kinematics the proposed experimental setup can represent a non-
invasive clinically useful technique for functional investigation in various spinal 
conditions and evaluation of effectiveness in rehabilitation. Potential biases of 
spinal motion measurement with surface markers are soft tissue artifacts which 
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can affect the measure especially during forward flexion. However, these artifacts 
seemed to produce a similar systematic error between the obese and the healthy. 
A limit of this approach is that it is unable to estimate the error introduced by the 
thickness of the skin, a layer interposed between the marker and the bone, which 
hinders the correct localization of the bony landmarks.

Despite the evidenced considerations, the use of motion analysis appears neces-
sary to define the functional profile in the obese population and to have indications 
for planning appropriate rehabilitation interventions.
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Abstract  Obesity, particularly with early onset and severe degree, imposes func-
tion limitations in different areas. We need appropriate assessment tools to iden-
tify and evaluate the obesity-related disability. Generally, tests of physical and 
cardiorespiratory performance (FIM, 6MWT, dyspnoea score, sub-maximal exer-
cise test), score of daily life activities (ADL o IADL), and quality of life (SF36, 
IWQL) are used. However, these instruments have not been specifically developed 
for obese patients and cover only a part of the complex disability that is associ-
ated with this condition, thus underestimating the disability risk profile. In the last 
years, a reference classification of disability (ICF) proposed by WHO has been 
used also in obesity. Areas such as mobility, self-care, handling stress, and social 
relationships appear hindered. Recently, an obesity-specific disability question-
naire (TSD-OC) has been validated against other standard tools and linked with 
ICF. A correct identification and evaluation of functional, psychological, and 
social limitations/disability secondary to obesity might promote long-term suc-
cessful rehabilitation intervention to reduce the impact of this disease.
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4.1 � Introduction

Obesity has become a global public health concern. The World Health 
Organization (WHO) estimated that there were 400 million obese adults (as 
measured by body mass index (BMI)) worldwide in 2005 and expected to be 700 
million in 2025 (WHO 2006). Studies using data from the National health and 
Nutrition Examination Survey (NHANES) reported an increase in prevalence 
of obesity from 11.1  % in the 1970s to 19.3  % in the early 2000s (Ford et al. 
2009). The most recent data from NHANES report obesity prevalence approx-
imately of 32  % for men and 36  % for women (Ford et al. 2011). The differ-
ence between men and women is not statistically significant. Using data from the 
Europe Action on Secondary and Primary Intervention through Intervention to 
Reduce Events (EUROASPIRE) surveys in hospital-based patients, the average 
prevalence increased from 25  % in study I to 38  % in study III (Kotseva et al. 
2009). Limited numbers of studies were available on the epidemiology of obe-
sity in other continents. Comparison between regions around the world indicate 
a wide variation in prevalence of obesity; this is primary due to the different cut-
offs considering in defining obesity but probably also to race/ethnic and cultural 
effects. Despite these regional differences, over time the prevalence of obesity has 
increased worldwide (WHO 2011). The projections for the future are not better 
if the life expectancy from NHANES showed a reduction by almost 1 year for an 
18-year-old person, assuming trends in smoking continue to decrease and obesity 
to increase. The overall prevalence of obesity for adults in the USA will be 45 % 
by the year 2020 (Stewart et al. 2009). The major health consequences associ-
ated with obesity include hypertension, dyslipidemia, diabetes mellitus, metabolic 
syndrome, and cardiovascular diseases (Haslam and James 2005). As a result, the 
global burden of disease attributable to obesity amounted to 2.6 million deaths: 
for these reasons, obesity ranked seventh in terms of mortality and tenth in terms 
of burden of disease due to leading global risk factors (Ezzati et al. 2002). In the 
last years the major obesity-related cause of death, cardiovascular mortality, has 
been spectacularly declining, partially by improved therapies and cardiovascu-
lar risk management. Also, if primary prevention efforts reduced the burden of 
disease, obesity could become more disabling over time. In a previous analysis 
(Alley and Chang 2007), data from NHANES 1988–1994 and NHANES 1999–
2004 were used to examine change in disability by BMI. In the NHANES two 
types of disability indicators were collected: functional limitations, which refer 
to restrictions in basic movement ability, and limitations in activities of daily liv-
ing (ADL), which represent the most severe disabilities and reflect an individual’s 
ability to live independently. The study shows that despite recent improvements 
in cardiovascular health among obese adults, it appears that obesity-associated 
disability did not decrease during the years and, on the contrary, the disparity 
between obese and normal-weight individuals has increased over time. The odds 
of functional impairment between NHANES 1988–1994 and NHANES 1999–
2004 increased by 43 % among obese participants. Furthermore, while the odds 
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of ADL disability declined significantly over the 1990s for non-obese older indi-
viduals, it did not change among obese older individuals. If disability is increased 
but not mortality, the number of obese survivors expand morbidity, increasing life 
years lived with disability, care dependence, and health-care costs (Andreyeva et 
al. 2004; Reynolds et al. 2005). In a recent study (Reuser et al. 2009), mild obe-
sity was associated with increased life duration with ADL disability of 2.0 years 
in men and 3.2 years in women. For females, even overweight increases disabled 
LE by 2.1 years and shortens life free from ADL disability by 1.5 years. Several 
studies report that obesity is an independent risk factor for developing disability 
over time; the relationship between weight or BMI and disability has a “U” or a 
“J” shape, meaning that not only obesity but underweight have increased risk of 
disability (Al Snith et al. 2007).

The disability risk associated with obesity may be related to cumulative expo-
sure, because obesity affects disability risk not only through cardiovascular dis-
ease burden, but also through several chronic diseases. It is demonstrated that 
obesity itself, independent of the presence of metabolic syndrome, is a risk factor 
for mobility limitation among obese older adults (Stenholm et al. 2010). Excess 
body weight can cause biomechanical stress on the lower extremity joints leading 
to pain, osteoarthritis, reduced physical activity, and impaired muscle strength, all 
of which can predispose an individual to mobility limitation (Ling et al. 2003). In 
addition, in older obese persons, the lower extremity muscle strength (Stenholm  
et al. 2009) or cardiorespiratory fitness may be inadequate to perform weight-
bearing activities without difficulties. The pro-inflammatory state caused by 
obesity has been linked to age-related muscle loss or sarcopenia that contribute  
independently to disability (Zamboni et al. 2005). Additionally, weight loss has 
been reported as a risk factor for adverse events in some older adults including 
fractures, falls, and mortality (Locher et al. 2007).

Available evidence indicates that the threshold for which mobility limitations 
appears to develop is between 30 and 35 kg/m2; BMI is a significant contributor 
to lower body functional impairment in women (R2  =  0.050 to the regression 
model, P = 0.032) (Apovian et al. 2002). Some evidence shows this relationship 
occurs in women but not men (Chen et al. 2002). A model for the development 
of mobility disability into old age was proposed (Vincent et al. 2010). We can 
start with the consideration that aging is related with a progressive loss of mus-
cle mass and increase of fat mass (Schultz et al. 2002). Storage of adipose tis-
sue between organs and in the viscera increases the overall body mass the obese 
individual needs to move (Peyrot et al. 2009); accumulation of fat within mus-
cle tissue creates marbled (Zamboni et al. 2007), lower quality muscle capable 
of generating less strength and power for mobility tasks (Marks 2007). Poor life-
style choices coupled with accelerated hip/knee/ankle joint degeneration cause 
the older individual to be less able to perform mobility-related tasks. Joint pain 
worsens with increased weight gain over time. Not only these but also confound-
ing factors such as family and job situation, educational level, sleep problems, or 
being a smoker could influence the functional limitation. Disablement is the end 
result of this process.
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4.2 � The Obesity-Related Disability

The definitions of disability are different and such differences have an impact on 
the way in which disability is assessed in different studies. A first definition of dis-
ability is based on a medical model: disability is defined in terms of disease’s con-
sequence, and therefore problems that can be experienced by patients are viewed 
as a direct expression of the disease. In the field of obesity, examples of this are 
the definitions of disability in terms of problems with mobility, joint pain, or 
breathing problems. A second definition of disability is based on a social model: 
disability is defined in terms of the social disadvantages a person (or a group of 
persons) suffers from. Problems with employment are the most outstanding exam-
ples of such a model, with studies demonstrating that obesity is associated with 
reduced employment (Tunceli et al. 2006) and use of disability benefits (Neovius 
et al. 2008). However, both the  approaches fail in getting a comprehensive picture 
of the “disability topic” in obesity. The reasons for this are different and, likely, 
difficult to comprehensively report. A first reason is the presence, in obese sub-
jects, of several comorbidities including, but not limited to, diabetes, joint pain, 
hypertension, cardiovascular diseases, metabolic syndrome and psychiatric con-
ditions such as schizophrenia, PTSD, bipolar disorder, anxiety disorders, eating 
disorders, as well as personality disorders (Chwastiak et al. 2011; Carpiniello 
et al. 2009). Therefore, obesity might underline very different conditions, and if 
disability is a direct consequence of a health condition, the descriptions that can 
be drawn may vary as well. A second reason is the exposure to some risk factors 
that can be, at the same time, both the consequence and the determinant: the con-
sequence of this is that the outcome and the intervention sometimes might over-
lap. For example, it is known that reduced mobility is a consequence of obesity. 
Excessive body weight can cause biomechanical stress on the lower extremity 
joints leading to pain or osteoarthritis, which in turn determine reduced physical 
activity, which in turn determine reduced muscle strength: all the aforementioned 
issues can predispose to mobility limitation (Ling et al. 2003). At the same time, 
however, change in lifestyle is recommended in the treatment of obesity, and phys-
ical activity is one of the most common recommendations.

In sum, the main problems of the medical and social models of disability are 
that they do not provide precise and linear directions between the cause (the dis-
ease and the social environment) and disability as an outcome. This is particularly 
critical for obesity which is complicated by several comorbidities and by the expo-
sure to several risk factors.

A complete evaluation and description of obese patients’ disability features 
should therefore try to put together these different elements that are peculiar of the 
complexity of this condition. Therefore, it should take into account both the level 
of person’s bodily impairments, that of limitations and restrictions in performing 
activities and in participation, and the effect that facilitating or hindering environ-
mental factors act in performing single activities. The International Classification 
of Functioning, Disability, and Health (ICF) (WHO 2001) has been proposed by 
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the WHO to comprehensively describe limitations in functioning and relevant 
environmental factors according to a bio-psycho-social model. It provides a frame-
work to integrate professional assessment and the individual’s point of view: the 
utilization of ICF categories for drawing patients’ functional profiles can therefore 
be envisaged to facilitate the description and classification of all aspects of func-
tioning and health in individuals, independently of specific assessment tools.

The ICF relies on this bio-psycho-social model (Fig.  4.1). The ICF con-
tains lists of so-called ICF categories organized into the same components as the 
biopsychosocial model. Personal factors are not included in the present version of 
the ICF.

The ICF is very comprehensive but its practical use in disability evaluation pre-
sents some problems due to its size and multi-factorial nature; for this reason was 
developed the ICF Core Sets, a list of categories that are relevant to most patients 
with a specific health condition. The ICF Core Set for obesity was developed by 
Stucki et al. (2004) to define the typical spectrum of problems in functioning of 
patients with obesity. According to the large number of body organs involved in 
obesity, the selection of body structures included almost all chapters of this com-
ponent. Limitations and restrictions in activities and participation are represented 
in almost as many categories (28 categories) as the body-functions (30 categories) 
component. The areas that are covered represent key issues for patients with obe-
sity, including mobility, self care, and major life areas such as education, work, 
and employment. Especially the two categories, walking (d450) and moving 
around (d455), including climbing, were ranked highest. Similarly, the category 
d570 (looking after one’s health) comprising managing diet and fitness received 
highest ranks and Handling stress and other psychological demands (d240) is also 
represented. It is significant that 33 categories representing 30 % of the categories 
are in the environmental factors.

In a previous study we defined an extended list of ICF categories for application 
to obese patients, by mapping a clinical protocol to the ICF (Brunani et al. 2010).  
A total of 166 ICF categories were identified: of them, 43 were reported as prob-
lematic by at least 20  % of obese patients (Raggi et al. 2009), and a correlation 
analysis showed a strong effect of body functions’ impairments and a limited one 
of environmental factors towards difficulties in daily activities (Raggi et al. 2010).  

Fig. 4.1   Interactions 
between the components 
of the WHO International 
Classification of Functioning, 
Disability, and Health (ICF)
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The application of these categories also showed that three body functions 
(b210-Seeing; b730-Muscle power; b770-Gait pattern functions), one body struc-
ture (s2-The eye, ear, and related structures) and two categories from activities 
and participation domain (d110-Watching; d730-Relating with strangers) were 
highlighted as significant by patients’ interviews, but were not included in the 
Comprehensive ICF Core Set for obesity (Raggi et al. 2009).

4.3 � How can we Measure Obesity-Related Disability?

Unfortunately, the tests available do not meet the requirements of complete evalu-
ation because we need to distinguish functional limitations, in physical action used 
in daily life, from disability that is restriction also in social life. Tests such as the 
Barthel index, the Katz ADL index, the functional independence measures (FIM), 
and the Performance ADL Test assess very basic ADL (feeding, continence, 
need of human assistance); others, such as the Sickness Impact Profile (SIP), the 
Instrumental ADL Scale, and SF36 also assess mental and/or social functions. We 
lack obesity-specific and detailed instruments to give us enough information and 
understanding of the physical difficulties and problems in everyday life that the 
obese experience.

For these reasons, in clinical practice we need to use different instruments of 
assessment in relation to the area that we want to investigate.

4.3.1 � Functional Scales

Walking, more specifically gait, is an essential component of daily living. Walking 
is a very different activity for individuals with a BMI of 40 or more (Class III 
obesity); when compared with the lower weight cohort, this Class III group had 
decreased velocity and wider distance (Ling et al. 2012).

Previous studies have shown that the 6-min walking test (6MWT) can be 
used to evaluate “global” function in obesity that registered a deficit in distance 
walked and in work of walking when compared with normal-weight subjects 
(Larsson and Reynisdottir 2008). Enright (2003) confirms that people with a 
BMI more than 30 kg/m2 walked a substantially shorter distance compared with 
a control group of people of normal weight. Hulens et al. (2003) reported that 
BMI is the most important predictor of walking distance and this is significantly 
greater in males than females, with an average difference of approximately 57 m. 
Furthermore, 75  % of variance in walking distance could be explain by BMI, 
peak VO2, quadriceps muscle strength, age, and hours of TV watching or sport 
participation. For this reason predicted values for age and gender frequently esti-
mated using the formula from Gibbons et al. (2001), are now under revision to 
consider also weight and height (Chetta et al. 2006; Capodaglio et al. 2012) for 
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validation in morbid obesity. Reference values for 6MWT obtained from an adult 
obese population have been recently proposed (Capodaglio et al. 2012). The dem-
onstration that weight reduction improved walking speed and maximum oxygen 
uptake (VO2max) supports a direct link between weight and mobility (Larsson 
and Mattsson 2003). This relationship is likely to be mediated by respiratory func-
tion as research has shown a strong relationship between respiratory function and 
walking capacity (r =  0.5–0.8 between VO2max and 6MWT) (Wise and Brown 
2005). A two-month weight-loss program including energy restriction and exer-
cise training improved body composition, in particular maximum lipid-oxidation, 
and cardiorespiratory tolerance, measured by decrease of HR at rest, reduction 
in dyspnoea scores without modification of O2 saturation and VO2max during 
test calculated according to the American College of Sports Medicine guideline 
(Dumortier et al. 2003; Elloumi et al. 2011).Walking capacity and VO2max has 
been found to relate to HRQL in obese people: 6MWT showed good correlation 
(Spearman’s ρ: 0.39–0.49; P < 0.01) with the physical function of SF-36 (Kolotkin 
et al. 2011).

Breathlessness and dyspnoea are common symptoms in people with obe-
sity (Gibson 1998; Sin et al. 2002). Assessments of breathlessness may include  
sensation (intensity, sensory quality, or unpleasantness) and/or the behavioral/
emotional consequences of the sensation (respiratory-related functional impair-
ment, disability, or quality of life). The Modified Borg Scale (perceived exertion-
intensity), the Medical Research Council (MRC) Scale, and Baseline Dyspnoea 
Index (BDI); (both assess respiratory-related functional impairment) were, respec-
tively, the most frequently reported instruments. Few instruments had been tested 
for reliability and validity in people with increased adiposity. Visual Analogue 
Scale, Modified Borg Scale, descriptors of sensory quality, MRC, and BDI can 
be recommended as instruments based on their psychometric properties (Gerlach  
et al. 2012) (Table 4.1).

4.3.2 � ADL and IADL

Among daily life activities, a range of different tasks such as showering, dress-
ing, indoor walking, cooking, family activities, driving, but also work, heavy lift-
ing, and sport activities are generally considered. The obese perceive disability 
to a much greater extent (P  <  0.003) than normal-weight subjects (Larsson and 
Mattsson 2001). The main problems are related to occupational work in strenuous 
positions, sports, walking outdoors, climbing stairs, moderate housework requiring 
squatting, stooping, or lifting. Rising from sofas, pedicure, and stress incontinence 
were problematic. The correlation between perceived disability and functional lim-
itations appears fairly good (rs. 0.56) although variable (range 0.14–0.61).

Results from a recent meta-analysis (Backholer et al. 2012) of nine selected 
studies (four longitudinal and eight cross-sectional cohorts) revealed a graded 
increase in the risk of ADL limitations from normal weight to overweight, obesity 
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class I and obesity class II or more. The increased risk of ADL limitation ranged 
from 1.04 (95  % CI, 1.00–1.08) for overweight, 1.16 (95  % CI, 1.11–1.21) for 
obese class I, and 1.76 (95  % CI, 1.28–2.41) for obesity class II or higher. The 
magnitude of this relationship was stronger among women than men; however, 
this gender difference was not statistically significant for any BMI category. Meta-
analyses of longitudinal studies revealed a similar graded relationship; however, 
the magnitude of this relationship was slightly greater for all BMI categories, at 
1.11 (95 % CI, 1.06–1.17) for overweight and 1.21 (1.05–1.40) for obese class I. 
Data from the Atherosclerosis Risk in Communities study (Houston et al. 2005) 
showed that the population-attributable fraction percentages (PAF %) of ADL and 
IADL impairment due to obesity ranged from 6 % in African-American men to 
38 % in white women and 8 % in white men to 39 % in African-American women, 
respectively. A positive association was found between weight status in young 
adulthood and weight gain from young adulthood to middle age and functional 
limitations and disability in late adulthood. It is postulated that obesity early in 
life and weight gain may lead to joint wear and tear, reduced exercise capacity, 
and increased risk of chronic disease such as cardiovascular disease, diabetes, and 
arthritis earlier in life, thus resulting in functional limitations and disability. Most 
chronic diseases were themselves related to disabilities. Previous studies (Chen et 
al. 2002; Guallar-Castillón et al. 2007) showed that adjusting for selected chronic 
conditions did not change or slightly attenuated the associations between obesity 
and functional disabilities (Chen and Guo 2008). This suggests that obesity may 
relate to disability independently or alternatively, obesity may relate to frailty 
syndrome, which in turn may lead to further development of disability in elderly  
people (Hirsch et al. 2006) (Table 4.2).

4.3.3 � Functional Independence Measure

The FIM scale includes 18 items, each of them is scored from 1 to 7 based on 
level of independence, where 1 represents total dependence and 7 complete inde-
pendence. Possible scores range from 18 to 126. The 13 physical items can be 
scored separately from the 5 cognitive items (Hamilton et al. 1987). The associa-
tion between the FIM, the gold standard for measuring outcomes in rehabilitation 
and BMI, has been recently investigated in unfit individuals with medical compli-
cations who are undergoing intensive rehabilitation: they showed higher gains in 
FIM scores, mostly accounted for by the motor subscale, as compared with normal 
weight patients (Jain et al. 2008). Vincent and Vincent (2008) showed that a high 
BMI does not prevent FIM gains during inpatient rehabilitation after total knee 
replacement. However, these gains were achieved less efficiently and at a higher 
cost than when BMI is normal. Two small studies also reported no association 
between BMI and FIM scores in post-acute stroke and joint arthroplasty rehabili-
tation patients (Vincent et al. 2006). Since post-acute rehabilitation individuals 
may encompass a range of diagnoses, it is likely that the BMI–FIM association 
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may vary within subgroups. The studies investigate whether a high BMI might 
actually impede the rehabilitation process after surgery or stroke and the gains in 
physical function (Table 4.2).

4.3.4 � Health-Related Quality of Life

Obesity is associated with impairment of health-related quality of life (HRQL) in 
psychological, social, and physical domains (Karlsson et al. 2007; Herpertz et al. 
2003). Factors reported to be associated with greater impairment of quality of life 
among treatment seeking obese patients include female sex (Kolotkin et al. 2001), 
higher BMI (Kolotkin et al. 2002), binge eating disorder, and psychopathology 
(Marchesini et al. 2003; Rieger et al. 2005). The metabolic syndrome and HRQOL 
were more strongly associated in obesity-specific QOL than in generalized QOL 
(Han et al. 2009). Different questionnaires were developed such as the Medical 
Outcome Survey Short-Form 36 (SF-36) and the Psychological General Well-
Being (PGWB). In 2002, the United States Task Force on Developing Obesity 

Table 4.2   Daily activities

Activities of daily living (ADL)
Definition: all daily self-care activities within an individual’s place of residence, in outdoor 

environments, or both. We include: personal hygiene, dressing and undressing, self feeding, 
functional transfers (getting into and out of bed or wheelchair, getting onto or out of  toilet), 
bowel and bladder management, ambulation (walking with or without use of an assistive 
device—walker, cane, or crutches—or using a wheelchair)

Evaluation: the ability or inability to perform ADLs as a measurement of the functional status of 
a person

Tools: Katz scale, Bristol scale
References: Katz et al. (1963), Bucks et al. (1996)
Instrumental activities of daily living (IADL)
Definition: instrumental activities of daily living are not necessary for fundamental functioning, 

but they let an individual live independently in a community. We include: housework, taking 
medications as prescribed, managing money, shopping for groceries or clothing, using the 
telephone or other form of communication, using technology (as applicable), transportation 
within the community

Evaluation: the ability or inability to perform IADLs as a measurement of the functional status of 
a person

Tools: Lawton IADL scale
References: Lawton and Brod (1969)
Functional independence measure (FIM)
Definition: assesses physical and cognitive disability. It is useful in clinical settings of 

rehabilitation
Evaluation: The scale includes 18 items, each of them is scored from 1 to 7 based on level of 

independence, where 1 represents total dependence and 7 complete independence. Possible 
scores range from 18 to 126. The 13 physical items can be scored separately from the 5 
cognitive items

References: Hamilton et al. (1987)
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Outcomes and Learning Standards (TOOLS) recommended, for the obese patient, 
the use of SF-36 or its 12-items version (SF-12). The SF-36 is frequently used to 
describe the health status and physical ability of people with numerous impair-
ments who are receiving physical therapy (McHorney et al. 1993). This question-
naire is a generic measure of HR-QOL, with high content and external validity. 
The questionnaire contains 36 questions grouped into 8 scales, and these scales are 
further clustered into the physical component summary (PCS) and mental compo-
nent summary (MCS). The PCS includes scales to measure physical functioning, 
role limitation—physical, bodily pain, general health. The MCS includes scales to 
measure role limitation—emotional, vitality, mental health, and social function-
ing. Other obesity-specific measures have been developed: Obesity-related prob-
lem scale (OP) was constructed to measure the impact of obesity on psychosocial 
functioning in everyday life (Karlsson et al. 2003); Obesity-related coping (OCQ) 
and obesity-related distress questionnaires (ODQ) define the impact of coping 
strategies and obesity-related distress (Ryden et al. 1999, 2001); Impact of weight 
on quality of life questionnaire (IWQOL) is a self-reported 74-item measure to 
assess the effect of weight along eight domains of functioning (Kolotkin et al. 
2002); Obesity adjustment survey-short form (OAS-SF) was constructed to assess 
the psychological distress of individuals who are morbidly obese (Butler et al. 
1999); short specific quality of life scale (OSQOL) is a self-reported 11-item ques-
tionnaire evaluating four dimensions: physical state, vitality, desire to do things, 
relations with other people, and psychological state (Le Pen et al. 1998); Obesity-
related well-being questionnaire (ORWELL 97) represents the intensity and the 
subjective relevance of physical and psychosocial distress (Mannucci et al. 1999); 
BAROS, designed to measure outcomes in the surgical treatment of morbid obe-
sity, is a self-reported seven-item instrument, evaluating three main areas; weight 
loss, improvement of medical conditions, and quality of life (Oria and Moorehead 
1998); BQL was developed to measure quality of life in relation to weight, 
weight-related comorbidity and surgery-related gastrointestinal symptoms (Weiner 
et al. 2005); Obesity and weight-loss quality-of-life (OWLQOL) instrument intend 
to be used together with the weight-related symptom measure (WRSM), self-
report measure for the presence and bothersome ness of symptoms associated with 
obesity (Niero et al. 2002). We recently evaluated the relation between HRQoL 
and disability: subjects with higher disability and HRQoL decrement were older 
and had higher BMI. Women were more likely to present moderate disability and 
reduction in HRQoL, while men more likely presented mild disability and HRQoL 
reduction (Sirtori et al. 2012).

Changes in generic and weight-specific quality of life scores are associated with 
weight loss. Wadden and Phelan (2002) reported that people who were obese had 
decreased physical functioning scores, as measured by the SF-36, and that weight 
loss improved HR-QOL scores, specifically in physical functioning. In particular, 
the percent changes in weight during a clinical trial of weight loss for 24 months 
were significantly associated with percent changes in the physical and mental com-
ponent scores of the SF-36. For every 5 % decrease in weight, the mental compo-
nent score increased by 3.21 % (p = 0.003), whereas the physical component score 
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increased by 1.43  % (p =  0.003). For every 5  % decrease in weight, the physi-
cal functioning subscale score increased by 2.30 % (p = 0.002), the role physical 
subscale score increased by 4.55 % (p = 0.001), the general health subscale score 
increased by 3.38 % (p = 0.001), the vitality subscale score increased by 9.38 % 
(p = 0.001), the role—emotional subscale score increased by  2.83 % (p = 0.024), 
and the mental health subscale score increased by 2.78 % (p = 0.009) (Mindi et al. 
2011). A review conducted by Teixeira et al. (2005) indicates that general measures 
of HRQoL, such as the SF-36, are not likely predictors of weight loss success, but 
weight-specific measures may have some predictive value.

A battery of generic and condition-specific measures was used for HRQL 
assessment in Swedish obese subjects (SOS) Quality of Life Survey (Sullivan et 
al. 2001), a controlled longitudinal trial of the health effects of weight loss before 
and at 0.5, 1, 2, 3, 4, 6, 8, and 10 years after bariatric surgery. The current health 
scale (CH), short version of the mood adjective check list (MACL), hospital anxi-
ety and depression scale (HAD), social interaction (SI) category from the SIP, OP 
show improvements and deteriorations in HRQL that were associated with the 
magnitude of weight loss or regain, except regarding anxiety. Peak improvements 
in the surgical group were observed during the first year of weight loss, whereas 
the weight regain phase (mainly between 1- and 6-year follow-up) was accompa-
nied by a gradual decline in HRQL. Long-term results of the study suggest that a 
maintained weight loss of about 10 % is sufficient for positive long-term effects on 
HRQL (Karlsson et al. 2007) (Table 4.3).

4.3.4.1 � The Obesity-Related Disability Questionnaire

In 2009, the Italian Society of Obesity (SIO) developed a new scale for assessing 
disability correlated to obesity in adult populations, the short-form questionnaire 
the Obesity-related Disability test (Test SIO Disabilita` Obesita` Correlata, TSD-
OC) (Donini et al. 2010). It is composed of 36 items divided into seven sections 
(pain: 5 items; stiffness: 2 items; ADL and indoor mobility: 7 items; housework: 
7 items; outdoor activities: 5 items; occupational activities: 4 items and social 
life: 6 items); each item was evaluated on a 0–10 visual analogue scale (VAS), 
where 10 indicates the highest level of disability and 0 no difficulties in perform-
ing the task. The ‘disability scores’ as the sum of each item’s raw score divided 
by the maximum possible score, expressed as a percentage according to the fol-
lowing linear transformation: (raw score/max score) × 100. In a validation study, 
significant low to moderate correlations between TSD-OC, SF-36 scores, 6MWT, 
and grip strength were observed and a total of 26 ICF categories were linked, 
mostly related to the area of mobility (Donini et al. 2011). In a group of 355 obese 
patients we defined the disability levels (low, medium, and high) and we found 
that after a short-term, intensive multidisciplinary rehabilitation program register-
ing a 5 % BMI reduction, TSD-OC is sensitive to change in improving functional 
status with higher functional improvement for younger individuals with higher 
level of obesity (Precilios et al. 2012).
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4.3.5 � Work Disability

Although occupational disability is a great burden to the individual and extremely 
costly to the society in countries with an established welfare system, only recently 
the role of obesity as a risk factor for occupational disability has been addressed 
(Capodaglio et al. 2010). Obesity increases the risk of work disability mainly due 
to osteoarthritis and other obesity-related health consequences, including coro-
nary heart disease, limiting work ability, and eventually leading to work disability 
(Claessen et al. 2009, 2012). In a previous study (Scott et al. 2006), increasing 
obesity was associated with decreasing odds of workforce participation, with 
Classes I, II, and III obesity having odds ratios (95 % confidence interval) of 0.94 
(0.89–0.99), 0.85 (0.77–0.94), and 0.66 (0.57–0.78), respectively. This associa-
tion appears to be independent of associated comorbidity and sociodemographic 
factors. Recently, fast-food meals were associated with decreased productivity in 
men (P = 0.038, independent of BMI). The results suggest that obesogenic dietary 
behaviors and higher BMI are associated with decreased QOL and productivity of 
different degrees in women and men (Cash et al. 2011). A preliminary investiga-
tion on the impact of obesity-related disability among different job categories has 
been recently published (Bogni et al. 2011) and tools already used for evaluating 
mental and physical areas of concern during occupational tasks (The Job Content 
Questionnaire by Karasek) are currently under investigation in obese workers 
(Brunani et al. unpublished data).

4.4 � Conclusions

The identification of critical areas and specific disabilities in obese patients might 
facilitate the introduction of more effective person-centered measures, either in 
the long term, such as lifestyle modifications, or in the short–medium term, such 
as rehabilitative interventions. All together this could promote better health out-
comes. Furthermore, specific tools designed for assessing obesity-related disability 
can more clearly identify factors that are responsible for the onset and mainte-
nance of obesity disability in order to develop targeted rehabilitation programs as 
well as public health programs to reduce the impact and social cost of obesity.

The multidisciplinary approach, supported by ICF bio-psycho-social model, is 
the first-choice strategy for evaluating the obesity-related disability. Using specific 
disability measures for obesity requires in fact a multidisciplinary approach, since 
disability is multifaceted, ranging from motor and mobility to energetic and cardi-
orespiratory disabilities. The TSD-OC appears a tool able to measure the aspects 
of disability described by obese subjects: in particular, the TSD-OC proved to 
be significantly correlated with functional (grip strength and distance walked in 
6 min) and QoL parameters (SF-36). The TSD-OC showed better correlations with 
the SF-36 items related to physical component, although a significant correlation 



CORRECTED P
ROOF

714  The Obesity-Related Disability

was also found with the items describing the mental health component (Donini et 
al. 2011), suggesting that disability in obesity is not only a physical issue. Its use 
within a multidisciplinary assessment should be implemented by specific instru-
ments able to establish the role of environmental factors. This new scale may rep-
resent an important instrument for the description of obesity-related disability and 
for planning and measuring the effectiveness of rehabilitation programs in obese 
subjects. A longitudinal study (Precilios et al. 2012) has shown its sensitivity to 
change at different time points. However, this and other instruments need to be 
further tested in multidisciplinary rehabilitation programs for monitoring health 
outcomes as well as for planning interventions on environmental factors that can 
reduce the impact of disability.
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Abstract  The severely obese patient with disabling conditions is a “complex” 
patient, whose nursing imposes higher loads for healthcare providers than assist-
ing normal-weight patients. Four main critical aspects related to bariatric nursing 
arise: (a) the need for adequate figures of healthcare providers, (b) the concern for 
both the patient’s and the provider’s safety, (c) the lack of bariatric equipment, (d) 
the patient-professional relationship, both at personal and professional level. Being 
consistently present in the Unit and responsible for the patient’s physical and psy-
chological needs, the nurse represents the reference professional. The different 
levels of nursing interventions in bariatric patients and their critical aspects are 
described in the chapter. Caring for those patients implies higher biomechanical 
risks for the healthcare provider. Patients handling algorithms, the specific class of 
equipment with expanded capacity and the specific environmental considerations 
for hospitals admitting bariatric patients are discussed. The healthcare operators 
should be consistently educated and updated about biomechanics of movements 
and postures, and the use of technological aids. Being organizatively and cultur-
ally unprepared for admitting those patients aggravates the level of risk of injuries 
both for the healthcare provider and the patient.
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5.1 � Introduction

There has been in the past years a noticeable increase in the number of admissions 
due to obesity to healthcare facilities. Nursing of such patients imposes higher 
loads for healthcare providers than assisting normal-weight patients (VISN8 2007; 
Hahler 2002). An exhaustive assessment of the complexity of nursing should take 
into account three fundamental elements of the severely obese patient: (1) clini-
cal stability/instability, (2) capacity to perform tasks independently, (3) adequate 
solutions for the patient and the rehabilitation team. According to the Agency for 
Health Care Research and Quality (AHRQ) in the US, we can define as “com-
plex” a patient affected by two or more chronic conditions which could mutually 
influence their outcome, by limiting life expectancy or the use of full therapeu-
tic dose because of contraindications, etc. Given the frequency of existing comor-
bidities, we can define the severely obese patient with disabling conditions a 
“complex patient”. To measure this complexity we should use multiple specific 
tools to grade the severity of obesity (BMI) and the functional consequences of 
the comorbidities (specific disability scales, see Chap. 4 of this book). From the 
organizational perspective, it should be borne in mind that nursing bed-ridden 
obese patients is more time-consuming than assisting lean patients, particularly in 
demanding tasks such as bodily hygiene, where nurses can spend up to twice the 
time. This represents a challenge to healthcare providers striving to provide digni-
fied care that is effective and safe for both the patient and the provider. Besides 
that, even more independent obese patients require assistance also in numerous 
activities of daily living (Muir and Archer-Heese 2009). From a review of the 
specific literature, four main critical aspects related to bariatric nursing arise: (a) 
the need for adequate figures of healthcare providers, (b) the concern for both 
the patient’s and the provider’s safety, (c) the lack of bariatric equipment, (d) the 
patient-professional relationship, both at personal and professional level (Drake  
et al. 2005; Rose et al. 2006).

5.2 � Role of the Nurse

Nurses collaborate within the rehabilitation team in the development of a rehabili-
tative individual project in order to identify the needs related to the patient’s dis-
ability and to promote independence in activities of daily living. Information about 
the on-going rehabilitative project should be consistently provided by the nurse to 
the patient throughout the rehabilitation stay.

Obese persons are often stigmatized and have to cope with different forms of 
discrimination and prejudice: the Stigma Situations Questionnaire revealed that 
“comments from children”, “negative assumptions by others”, and “physical barri-
ers” were among the negative perceptions experienced by extremely obese individ-
uals referred for bariatric surgery (Sarwer et al. 2008). Even hospitals and medical 

http://dx.doi.org/10.1007/978-3-642-35972-9_4
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settings are not immune to negative attitudes toward these patients (Puhl and 
Brownell 2001). Such attitudes could influence the quality of care and healthcare 
professionals tend to devote inadequate time to overweight patients, despite sci-
entific guidelines underlining the importance of providing information to improve 
the patients’ lifestyles. This can be a source of frustration (Mercer and Tessier 
2001) with negative impact on quality of life (Kolotkin et al. 2001). Obese patients 
have a distorted perception of body image with consequent social handicap. This 
represents a problem which needs to be addressed and the nurse should acquire 
competences to help the patient strengthening his/her social skills and promoting 
social interaction and also to create mutual trust and a comfortable environment 
for the patient to make him/her adhere to the rehabilitation program (Golay et al. 
2003; Latner 2001). Being consistently present in the Unit and responsible for his/
her physical and psychological needs, the nurse represents the reference profes-
sional for the patient. Therefore, he/she should encourage and motivate the patient 
to health-wise virtuous behaviour promoting positive attitudes toward personal 
health and well-being. The nurse should have a holistic approach to the patient, 
helping him/her to maximize independence, quality of life and well-being. A trust-
worthy relationship with patients who lack of self-esteem is not an easy achieve-
ment. It is important that the nurse respects the following principles: relationship 
with patients based on trust, loyalty, and transparency; consistent positive attitude, 
availability, and coherence; counselling and education of patient and caregivers; 
stimulation of new abilities and capacities in the patient; empowerment of the 
patient.

5.3 � Levels of Nursing Interventions

5.3.1 � Self-Care

When the patient is partially dependent in self-care, the nurse has to define his/her 
capacity in the different areas of feeding, personal hygiene, dressing, toileting, to 
stimulate improvements in independence. Difficulties in personal care and hygiene 
are mainly due to movement limitations or secondary to architectural barriers or 
lack of perceived need for hygienic care. The interventions planned by the nurse 
range from ergonomic adaptations of the environment to the assistance in execu-
tion of hygienic care tasks. The nurse provides the minimum degree of supervi-
sion or direct assistance needed by the patient to safely and correctly perform 
daily tasks. Personal hygiene is often hindered by the excessive body mass and 
the deep skin folds, specially in part of the body which are not easily accessible 
to inspection: perineal, breast, abdominal, and lower limb folds are common sites 
for developing pressure sores and skin conditions. To provide adequate hygiene, 
an adequate number of healthcare providers and bariatric aids are needed (Holland  
et al. 2001).
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5.3.2 � Mobility Limitations

Walking, capacity of negotiating stairs, transferring from bed or moving around 
with the wheelchair, using the toilet and the shower are impaired in the severely 
obese patient. To counteract these mobility limitations, the nurse, together with 
the rehabilitation team, should evaluate architectural barriers, plan and perform 
postural changes in bed, educate to the correct use of aids and to injury and fall 
prevention. Reduced tolerance to physical activity in obese subjects can also be 
related to mechanical breathing difficulties and early fatigue. The nurse together 
with physiotherapists and adapted physical activity specialists should help promot-
ing physical activity bouts on a daily basis, teaching “energy saving” and “joints 
unloading” techniques to increase activity levels and tolerance to effort. Reduced 
tolerance to effort can hinder the execution of basic daily activities, and simple 
gestures such as leaning forward to pick up objects, reaching upwards, lacing 
shoes may become very difficult.

5.3.3 � Risk of Fall

Risk of fall is higher in obese patients as compared to their lean counterparts and 
mainly due to instability and excess of body mass (Menegoni et al. 2009). High 
scores on specific balance scales (i.e., a score >2 on the Conley scale) document 
the increased risk of fall in these patients. The nurse, together with the occupa-
tional therapist, should plan dedicated prevention and education interventions for 
patients and relatives/care givers. Teaching patients how to perform steadily and 
safely postural changes, how to use toilet/shower/tub are crucial aspects of these 
interventions. The nurse should also monitor and assist patients treated with diu-
retics or laxatives, specially at night time. Educating to the correct use of trans-
ferring and mobility aids is a very important duty of nurses and physiotherapists. 
As for risk of falls, patients have to be reminded to use non-slippery shoes and 
to avoid brisk movements and postural changes, architectural barriers should be 
removed and adequate night lighting provided.

5.4 � Management of Comorbidities

5.4.1 � Diabetes

Obese patients often present with diabetes. It is important that the nurse monitor 
glycemia in order to capture signs and symptoms of hypo/hyperglycemia, evalu-
ate hydration, pharmacological therapy and nutrition. Specifically, the nurse edu-
cates the patient to inspect the skin and the eventual diabetic foot, to self-monitor 
glycemia, to correctly adhere to the hypoglycemic therapy, to follow a correct 
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nutritional scheme, to accomplish consistent exercise bouts and to recognize early 
signs and symptoms of hypo/hyperglycemia.

5.4.2 � Skin Conditions

Among the associated conditions, the risk of infection and skin conditions, such 
as dermatitis, ulcers, and delayed cicatrization play an important role. A literature 
review in obesity revealed the following data: the facility-acquired pressure ulcer 
rates for critical care units range between 7.14 and 14.5 %; a score of 10 to 12 on 
the Braden scale (Bergstrom et al. 1998) indicates that a patient is at high risk for 
developing a pressure ulcer; alteration in pressure and microclimate can cause skin 
breakdown. A possible “High Risk for Pressure Ulcer Protocol” suggested some 
strategies: use fewer barriers between the critically ill patients and bed to reduce 
friction; use a flat sheet instead of the fitted sheet. Use a moisture wicking under-
pad, instead of the heavy pink pads, to reduce friction and  enable easier move-
ment of the patients. Reposition patient by sliding flat sheet along a maximum 
inflated mattress (Racco and Phillips 2010).

5.4.3 � Incontinence

Incontinence correlated to obesity also needs to be assessed. It is usually related to 
high intra-abdominal pressure, but can also be related to external factors, such as 
difficulty of sitting on an adequately sized commode. Bladder catheterism can also 
be more difficult than normal-weight patients.

5.4.4 � Sleep Apnea

Medical management of severely obese patients include an assessment for sleep 
apnea (OSAS). Patients with OSAS require assisted ventilation at night, which 
may improve a range of aspects of quality of life, related cardiac arythmia, hyper-
tension, daily drowsiness with the related risks at work and during driving. C-PAP 
or BI-PAP treatment implies that the nurse together with physiotherapists choose 
the most suited facial or nasal mask and help the patient understand the impor-
tance of ventilation in order to achieve a satisfactory quality of life. Compliance 
to ventilation and management of all the components of the device at home should 
also be part of the assessment. The nurse should check the patient’s position dur-
ing sleep, the correct adhesion of the mask to the face to avoid ineffective ventila-
tion and prevent pressure sores. Effectiveness of ventilation has to be measured 
with oxygen saturation level at night and eventually oxygen therapy can be added 
to ventilation. Cardiac arythmias should be excluded with Holter ECG recordings.
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5.5 � The Nursing Assessment

At admission, the nurse is responsible of defining the health status and the 
problems of the bariatric patient in order to identify targeted nursing interven-
tions. In general, the initial assessment aims at defining the patient’s status and 
independence and the healthcare goals. The chart (Table 5.1) helps ranking the 
complexity of nursing tasks (Cavaliere and Snaidero 1999). The nurse collects 
the patient’s medical and personal history, including habits, available social 
and family contacts, by means of standard templates for planning (Carpenito-
Moyet 2010). The next phase is the execution of effective nursing interven-
tions targeted to the achievement of the goals set. Parameters of effectiveness 
are chosen and monitored during the rehabilitation period. The main aspect 
remains the centrality of the patient: standardized programs have not shown 
to be equally effective as individual programs. The program must also adapt 
to the changes in patient’s ability which may change daily in acute care set-
tings. The evaluation phase then describes whether the outcomes are in line 
with what previously planned, thus allowing eventual changes in the health-
care plan.

5.5.1 � Patient’s Assessment

Vital parameters including oxygen saturation should be measured and the observa-
tion of skin, teeth, tongue, hair conditions carried out. Body weight and BMI are 
measured the day after admission and at least once a week. Patient’s reaction to 

Table 5.1   Indicator of complexity of nursing tasks

Needs Medium–low 
complexity

Medium complexity Medium–high 
complexity

High complexity

Feeding/hydration
Urinary/bowel function
Hygiene
Transferring
Breathing
Cardiocirculatory 

function
Therapeutic procedures
Diagnostic procedures
Social relationships
Rest and sleeping

Range complexity (21–77): Medium–low 21–29; Medium 30–36; Medium–high 37–45; High 46–77
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measurement are monitored (anxiety and strategies adopted according to the value 
measured). The interview should also provide information about: type of eventual 
surgical procedure, post-surgical wound status, qualitative and quantitative food 
intake, presence of feeling rituals and phobias, binge eating.

Physical (weight, size, center of mass position, abnormal distribution of 
masses), psychological (collaboration, mood, motivation), and clinical character-
istics of the patients affect the approach of the healthcare provider and safety of 
the tasks performed. Those characteristics orientate the choice of intervention and 
level of assistance (number of operators, time, number of transferring, etc.). The 
following points should be carefully evaluated both during the admitting assess-
ment and on a regular basis:

•	 BMI: if >35 risk of injury increases both for operator and patient; if >45 refer to 
specific bariatric handling program

•	 weight distribution can severely affect safety and manoeuvres the patient is 
able to perform and is crucial in choosing appropriate aids

•	 collaboration during the manoeuvre
•	 weight-bearing capability on the lower limbs. Incapacity to bear weight on 

the legs increases the risk of fall for the patient and of injury for the operator. 
Mechanical aids can alleviate the problem and a targeted strengthening program 
should be initiated

•	 upper limb strength, which is needed in various manoeuvres (lean and push for 
performing sit-to-stand, grab handles, lean on aids for balance)

•	 capacity to understand instructions and simple commands, which are needed 
when collaborating to manoeuvres

•	 pain (i.e., presence of wounds, contractures, etc.) can affect the manoeuvre and 
limit movements causing an extra-effort for the operator, who in turn should 
know in advance where pain is localized in order to reach comfortable positions 
for the patient

•	 orthostatic hypotension or anxiety should be borne in mind, since its presence 
suggests cautious and slow movements

•	 tolerance to effort is reduced in obese patients, who may suddenly feel the need 
to sit down or find support, thus increasing the risk of fall

•	 respiratory problems can become more evident during manoeuvres with aids 
and in certain positions (Twedell 2003); this can increase anxiety in patients 
who may respond with brisk reaction movements

•	 orthopedic conditions (hip, knee replacements, etc.) require avoiding manoeu-
vres at risk of dislocating the joint, but also amputations, osteoporosis, spine 
instability require special attention

•	 neurological conditions (i.e., paralysis post-stroke, multiple sclerosis, etc.) 
require careful evaluation.

The overall evaluation of the patient at admission and during the hospital stay 
can only stem from the competent vision of the operator considering the above-
mentioned points and it cannot merely result from the calculation of a numeric 
score.
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5.5.2 � Critical Measurements

5.5.2.1 � Measuring Blood Pressure

Measuring blood pressure with standard-size cuffs (13  cm-wide, 32  cm-long) is 
one of the most common causes of error in the indirect measurement of blood 
pressure. The cuff should be wrapped round the intermediate part of the nondomi-
nant upper limb. Specific bariatric cuffs (15 cm × 30–35 cm) should be used.

5.5.2.2 � ECG Recording

ECG recording can be difficult because the adipose tissue in the thoracic region hin-
ders the correct positioning of the electrodes on the anatomical landmarks. Abnormal 
positioning can indeed lead to formulate wrong diagnoses. Copious sweating and 
large breasts can also hinder electrodes positioning. The supine position is often 
uncomfortable and dyspnoea may arise, also as a result of anxiety and mechanical 
difficulty in breathing, with secondary abnormalities or artifacts on the ECG tracks.

5.5.2.3 � Measuring Body Weight, Height, Waist Circumference,  
and BMI

Measuring body weight, height, waist circumference, and BMI is crucial to define 
the nutritional status. Body composition (lean mass, fat mass, water), as assessed 
by bio-impedentiometry, should also be measured. Body weight can be measured 
with both electronic and mechanic weighing scales: floor-mounted standard scales 
with lateral supports for measuring weight in standing position, chair- or bed-
scales, lifts with built-in scales. The choice of equipment depends on the patient’s 
residual functional capacities and the frequency of measurements. The following 
points should be addressed when weighing patients:

•	 fully inform them
•	 weighing in the morning before breakfast and always at the same time and 

under the same conditions
•	 help them to get undressed and onto the scale
•	 avoid leaning on any surface other than the scale during the measurement
•	 include aids when weighing patients who regularly use canes, walkers, or braces.

5.5.3 � Patient Handling Algorithms

The bariatric handling program aims at standardizing modalities of care among health 
professionals during the hospital stay, providing scientific background for the health-
care modalities. This facilitates the choice of intervention, equipment ,and the number 
of healthcare operators (Baptiste et al. 2008). The program must be related to work 
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organization (i.e., adequate number of operators in the shift) and technology assess-
ment (i.e., adequate number of effective aids). The policy of the hospital/institution 
should therefore be in this line and aimed at minimizing risk and optimizing quality 
of care (Cowley and Legget 2011). Essential specific components of a bariatric patient 
handling program include the following (Muir and Archer-Heese 2009): patient assess-
ment tools, operational procedure and patient handling algorithms and guidelines, 
equipment needs, space and environment considerations, staff training and education 
including promotion of a safety culture. Safe patients handling programs are available 
online at Patient Care Ergonomics Resource Guide, Veterans Administration (2006) 
or www.visn8.med.va.gov/patientsafetycenter (see Ref. Safe bariatric patient han-
dling toolkit.VISN 8 Patient Safety Center of Inquiry, Tampa, FL, 2007). Algorithms 
for the operators have been developed since 2001 (Patient Safety Center of Inquiry, 
Tampa FL) to help selecting the safest modality of handling based on the patient’s 
characteristics. These algorithms address issues related to body mechanics and patient 
handling ergonomics and provide a sequential approach to asking questions related to 
patient abilities, the answers of which guide the healthcare provider in making the saf-
est patient handling decision. There are various algorithms available in the literature 
for different types of patient’s handling (Nelson 2006). As an example, two of them 
are reported in Figs. 5.1 and 5.2. The operator should not only know how to use the 
available equipment but also be able to assess their appropriateness according to the 
patient’s characteristics. This will guarantee the patient adequate assistance according 
to his/her functional level. The key point is to avoid manual handling as much as pos-
sible and encourage patient’s collaboration and participation, also by using adequate 
aids. By referring to algorithms, operators can minimize the risk of musculoskeletal 
injury related to handling of bariatric patients. They serve to standardize practice in an 
evidence-based modality, avoiding individual experience-based behaviors and guiding 
the operator in planning interventions. The algorithms are particularly recommended 
when assisting bariatric patients with BMI > 45, where risk is elevated and planning in 
advance is mandatory. They allow to check the requisites for a safe manoeuver (type 
of device, number of operators, number of phases, compatibility with spaces, etc.) and 
avoid errors due to negligence or improvisation. Specific algorithms refer to: vertical 
transferring (i.e., bed-chair, chair-WC, wheelchair-car seat, etc.), lateral transferring 
(bed-stretcher), repositioning in bed or in the wheelchair, moving body parts to access 
certain areas (abdomen, lower limbs, etc.), transport with stretcher, hygiene tasks.

5.6 � Settings of Care

The different reasons why the obese patients have to be admitted to various set-
tings are:

•	 any acute condition, in the emergency and accident unit, or admission for rou-
tine procedures or treatment (e.g., cardiac or abdominal surgery)

•	 managing patients who are obese in the intensive care unit is associated with a 
variety of problems; few data are available and most information are extrapo-
lated from the bariatric surgery literature. Jbeili et al. (2007) described increased 

http://www.visn8.med.va.gov/patientsafetycenter
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difficulties in airway management, peripheral cannulation, and blood pressure 
recording in a pre-hospital study. After hospital admission, handling of obese 
patients need an additional rescuer for 33 % of patients transported to hospital 
and 47  % of bariatric patients had a reduced access to specialized diagnostic 

Can
patient
bear

weight?

Fully

Is the
patient

cooperative?

Bariatric stand assist lift
(minimum of 2 caregivers)

OR
Bariatric full body

sling lift
(minimum of 2 caregivers)

Partially or No

Bariatric full body
sling lift (minimum

of 3 caregivers)

Does the patient
have upper extremity

strength?

Fully

Use seated bariatric
transfer aid; may use
sliding board until the
patient is proficient in
completing transfer

independently (minimum
of 2 caregivers)

Fully

No

For seated transfer aid, must have chair with arms that recess or are
removable.
Bariatric toileting slings are available for toileting.
Bariatric bathing mesh slings are available for bathing.
Note that a standard porcelain toilet typically has a weight limit of 350
pounds; the patient may need a bariatric commode chair or steel toilet.
In older lifts, more effort is neeed to place the sling undert the patient,
which may require a minimum of 3 caregivers.

 Stand-by for safety
as needed*

Start Here

Partially or No

rev. 1/3/06

*       Stand-by for safety.  In most cases, if a bariatric patient is about to fall, there is very little that the caregiver can do to prevent the fall. The
        caregiver should be prepared  to move any items out of the way that could cause injury, try to protect the patient's head from striking any
        objects or the floor and seek assistance as needed once the person has fallen.

If patient has partial weight-bearing capability, transfer toward stronger side.
Consider using an abdominal binder if the patient s abdomen impairs a patient handling task.
Assure equipment used meets weight requirements. Standard equipment is generally limited to 250-350 lbs. Facilities should apply a sticker
to all bariatric equipment with  EC  (for expanded capacity) and a space for the manufacturer's rated weight capacity for that particular
equipment model.
Identify a leader when performing tasks with multiple caregivers. This will assure that the task is synchronized for increased safety of the
healthcare provider and the patient.
During any patient transferring task, if any caregiver is required to lift more than 35 lbs of a patient's weight, then the patient should be
considered to be fully dependent and assistive devices should be used for the transfer .

Fig.  5.1   Bariatric algorithm 1: bariatric transfer to and from: bed/chair, chair/toilet, or chair/
chair. Rev. 1/3/06
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and therapeutic devices (Geary and Collins 2012). Obese trauma patients need 
oversized or dual backboards, cervical collars to maintain cervical spine stabili-
zation. Sandbags, blanket rolls, and tape are alternate resources that can be used 
for neck stabilization (VanHoy and Laidlow 2009)

•	 surgical treatment of obesity (Mulligan et al. 2005):

Can
patient
assist?

Caregiver assistance not needed; patient may/
may not use weight-specific positioning aid

Partially or No

When pulling a patient up in bed, place the bed flat or in a Trendelenburg position (if tolerated and not
medically contraindicated) to aid in gravity; the side rail should be down.
Avoid shearing force.
Adjust the height of the bed to elbow height.
Mobilize the patient as early as possible to avoid weakness resulting from bed rest. This will promote patient
independence and reduce the number of high risk tasks caregivers will provide.
Consider leaving a friction-reducing device covered with drawsheet, under patient at all times to minimize risk to
staff during transfers as long as it doesn't negate the pressure relief qualities of the mattress/overlay.
Use a sealed, high-density, foam wedge to firmly reposition patient on side. Skid-resistant texture materials vary
and come in set shapes and cut-your-own rolls. Examples include:

Dycem (TM)
Scoot-Guard (TM): antimicrobial; clean with soap and water, air dry.
Posey-Grip (TM): Posey-Grip does not hold when wet. Washable, reusable, air dry.

Bariatric ceiling lift with
supine sling, air-assisted

device or friction reducing aid
(minimum of 3 caregivers)

Start Here

Is patient
cooperative?

Partially or No

Bariatric ceiling lift with supine sling, air-assisted
device or friction-reducing aid
(minimum of 2-3 caregivers)

Fully

Fully

If patient has partial weight-bearing capability, transfer toward stronger side.
Consider using an abdominal binder if the patient's abdomen impairs a patient handling task.
Assure equipment used meets weight requirements. Standard equipment is generally limited to 250-350 lbs.
Facilities should apply a sticker to all bariatric equipment with  EC  (for expanded capacity) and a space for the
manufacturer s rated weight capacity for that particular equipment model.
Identify a leader when performing tasks with multiple caregivers. This will assure that the task is synchronized for
increased safety of the healthcare provider and the patient.
During any patient transferring task, if any caregiver is required to lift more than 35 lbs of a patient s weight, then the
patient should be considered to be fully dependent and assistive devices should be used for the transfer.

rev. 1/3/06

Fig. 5.2   Bariatric algorithm 3: bariatric reposition in bed: side-to-side, up in bed. Rev. 1/3/06
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Preoperative Care
	 Preoperative nursing care should include a comprehensive admission assessment, 

identification of the patient’s support system, and education of the patient and 
family about the surgery and postoperative care. Other responsibilities include 
ensuring a safe physical environment; protecting patient privacy; providing size-
appropriate materials (e.g., patient gowns); helping patients with activities of 
daily living, especially those that are made more difficult because of severe obe-
sity; taking vital signs; checking laboratory work; and ensuring the completeness 
of paperwork. Nurses carry out a wide range of preoperative responsibilities.

	 The nursing assessment should include special factors that affect positioning, 
physical limitations, and skin condition. Hahler (2002) has suggested that skin 
evaluation should include careful assessment of all skin folds. Data indicate 
that measures to prevent intraoperative injury to the patient should be part of 
the nursing care plan (Graling and Elariny 2003; Barrow and Roux-en 2002). 
Preoperative nurses should obtain appropriate sizing criteria for application of 
antiembolic stockings and appropriate sized sequential compression.

Perioperative Care
	 The nurse’s assessment should help to secure an appropriate bed designed to 

facilitate recovery and to ensure the safe transfer of the patient to the operat-
ing room. Careful consideration with respect to preoperative sedation should be 
taken if the patient must ambulate to the operating table or play a more active 
role in the transfer process. Graling and Elariny (2003) suggest that nurses 
should be prepared to review the planned procedure with the patient and provide 
the patient with ample opportunity to ask questions.

Intraoperative
	 Nurses involved in abdominal prep should give special attention to manipulating 

between the skin folds and under the panniculus. The risk for postoperative sur-
gical infection is higher in weight loss surgery patients. Nurses must be prepared 
to administer all necessary medications, including: antibiotics, heparin or low-
molecular weight heparin, prophylactic antiemetics, H2 blockers, sedatives, and 
intravenous fluids. In dealing with severely obese patients, proper drug absorp-
tion can be an issue if medications are administered using the subcutaneous or 
intramuscular route. The environment requires nurse managers to assess the need 
for extra staff: it may take as many as three staff members to retract the pannicu-
lus and thighs for urine catheter insertion. Extra assistance may also be neces-
sary to position and place extra electrosurgical unit grounding pads to prevent 
burns.

Post-anesthesia Care Unit
	 Davidson et al. (2003) have noted that safe transfer of an unconscious patient 

may require the efforts of up to five trained staff members. Blackwood (2004) 
has reported the need to pay special attention to airway stability, hemodynamic 
stability, and pain management in severely obese patients. Davidson et al. 
(2003) have reported that the head of the patient’s bed should be maintained 
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at 35–40° angle to reduce abdominal pressure and increase tidal flow. Voelker 
(2004) has noted that severely obese patients are at heightened risk for quick 
oxygen desaturation and require close monitoring. Barrow and Roux-en (2002) 
has demonstrated the need to recognize lipophilic drugs that would place 
patients at risk for resedation. Sandlin (2003) has also described the need for 
increased awareness regarding over-sedation of severely obese weight loss 
surgery patients. The same author has reported the need for nurses to assess 
weight loss surgery patients for postoperative nausea and vomiting; in the 
case of gastric banding, prevention and/or treatment of postoperative nausea 
or vomiting could prevent band slippage. Sullivan (2004), Ferraro (2003) and 
Davidson et al. (2003) have documented various ways to transfer weight loss 
surgery patients, including use of a transfer mat or board or the use of several 
trained staff to transfer the patient laterally. These authors have reported that 
passive and active range of motion exercises are imperative for weight loss 
surgery patients who are bedridden on a long-term basis. The nurse is respon-
sible for monitoring patients according to hospital standards of care.

Discharge and Follow-Up
	 Patients are typically discharged on postoperative day 3 or 4 but may require more 

monitoring due to risk from obesity-related comorbid conditions (Blackwood 
2004; Gallagher 2004). Collaboration among providers is necessary in planning a 
course of care for these patients. The important area of assistance are: local medi-
cation for the risk of wound dehiscence; diets considerations particularly to drink 
and to eat dry meats and nutritional implementation for deficit nutrient absorption, 
drug administration with alternative ways (intravenously or intramuscular).

•	 managing obesity in primary care
	 primary care is generally first level healthcare approach (usually provided by 

generalists rather than specialists) with an orientation to prevention and health 
promotion. The lifestyle-related interventions for obesity may be suitable for  low 
technology prevention activities for nurses. In a previous review, it is reported 
that nurses’s role mainly consists in providing one-to-one support to within sur-
gery or clinic consultations and to a lesser extent group-based support sessions. 
The interventions could be characterized as general oral advice about nutrition 
and lifestyle. In some contexts, oral advice extended to calorie deficit diets and 
more developed referral options about physical activity. The evidence of positive 
outcome is mixed and around 10 % of patients entering a nurse led support pro-
gram achieve a clinically significant weight loss (Brown and Psarou 2007).

5.7 � Equipment

Despite increasing numbers of obese patients admitted to acute care facilities for 
surgery or treatment of nonsurgical conditions, there is little evidence of the prob-
lems nurses face in providing care to these patients. In a previous study, nurses 
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reported concerns about the increased staffing needs for care obese for such nor-
mally simple tasks as catheterizing, turning, and ambulating and in particular the 
availability, placement in adequate room size, and use of specialized equipment. 
Finally, nurses perceived safety issues, both for themselves and their patients 
(Drake et al. 2005).

Bariatric is the specific class of equipment with expanded capacity, in contrast 
with standard equipment for normal-weight patients. It should accommodate body 
weight up to 500 kg as compared to a standard weight of 270 kg. Hospitals should 
either possess such equipment or they should be able to have them available within 
8 h from the patient’s admission, providing that there is enough space in the hos-
pital room for their effective use. The aim of using this equipment is to reduce 
biomechanical load on the exposed operators and increase level of safety during 
patients’ handling. They are mostly used when patients are dependent or the load 
imposed to the operator is excessive, but also when patients are partially collabo-
rating, thus supporting their residual functional capacities and minimizing the load 
for the operator. The versatile equipment available in the market requires knowl-
edge and competence from the operators, who should be instructed to proper use. 
Familiarity with the equipment is fundamental, but also operators should take part 
in the continuous research process toward the development of simple and effective 
aids. The indication of the maximum load should be present on each equipment to 
avoid improper and risky use. The equipment should be able to accommodate size 
and mass distribution (width and depth of the seat for both androgyn and gynoid 
obesity) under safe and comfortable conditions (Muir and Archer-Heese 2009). 
This equipment will include:

•	 electric adjustable bariatric bed,
•	 stretcher with extra width,
•	 lift system,
•	 full body sling, thoracic belt (to be used with sit-stand lift) and specialty sling, 

such as limb sling and pannus slings,
•	 low-air-loss pressure reducing mattress for comfort, easy of bed mobility, and 

prevention of pressure sores,
•	 lateral transfer device (i.e., inflatable air mattress with handles),
•	 trapeze bar system over the bed,
•	 wheelchair,
•	 walking aids,
•	 sit-to-stand device,
•	 commode up to 42 inches wide,
•	 shower chair or shower stretcher.

Other equipment considerations include patient-care supplies. A readily avail-
able bariatric cart supplied with the following items allows for a smoother admis-
sion and provides better and more dignified care: larger hospital gowns, pants, 
housecoats, slippers, blood pressure cuffs that will fit around a bariatric arm, 
longer needles, and catheters. As for compressive elastic socks, garments, and bed-
dings should be adequately sized.
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5.7.1 � Bariatric Beds

Bariatric beds (Fig. 5.3a–b) are designed to multi-task and accommodate weight 
up to 500  kg. Electric adjustable bariatric beds have power-assisted drive for 
moving and a built-in weigh scale; an expandable deck allows for the deck of the 
bed to be pushed inwards to allow the bed to pass through doorways, and then 
increased in width once in a room, to provide adequate support for the patient. 
Bed dimensions are important not only to accommodate the patient’s body but also 
to allow he/she to collaborate to the manoeuver (i.e., rotating on the side while 
changing from the lying to the sitting position) and minimize nurse reaching dis-
tance (Holland et al. 2001). Lateral sides of the bed favor patient’s independence 
providing a stable support. As for manoeuvrability, the structure of the frame 
(lightness, compactness, dimensions), the wheels (materials, dimensions, number, 

Fig.  5.3   Bariatric beds adjusted in the chair position a Bariatric bed with expandable deck 
which allows for transport functions; swiveling padded supports serve for weight distribution of 
limbs and for preventiove pressure relief b A chair-convertible bed with handles which facilitate 
postural changes c (from: http://www.hillrom.com, http://ww.camtecproducts.com, http://wwwkc
i1.com)

http://www.hillrom.com
http://ww.camtecproducts.com
http://wwwkci1.com
http://wwwkci1.com
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disposition), and the handles (conformation, dimensions, orientation, materials) 
are of particular importance. The presence of a fifth wheel facilitates manoeuvra-
bility. Brakes, either activated by hand or pedals, should be easy to find. Pushing 
during transport can be easier if friction on the ground is reduced and application 
of force can be optimized if proper shoes, correct postures, and technical skills 
of the operator are correct. The electric regulation allows to easily change the 
patient’s position, saving time and use of personnel. Complications secondary to 
immobility, pain, and intolerance to prolonged positions are therefore reduced, 
while comfort and well-being are increased, also due to special mattresses with 
differentiated pressure sections. The built-in weighing scale for instant body 
weight measurements allows to avoid additional transferring. Special features 
offered are turn assist up to 20° to help in patient positioning, percussion therapy, 
pulsating air suspension therapy, pressure relief therapy, and cardiac chair posi-
tioning. Some beds can be converted into chairs, allowing the postural change to 
sitting position without additional handling. Bariatric patients may show reduced 
capacity of heat dissipation and increased transpiration; therefore, special air-filled 
mattresses can be used. Bariatric beds can help promoting patient independence, 
improving clinical outcomes, decreasing the personnel workload, and thus reduc-
ing healthcare costs (Kramer 2004). Built-in or removable motor-assisted systems 
which can be applied to the bed are available: a stand alone, detachable or inde-
pendent device which attaches to either a bed, linen cart or trolley, which works 
by two batteries, or another type built into the bed powered by simply pressing 
two buttons, unplugging the bed, and releasing the brakes. Use of powered trans-
port devices reduces the risk of caregiver injury by reducing the push/pull forces 
involved.

5.7.2 � Lift Systems

Bariatric lift devices with various types of harnesses and supports allow a variety 
of handling interventions. Transferring from supine to seated, lifting from the bed 
to allow bed remaking, transferring to toilet, lifting from the ground, and also lift-
ing a single limb or the pelvis or rotate the patient in bed are all handling tasks 
which can be made at no risk for the operators with lift devices.

The mobile lift device (Fig. 5.4) is the baseline model, with sturdy steel frame, 
large base and double wheels, which allow all together higher stability and opti-
mal distribution of weight. This type of lift requires a significant encomberence 
and the presence of more operators (usually three). Total lift system, preferably 
a ceiling system (Fig. 5.5), in the patient’s room provide lift capability within the 
framework of the ceiling track structure. However, floor lifts are also needed for 
emergencies or to retrieve patients after a fall outside of ceiling lift areas. Ceiling 
lift systems, usually used by two operators, require lower pushing strength and 
reduced mechanical load on the shoulders than the mobile ones (Zhuang et al. 
1999). Those are the first choice in dependent bariatric patients. Being already on 
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site, time for preparation is minimized and effort for pushing and moving around 
the lift is annulled because horizontal and vertical manoeuvres are totally mecha-
nized. Additional advantages of ceiling lift systems are: ready to use, no storage 
space required, reduced maintenance, automatic batteries charge when not used, 
multiple use possible (motor can be removed from the runner and used in differ-
ent predisposed rooms), no need to move the lift around obstacles, better access to 
the patient, transferring a patient from a room to another (room-bathroom; room-
corridor) can be fixed once and for all with single or transverse tracks.

A recurrent problem related to lift systems is the effort needed to apply/remove 
the sling from under the patient, which has to be repeated two times for each trans-
ferring. Applying the sling implies the following sequence: rotation to the side of 
the supine patient, insertion of the rolled up sling, return to supine position and 
rotation to the other side, complete spreading out of the sling under the patient, 
return to supine position, attachment of the sling to the lift.

Both insertion and extraction of the sling involve high postural loads and use 
of strength. Alternatively, the inclusion of sling, made of transpirant materials, 

Fig. 5.4   Bariatric mobile 
lifting device (from: 
http://www.arjohuntleigh.com/)

Fig. 5.5   Bariatric ceiling 
lifting device (from: 
http://www.arjohuntleigh.com)

http://www.arjohuntleigh.com/
http://www.arjohuntleigh.com
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in the bed structure or even in the patient’s garments has been explored (Lloyd 
and Wikinson 1999). The wore sling should prevent localized pressure or fric-
tion and the related posture should be comfortable with regard to the area 
of support (head, forearms, legs) and transpiration (padding and covering 
materials).

The active lift system can be used for collaborative patients who need support 
during sit-to-stand, gait or standing. It can be used with lumbar corsets only in 
patients with a certain degree of strength, trunk control, and partial body weight 
support. Other simple nonelectronic aids (such as standing devices) can be used 
in assisted mode by the operator for sit-to-stand in patients who need support 
because of muscle weakness or after surgery; however, the patient should be able 
to grab, exert force with the limbs, and control movements.

5.7.3 � Turning and Repositioning Slings

Two tasks which prove very challenging and place caregivers at a high risk for 
injury include insertion of patient care slings under bariatric patients, repo-
sitioning a patient up in bed or turning to the side. Currently, manufacturers 
are working on designing slings that can be left under patients who have to be 
moved frequently. The advantages to this would be less strain on the caregiv-
ers, less time taken to perform the task and most important, less risk and expo-
sure to injury. Although there is no evidence or literature on leaving slings 
under patients and patient outcomes, this decision should be carefully weighed. 
Questions for consideration could be: “is the patient’s skin compromised?”, 
“how breathable is the sling?”, “does the sling present rough uneven edges 
which can cause pressure points if left underneath?”, “can the sling be left under 
the sheet and tucked into mattress when not in use?”. Leaving a sling under a 
bariatric patient can be advantageous to caregiver safety but may be detrimen-
tal to the patient and clinical judgment should be used to determine the safest 
course of action.

5.7.4 � Lateral Transferring

Minor aids for lateral transferring of the supine patient (i.e. bed to stretcher) 
include air systems which can be spread deflated under the dependent bari-
atric patient, even with pressure sores or skin conditions, then connected to 
an air compressor and inflated (Fig.  5.6). The low-friction material allow easy 
and effective lateral transferring with handles. Effectiveness of these systems is 
calculated around 85  %: to transfer a 200  kg patient the force required should 
be 30 kg, which would be a value compatible with the capacity of 90 % of the 
female population for tasks repeated during the work shift by 2 operators (Lloyd 
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and Baptiste 2006). For the same purpose, motor assisted transportable devices 
assisting lateral transferring of the patient by rolling a mat connected to a motor 
can be used (Fig. 5.7). They are more expensive than air systems and require two 
operators.

Pelvic belts with handles, simple low-friction sheets, and plastic/wooden trans-
ferring boards are not recommended for bariatric use in the hospital for their lim-
ited weight capacity. However, critical tasks, such as getting into a car do often 
benefit, lacking valid and affordable alternatives, from the use of those minor aids, 
which can bear up to 130–150 kg at the maximum.

5.7.5 � Mobility Aids

Wheelchairs should have adequate dimensional requisites in width, depth, back 
support, arm rests, and height of the seat. Head and leg support may help unload-
ing in part body weight.

Fig. 5.6   Air-assisted lateral 
transfer system (from: http://
www.kci1.com)

Fig. 5.7   A motor-assisted 
transfer technology (from: h
ttp://www.astirtechnologi
es.com/brochure/astir%20
brochure%205.pdf)

http://www.kci1.com
http://www.kci1.com
http://www.astirtechnologies.com/brochure/astir%20brochure%205.pdf
http://www.astirtechnologies.com/brochure/astir%20brochure%205.pdf
http://www.astirtechnologies.com/brochure/astir%20brochure%205.pdf
http://www.astirtechnologies.com/brochure/astir%20brochure%205.pdf
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Walking aids (walkers, canes, tripods, quadripods) provide support enhanc-
ing balance and independent mobility. In addition to the standard features of 
adjustability and stability, they should be specifically manufactured for bariatric 
patients.

Stretchers are fundamental in bariatric healthcare, both in emergency and as a 
more agile transport alternative to beds. They should have bariatric weight capac-
ity, dimensions, manoeuvrability, adjustability in height and inclination, safety 
(sides and brakes), eventually a motor-assisted operating system. A stretchair is 
a stretcher that has the capability of being adjusted into a chair with armrests and 
preferably a knee gatch or seat tilt feature.

5.7.6 � Equipment for Hygiene

In the bariatric bathroom hygienic furniture should be floor-mounted, preferably in 
steel, and at easy reach for patients on a wheelchair. Steel transferring aids (walk-
ers or adapted toilet seats) facilitating postural changes in critical points are to be 
preferred to wall-mounted handles. Hygienic chair (Fig. 5.8a, b) is a steel frame 
to be placed on the toilet or used as a commode for whole body wash. Hygienic 
stretcher (Fig. 5.9) is a laminated shower stretcher, adjustable in height by means 
of a hydraulic system.

5.7.7 � Space and Environment Considerations

The following requisites should be matched in hospital spaces in proportion to the 
number of bariatric patients admitted:

–	 accessibility (absence of barriers, wide walkways, clearly signed and equipped 
with wall-mounted support handles, wide doors and access points)

–	 benches and seats for resting
–	 lifts with adequate weight capacity and access
–	 reception and waiting rooms suited for obese visitors
–	 adequate number of rooms with expanded dimensions as compared to the 

9.3 mq standard ones with 1.5 m free space around the bed (Wignall 2008)
–	 equipped adapted bathrooms (with steel bariatric furniture, floor-mounted sup-

ports, free space for wheelchair manoeuvering with two operators).

The estimated costs of an equipped bariatric room (bed, ceiling lift, wheel-
chair, commode) is around 32000€ (43000$). According to the “2004 Obese 
Patient Care Survey Market Research Report” (Novation LLC 2004), hospi-
tals are now purchasing also devices for lateral transferring and positioning 
of bariatric patients. The bariatric room and bathroom spaces are expanded as 
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compared to the standard ones (Figs. 5.10 and 5.11) due to the greater encom-
brance of the specific equipment (Table 5.2) and the presence of more opera-
tors (Table  5.3). In the room, spaces must be large enough to accommodate 
the bed, the lift system, the wheelchair, the stretcher, the commode, the chair, 
and the presence of up to 6 operators performing the healthcare manoeuvres 
(3). Spaces and technologies are interconnected aspects: adequate spaces are 
essential requisites for the safe use of specific equipment (Table 5.4). Clearly, 
the bariatric environment should be a priori planned in the development 

Fig. 5.8   Bariatric hygienic 
chairs (from: http://www.inv
acare.com, www.arjohuntlei
gh.com)

http://www.invacare.com
http://www.invacare.com
http://www.arjohuntleigh.com
http://www.arjohuntleigh.com
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of clinical activities and, at admission, operators need to verify the immedi-
ate availability of the range of bariatric equipment for the patient’s safety and 
quality of care.

Fig. 5.9   Bariatric hygienic stretcher (from: http://www.trequipment.com)

Fig. 5.10   Standard versus bariatric room’s area

http://www.trequipment.com
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Fig. 5.11   Recommended dimensions for the bariatric bathroom

Table 5.2   Standard and bariatric dimensions

Equipment Standard Bariatric Difference

Width (mm) Length(mm) Width (mm) Length (mm) Width (mm) Length (mm)

Bed 1000 2260 1000–1370 2220–2444 380 229
Armchair 640 810 810 915 150 100
Stretcher 810 1980 960 2080 150 100
Passive  

mobile 
lifter

630–1120 1245 630–1980 1245–1625 864 380

Wheelchair 700 1220 850 1320 150 100
Electric 

wheelchair
820 1060 1000 1120 180 60

Commode/
shower 
chair

450 400 760 760 150 150
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5.8 � Biomechanical Risk

Healthcare professionals are among the workers most exposed to the risk of mus-
culoskeletal injuries: high loads, awkward and prolonged postures, with special 
reference to spine flexion, rotation and extension, fatigue, monotonous repetitive 
tasks contribute to the onset of both acute and cumulative trauma. Risk related 
to manual handling, transferring, lifting, repositioning, and nursing is due either 
to peak (sudden high-intensity) or cumulative (medium-intensity but prolonged) 
loads. Caring for the bariatric patients implies even higher biomechanical risks 
for the healthcare provider (Collins 2010; Randall et al. 2009; Jang et al. 2007). 
The overall load on the spine while handling normal-weight patients in two oper-
ators corresponds to 470 and 650  kg when only one operator is involved. Such 
loads already exceed the safety limit (350 kg) and are close to the maximum limit 
(650 kg) recommended by NIOSH (Waters et al. 1993). Many nursing activities 
readily exceed safe working loads and can lead to musculoskeletal injuries. For 
instance, lifting a patient's leg, which is often necessary for completing a dress-
ing change, represents approximately 16 % of total body weight (if the patient's 
weight is 175 kg, that of a leg would be 31 kg). This already exceeds a safe lift-
ing load and therefore healthcare personnel should be thought to use a mechani-
cal device with a limb sling. Moreover, several recent studies (Han et al. 2011, 
Bogossian et al. 2012; Malinauskiene et al. 2011; Pietroiusti et al. 2010) show 
a higher prevalence of obesity and metabolic syndrome in the nurse work force, 
with negative consequences on health status, increased rate of work-related mus-
culoskeletal injuries and on work capacity. Notable characteristics of injured 
employees include advancing age, female gender, long working hours, increased 
BMI, history of prior back and upper extremity injures, no health and wellness 
activity attendance, and sick leave. Back and shoulder strain, fall-related and 
repetitive motion injures were the most severe and costly causes of sick leave 
(Brown and Thomas 2003; Lee and Chiou 1994). Work capacity of the nurse work 
force is also jeopardized by organizational and social issues (i.e., prevalence of 
female nurses, economical crisis, delayed retirement age, etc.).

Table 5.3   Spatial requisites for equipment and healthcare

Task Space (mm)

1 One operator (facing) 810–1000
2 One operator (side) 610–760
3 180° rotation of the wheelchair 1500
4 180° rotation of the passive mobile lifter 1800 (2440 mm bariatric)
5 180° rotation of the active lifter 1800
6 180° rotation of the geriatric chair 1800
7 180° rotation of the stretcher 2400
8 Space for moving wheelchair 915–1000
9 Space for moving stretcher 915–1000
10 Space for moving bed 1060–1220
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5.8.1 � Hazardous Tasks

Identifying hazardous tasks represents the first step toward a policy of safety 
at work. The most bariatric hazardous healthcare tasks are related to daily 
(hygiene, bathing, ambulation, and dressing changes) or specific care (i.e., lift-
ing one lower limb for hygiene) (Galinsky et al. 2010). Bariatric nursing can 
occur in various settings (hospital, physiotherapy, home), modalities (acute 
care, rehabilitation, long stay), and for different age ranges (pediatric, adult, 
geriatric). Some settings are particularly dangerous from a biomechanical point 
of view. In the operating theatre, for instance, hazardous tasks for the operator 
are prolonged standing, awkward postures, transferring the patient to the sur-
gical bed, handling surgical devices (Wicker 2000; Garb and Dockery 1995). 
In the acute ward, the hazardous tasks may be patient transferring, hygiene 
on dependent patients, lifting patients from the ground, weighing patient on 
a scale, putting on elastic compressive socks, repositioning in bed, changing 
patient’s undergarments/incontinence pads. In the psychiatric unit, restraining 
patients, specially if in a state of confusion or agitation, may represent a haz-
ardous task due to the unpredictability, aggressiveness of some patients (brisk, 
sudden and powerful movements), and their lack of collaboration. Use of aids is 
often difficult (time needed for preparation, inadequate posture of the patient) 
and manual handling can be equally risky (close contact with an aggressive 
patient). In rehabilitation units and particularly in spinal units, where patients 
are dependent and often intensive daily healthcare and physiotherapy are pro-
vided, transferring, lifting, and repositioning of the patients are usually per-
formed more often. Spaces in the rooms should allow two or more healthcare 
providers to operate with ease. Rehabilitation units should have adequate 
number of walking and mobility (walkers, tripods, quadripods and canes, lift-
ers) and lifting aids. Minor aids for horizontal transferring (low-friction mats, 
air-filled mattresses) and major aids (ceiling-fixed lifters), adjustable bari-
atric stretchers and electric beds that can be converted into armchairs should 
be adequately proportioned to the number of patients. In intensive care units, 
electric adjustable beds are mandatory both to alternate postures in bed-ridden 
patients and perform daily care, therapy, and transferring. Spaces around the 
beds should have adequate dimensions to allow the presence of cumbersome 
equipment and more operators. In emergency situations, bariatric stretchers and 
chairs for transportation up/down stairs or in narrow spaces, bariatric exami-
nation couches should be available. Morbidly obese nonambulatory people 
in long-term care facility frequently are unable to perform self-care (Rotkoff 
1999). Shower-chairs, special tubs, ceiling-fixed lifters (also for transferring 
to the bathroom) with weighing scale included, active lifters should be part of 
the equipment. As for home care, a wealth of situations often with inadequate 
spaces and equipment or lack of help/collaboration to perform the care tasks 
may arise (Gallagher 1998). Manual handling involving use of strength and 
awkward postures should be minimized by an extensive use of aids.
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5.9 � Staff Training and Education

Training and education of operators for bariatric assistance should be aimed to all 
the range of generic healthcare facilities that may admit bariatric patients to avoid 
improvisation and hazardous behavior when handling such patients. The operators 
should be consistently educated and updated about biomechanics of movements 
and postures, and the use of technological aids. Educational videos or written pro-
cedures may help refreshing the specific know-how, specially in facilities where 
admission of bariatric patients is infrequent. Conversely, when those admis-
sions are frequent, upgrading, continuos practice, and education, the exchange of 
experiences with similar facilities are fundamental (see, National Association of 
Bariatric Nurses www.bariatricnurses.org/; The Patient Safety Center of Inquiry 
http://www.visn8.med.va.gov/patientsafetycenter/). Competence of the opera-
tors is essential to face complex situations and choose the most adequate assis-
tance modality based on safety and clinical-rehabilitative criteria. It should be 
borne in mind that larger numbers of operators are required in the care of bariat-
ric as compared to lean patients. Health managers are responsible for providing 
adequate personnel and maintaining efficient equipment to minimize work-related 
risks and promote quality of life and dignified care for the patients. The care of 
obese patients is a concern for all kind of hospitals and healthcare facilities. Being 
organizatively and culturally unprepared for admitting those patients aggravates 
the level of risk of injuries both for the healthcare provider and the patient.
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minimize or abolish disability associated with obesity, which may be predomi-
nantly due to cardiorespiratory and musculoskeletal issues, and general decon-
ditioning. This chapter discusses the efficacy of outpatient multidisciplinary 
rehabilitation in obese patients, and presents emerging evidence of the effects of 
inpatient rehabilitation on functional outcomes in obese patients with disabling 
orthopedic conditions. In inpatient setting, obesity and its related comorbidities 
may prolong or complicate hospital stays and reduce efficiency of functional gain. 
Because of the relative scarcity of data regarding inpatient rehabilitation programs, 
we performed a large prospective investigation on obese patients with orthopedic 
conditions (N = 464). Intensive rehabilitation administered to obese patients with 
orthopedic conditions and motor difficulties consisted of a 4-week multidiscipli-
nary program covering nutritional, motor, and psychological aspects. Our data 
provide initial evidence that multidisciplinary intensive rehabilitation is effec-
tive in minimizing the obesity-related disability and enhancing functional capaci-
ties in obese patients with motor disability. Outpatient rehabilitation programs in 
obese patients focus on chronic musculoskeletal conditions resulting from obesity, 
specifically joint misalignment, balance and postural issues, and osteoarthritis. 
Common goals include decreasing body weight, reducing metabolic disease risk 
and musculoskeletal pain severity, and improving functional strength and mobility. 
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The chapter discusses the randomized controlled trials which have previously 
examined the efficacy of a variety of outpatient exercise programs using variations 
of resistance and/or aerobic exercise modalities at achieving these goals.

6.1 � Introduction

As obesity rates rise, it is expected that the global burden of obesity and related 
degenerative musculoskeletal diseases will become unsustainable. Obesity 
adversely influences functional capacity across the lifespan, by inducing physical 
discomfort, limiting exercise capacity, and eliciting painful disability over time. 
Obesity is characterized by comorbidities ranked among the most burdensome dis-
eases for high-income countries (World Health Organization 2008). This somatic 
fragility affects independence and difficulties in daily activities including personal 
hygiene and dressing, indoor mobility, household chores, lifting and carrying bags, 
walking and standing in a queue have been reported (Menegoni et al. 2009; Xu 
et al. 2008; Capodaglio et al. 2010). Disability associated with obesity may be 
predominantly due to cardiorespiratory and musculoskeletal issues, and general 
deconditioning. In inpatient setting, obesity and its related comorbidities may pro-
long or complicate hospital stays and reduce efficiency of functional gain.

Rehabilitation strategies that reduce pain symptoms, increase strength, and 
optimize function and mobility are urgently needed to offset an impending epi-
demic of obesity-induced disability. Outpatient and inpatient rehabilitation pro-
grams are designed to minimize or abolish disability. Obese acute care patients 
may be referred to receive care in the inpatient rehabilitation setting in which 
health care teams commonly use a multidisciplinary approach to accomplish these 
goals. Teams generally consist of physiatrists, endocrinologists, cardiologists, 
pneumologists, physiologists, physical and occupational therapists, adapted physi-
cal activity experts, nurses, clinical psychologists, and psychiatrists. Common 
goals include achieving maximal independent functional ability before discharge 
by increasing strength, coordination, endurance, balance, cognition, and reduc-
ing body weight and cardiovascular risk factors. Outpatient programs typically 
focus on exercise protocols, manual therapies, and other adjuvant components 
that enhance joint range of motion and muscle strength. Common goals for obese 
patients with disability include: reduce painful movement, correct muscle strength 
imbalance, and deficits and increase functional mobility. For the obese patient, 
multidisciplinary rehabilitation programs should also include components that 
reduce cardio-metabolic risk factors, decrease fat mass, improve the lean-to-fat-
mass ratio, and increase physical conditioning and increase residual functional 
capacity. Education and psychological counseling together with diet and physical 
activity play a key role in counteracting this chronic condition, since a life style 
change is needed to maintain benefits and minimize health risks in the long term.

This chapter discusses the efficacy of outpatient multidisciplinary rehabilita-
tion in obese patients, and presents emerging evidence of the effects of inpatient 
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rehabilitation on functional outcomes in obese patients with disabling orthope-
dic conditions. Relatively, few papers (Farrell et al. 2008; Vincent et al. 2006a, 
2009) have shown that multidisciplinary rehabilitation in severely obese patients 
with metabolic disease risk factors improves physical performance, lowers body 
weight, and reduces cardiovascular risk factors. There is, however, a relative lack 
of studies of in-patient rehabilitation outcomes for patients with severe obesity and 
related disabling musculoskeletal conditions. Attestation of this significant deficit 
was recently addressed by the Italian Ministry of Health (Ministero della Salute 
2011), when it initiated processes to organize rehabilitation pathways across dif-
ferent settings, acknowledging the need for metabolic rehabilitation. This has 
direct relevance to obese patients who can derived functional and metabolic ben-
efits from rehabilitation programs.

6.2 � Considerations of Efficacy Assessment of Rehabilitation 
Effects in Obese Patients

One of the major challenges in research available on obesity-related disability is 
the lack of obesity-specific scales reflecting relevant physical difficulties and limi-
tations in everyday life. Standardized functional assessments are often non-specif-
ically validated in the obese population and are not designed to measure clinical 
appropriateness, which contributes to underestimation of the functional difficulties. 
In 2002, the United States task force on developing obesity outcomes and learn-
ing standards (TOOLS) (Ropka 2002) recommended a summary of outcome meas-
ures for the obese patient, which included the use of the Medical Outcome Survey 
36-Item Short-Form Health Survey (SF-36) or its 12-items version (SF-12) (Ware 
et al. 1996) and the use of an existing symptom-specific scale in addition to the 
more general measure when the goal is to provide an in-depth evaluation of one 
specific obesity-related symptom. An exhaustive review of the kinds of assessments 
that can be used to measure obesity-related disability has been provided in Chap. 
4. Measuring disability with instruments reflecting the full range of functional sta-
tus appears, therefore, crucial in order to initiate rehabilitation programs for obese 
subjects and to assess their effectiveness. In 2009, it was with this goal in mind that 
the Italian society of obesity (SIO) developed a new scale for assessing disability 
correlated to obesity in adult populations, the short-form questionnaire the Obesity-
related Disability test (Test SIO Disabilità Obesità Correlata; TSD.OC) (Donini  
et al. 2010). This instrument is intended to target the most important obesity-spe-
cific functional status dimensions such as physical, emotional functioning, and 
social functioning. Minimizing disability and educating individuals to cope with 
everyday life tasks in the presence of an excessive body mass are the major goals 
of rehabilitation. Subjective and objective tests can be used to determine efficacy 
of functional and metabolic improvement achieved during rehabilitation. Table 6.1 
provides a list of these tests relating to physical independence, activities of daily 
living (ADL), self care and transfer capacity, and functional mobility.

http://dx.doi.org/10.1007/978-3-642-35972-9_4
http://dx.doi.org/10.1007/978-3-642-35972-9_4
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Table 6.1   Subjective and objective tests of physical function and metabolic capacity to assess 
rehabilitation efficacy

Test Description

Functional independence measure 
(FIM) rating

7: Complete independence. The patient performs all the 
tasks described as making up the activity within a rea-
sonable amount of time, and does so without modifica-
tion, assistive devices, or aids

6: Modified independence. The activity requires an assis-
tive device aid, the activity takes more than reasonable 
amount of time, or the activity involves safety (risk) 
considerations; requires another person for either super-
vision or physical assistance to perform the activity

5: Supervision or setup. The patient requires no more help 
than standby, cueing, or coaxing, without physical 
contact; alternatively, the helper setup needed items or 
applies orthoses or assistive/adaptive devices

4: Minimal contact assistance. The patient requires no more 
help than touching, and expends 75 % or more of the 
effort

3: Moderate assistance. The patient requires more help than 
touching, or expends between 50 and 74 % of the effort

2: Maximal assistance. The patient expends less than half of 
the effort. Maximal or total assistance is required

1: Total assistance. The patient expends less than 25 % of 
the effort; Maximal or total assistance is required. Total 
score (possible score range 18–126 points) has FIM 
Motor and Cognitive subscores

Functional visual analog score 
(VAS)

Using a scale from 0–100 mm, patients rate the level of 
disability

Obesity-related disability test 
(TSD.OC)

Questionnaire is composed of 36 items divided into seven 
sections (pain: 5 items; stiffness: two items; ADL and 
indoor mobility: seven items; housework: seven items; 
outdoor activities: five items; occupational activities: 
four items; social life: six items), which reflect the 
domains in which individuals experience the most com-
mon problems. A disability score has been defined as 
(raw total score/max total score) × 100

Symptom limited exercise testing Using a treadmill or stationary cycle, the time to exhaustion 
can be used to indicate aerobic capacity, cardiopulmo-
nary function, and responses

Timed up and go test (TUG) This test measures the time to complete a chair rise, walk 
3 m, turn around walk back and sit down. This assesses 
balance and transfer capacity, and strongly related to 
functional mobility, and static and dynamic balance

Six-min walk test This test measures the walking distance covered in 6 min; 
disease-specific

symptoms are monitored (pain, dyspnea, and heart rate); this 
test reflects aerobic ability and endurance

Gait parameters Cadence, stride and step lengths, step widths, base of sup-
port, and toe out angles can be used to show changes in 
dynamic balance and ability to perform mobility tasks

(continued)
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6.3 � Inpatient Rehabilitation Programs

There are a few studies that report functional outcomes in cohorts with musculo-
skeletal impairments and obesity. Most inpatient rehabilitation studies have per-
formed patient stratification of outcomes based on body mass index (BMI) values 
after elective orthopedic surgeries (Vincent et al. 2006b, c, 2008, 2009; Stickles 
et al. 2001) or musculoskeletal trauma (Vincent et al. 2012a). Other studies have 
stratified outcomes by BMI in metabolically complex conditions such as stroke 
(Padwal et al. 2012) or burns (Farrell et al. 2008). In general, physical function 
and independence improve with aggressive inpatient rehabilitation. Functional 
independence measure (FIM) rating changes captured during inpatient rehabilita-
tion reveal that a high BMI does not prevent FIM gains in persons with total knee 
arthroplasty (Vincent et al. 2006a; Vincent and Vincent 2008; Stickles et al. 2001) 
or total hip arthroplasty (Vincent et al. 2006b, 2009; Stickles et al. 2001). Vincent 
et al. recently showed that even with severe orthopedic trauma (no central nerv-
ous system impairment or spinal cord injury), obese persons can achieve signifi-
cant improvement in FIM ratings from admission to discharge, with similar length 
of stay; FIM efficiency, however, was slightly less in the obese patients compared 
with non-obese patients (3.1 vs. 2.6 points gained/day) with similar improvements 
in walking distance and stair climbing (Vincent et al. 2012a). Obese patients are 
able to fully participate in physical therapy, occupational therapy, and speech-
language therapy sessions like non-obese patients with orthopedic conditions 
(Vincent et al. 2012b; Padwal 2012). However, the existing evidence consistently 
shows that functional gains are achieved less efficiently and at higher costs than 
in leaner patients (Vincent et al. 2012a; Padwal et al. 2012; Stickles et al. 2001). 

Test Description

Gait speed at comfortable or  
fastest speeds

The time to complete a walking distance of 4–10 m is meas-
ured and is used to reflect power in obese persons and 
short distance walk speed is related to lifespan; Capture 
of the fastest walking speed has prognostic ability to 
predict an increased incidence of persistent physical 
limitations

Chair rise time The time to rise from a chair without using arms can be used 
to reflect lower extremity strength; modifications include 
performing five in a row, or as many as can be completed 
in 30 s

Short physical performance  
battery test (SPPB)

This series of tests measures lower extremity functioning 
in older persons; timed measures of standing balance, 
walking speed, and ability to rise from a chair. Each of 
the three performance measures was assigned a score 
ranging from 0 to 4, with four indicating the highest 
level of performance and 0 the inability to complete the 
tests

Table 6.1  (continued)
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In populations with burn injury, the entire patient cohort improved with inpatient 
rehabilitation, but patients with BMI of >25.15 kg/m2 achieved a lower FIM loco-
motor score and were less likely to be discharged home (Farrell et al. 2008). No 
associations between BMI and FIM ratings in post-acute stroke rehabilitation 
patients were found (Padwal et al. 2012).

6.3.1 � Inpatient Rehabilitation with Obesity Considerations

Because of the relative scarcity of data regarding inpatient rehabilitation pro-
grams in obese patients with orthopedic conditions, we attempted to fill this sci-
entific void. We performed a large prospective investigation on obese patients 
(N  =  464) admitted to our Rehabilitation Unit with orthopedic conditions for 
multidisciplinary rehabilitation (Table 6.2). Patients were categorized into groups 
based on disability rankings: “low” = disability score range 0–19.4 points, “mod-
erate” =  score range 19.4–47.2 points, “moderately severe” =  47.3–68.4 points 
and “severe” =  68.4–100 points as represented by TSD.OC scores. The comor-
bidities present in our sample were: osteoarticular pathologies (100 %), cardiovas-
cular pathologies (23.4 %), diabetes (6.8 %), cardiovascular, and diabetes (7.6 %). 
Exclusion criteria were acute cardiovascular, respiratory, neurological, and psy-
chological conditions contraindicating intensive rehabilitation program.

6.3.2 � Rehabilitation Intervention

Intensive rehabilitation administered to obese patients with orthopedic conditions 
and motor difficulties consisted of a 4-week multidisciplinary program covering 
nutritional, motor, and psychological aspects. Patients underwent rehabilitation 
exercises for ~3 h per day to optimize muscle strength and the lean to fat mass 
ratio, increase joint range of motion and enhance cardio-respiratory condition-
ing. Supervised aerobic exercise (walking, recline cycle, and arm ergometer) was 

Table 6.2   General 
characteristics of the 
inpatient rehabilitation cohort 
(n = 464) at admission

Variable Whole sample number (%)

Sex
   Female 372 (80.2)
   Male 92 (19.8)
Age (years)
   Mean (SD) 63.58 (10.40)
   Range 21–80
BMI (kg/m2)
   Mean (SD) 41.61 (6.06)
   Range 30–59.7
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performed 30–60 min daily, 5 days/week, on the basis of the individual capacities 
as assessed by a 6-min walking test or, in selected cases, an ergometric test, select-
ing a work load of approximately 40 % of the individual maximal oxygen uptake. 
Resistance exercises were performed 30–60  min daily in individual sessions. 
Intensities of isotonic strengthening exercise were set at 40  % of the individual 
10-repetition maximum during the first week, 50 % during the second week and 
60 % during the remaining rehabilitation period. The muscle groups to be trained 
were identified during the initial physiatrist evaluation. Strengthening exercises 
with arms and legs under supervision included dynamic standing and floor calis-
thenics using body weight as movement resistance.

All subjects underwent a caloric restriction of the caloric intake (1200–
1800 kcal/day) containing 21 % proteins, 53 % carbohydrates, and 26 % lipids. 
Dieticians tailored the personal balanced nutritional program (75 % of the resting 
metabolic rate) in order to achieve a 5 % reduction in body weight at discharge 
and to reinforce a healthy life style in the long term. Patients also underwent nutri-
tional education consisting of daily lectures, demonstrations, and group discus-
sions aimed enhancing compliance to diet. Psychological counseling, consisting 
of two sessions/week of cognitive-behavioral strategies, was aimed at educating 
individuals to control their eating habits, stress and anxiety, improve problem solv-
ing, self-perception, involvement in care, and compliance to therapies.

6.3.2.1 � Outcome Measures

At admission and discharge (at 4 weeks), the following outcome measures were 
collected: body weight, BMI, FIM motor, and cognitive ratings (Hamilton et al. 
1994) obesity-related disability test (TSD.OC) (Donini et al. 2010) the functional 
visual analog score (VAS), and the timed-up-go (TUG) (Mathias et al. 1986). The 
disability level was determined using the TSD.OC score (low level score range 
0–19.4, moderate level score range 19.4–47.2, moderately severe 47.2–68.4 and 
severe 68.4–100 points).The functional VAS (0–10  mm) was meant to measure 
subjective perception of functioning.

6.4 � Results

Patient characteristics are shown in Table  6.2. We have stratified results accord-
ing to the four categories of disability (low to severe; Table 6.3). All of the main 
outcome parameters, with the exclusion of FIM Cognitive, improved signifi-
cantly at discharge. The percentage change in FIM (physical and total ratings) 
and the change in TUG scores were statistically different among the four dis-
ability strata. The change in functional VAS was different between moderately 
severe versus severe level and body weight change of the low disability was 
higher if compared to the severe disability level (p < 0.05). Correlations existed 
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between anthropometric and functional measures; age was mildly correlated with 
FIM (both physical and total value, respectively r = −0.36 and −0.37, p < 0.05), 
TSD.OC scores (r  =  0.23, p  <  0.05) and TUG scores (r  =  0.42, p  <  0.05) at 
admission and with the FIM (both physical and total value, respectively r = 0.19 
and 0.20, p < 0.05) and the TSD.OC change (r = 0.18, p < 0.05). A mild correla-
tion existed between body weight and FIM ratings (both physical and total value, 
respectively r = −0.12 and −0.13, p < 0.05) and TSD.OC (r = 0.18, p < 0.05) at 
admission was evident.

The comparison among the four disability levels demonstrated that the percent 
changes in FIM (physical and total score) and TUG changes were statistical differ-
ent among groups. The change in VAS was different between moderately severe 
versus severe level and body weight change of the low disability was higher if 
compared to the severe disability level (p < 0.05). No other statistical differences 
were observed. The research for correlations between anthropometric and func-
tional measure showed that the patients’ age had a mild correlation with FIM (both 
physical and total value, respectively r = −0.36 and −0.37, p < 0.05), TSD.OC 
(r = 0.23, p < 0.05) and TUG (r = 0.42, p < 0.05) at admission and with the FIM 
(both physical and total value, respectively r = 0.19 and 0.20, p < 0.05) and the 
TSD.OC change (r =  0.18, p < 0.05). As for their body weight, a mild correla-
tion with FIM (both physical and total value, respectively r = −0.12 and −0.13, 
p < 0.05) and TSD.OC (r = 0.18, p < 0.05) at admission was evident. No other 
statistical correlations were found.

6.5 � Benefits of Inpatient Rehabilitation

The aim of rehabilitation is to gain health and functional independence. To 
achieve true empowerment by the end of the program, rehabilitation should 
assess individuals according to their wishes and context and then implement all 
of the required therapeutic interventions to ensure the achievement of the high-
est possible level of functioning and participation. Disability threshold values 
could operate as appropriateness criteria for admitting obese individuals to dif-
ferent rehabilitation settings. We have previously shown that the TSD-OC, vali-
dated against the SF-36 (Donini et al. 2010), is sensitive to change, capturing 
differences at post-rehabilitation in a longitudinal design (Precilios et al. 2012). 
Given the lack of specific measures able to capture the disability associated with 
morbid obesity, the TSD-OC questionnaire appears an interesting tool for meas-
uring outcomes in this area, since it considers all the domains of disability which 
are reported in the literature to be obesity related. The obesity-specific disability 
scale appears sensitive to changes among groups with different grades of disabil-
ity and the percentage of change does not differ among groups. Based on our 
data, multidisciplinary rehabilitation interventions appear effective in reducing 
both mild and severe disabilities related to obesity with comorbidities. The vari-
ation in body weight does not appear to be related to the changes in disability 
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score, suggesting that functional improvements maybe independent from weight 
loss and related to other factors. The TUG test seems to improve more in the 
most severely disabled obese. It is known that frail lean elderly people because 
of their lower initial functional level yield a potential to larger improvements in 
functional capacities as compared to non-frail elderly (Buchner and de Lateur 
1991; Capodaglio et al. 2006). In contrast with this, younger obese individuals 
seem to benefit more from rehabilitation interventions than the older ones, where 
the deterioration at different functional levels (i.e., reduced muscle strength sec-
ondary to sarcopenia, fat infiltration of the muscles), combined with negative 
factors such as an increased inertia from excessive body mass, and aggravated 
by the aging process itself, may have possibly determined a downward shift 
of the strength-function relationship. Thus, the physiological gains not reach a 
threshold sufficient to elicit a dramatic functional change. Also, we know that 
sarcopenic obesity in old age is more strongly associated with disability in 
daily activities than either sarcopenia or obesity per se (Jensen and Hsiao 2010). 
Longer exposure to obesity, functional deterioration at various levels, and greater 
peripheral tissue damage in old age may therefore hinder significant responses 
to training and rehabilitation. Among the young patients, those with higher BMI 
showed the greatest functional improvements, probably due to greater weight 
reduction than their counterparts with lower BMI. Our results from a relatively 
large obese population sample with a representative range of BMI and age cor-
roborate the use of TSD-OC as a global assessment of the obesity-related dis-
ability and also defined some initial reference values to stage the degree in 
disability severity. The disability grading proposed could help the decision mak-
ing of allocating patients to appropriate rehabilitation settings tailored to their 
rehabilitative needs.

Further, longitudinal studies are needed to assess whether short-term functional 
gains can be maintained in the medium and long term. Sensitivity to change for 
each section of the TSD-OC (pain; stiffness; ADL and indoor mobility; house-
work; outdoor activities; occupational activities; and social life) will need further 
investigations. Future studies should address different intervention modalities (i.e. 
moderate vs. higher intensity resistance training etc.) and compare the effective-
ness of different rehabilitation interventions (e.g., moderate versus higher intensity 
resistance training integrated with dietary changes on physical function, body and 
muscle composition).

Our data provide initial evidence that multidisciplinary intensive rehabilitation 
is effective in minimizing the obesity-related disability and enhancing functional 
capacities in obese patients with motor disability. The disability grading proposed 
needs to be confirmed in larger studies but could help the decision making of allo-
cating patients to appropriate rehabilitation settings tailored to their rehabilitative 
needs. Our data on the effectiveness of multidisciplinary rehabilitation of severe 
obesity with comorbidities provide some initial support to the indications of the 
Italian Ministry of Health for such rehabilitation pathway. Further, cost-effective-
ness data are needed to help allocating patients to the most appropriate rehabilita-
tive setting.
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6.6 � Outpatient Rehabilitation Programs

Outpatient rehabilitation programs in obese patients typically focus on chronic 
musculoskeletal conditions resulting from obesity, specifically joint misalignment, 
balance and postural issues, and osteoarthritis. Irrespective of age, obese patients 
demonstrate need for rehabilitative strategies to combat orthopedic issues.

6.6.1 � Younger Obese Individuals

In younger persons, obesity and fat distribution is associated with joint pain. As 
the discomfort of movement increases, voluntary physical activity is diminished 
and obesity is exacerbated. Children with high adiposity are up to four times as 
likely to have joint pain than non-obese counterparts (Podeszwa et al. 2006). In 
children up to 18 years of age, common sites for joint pain include the low back 
and the knee (Sjolie 2004; Taylor et al. 2006). Evidence shows that up to 75 % 
of obese children with pain symptoms avoid physical activities including recrea-
tional play, sports, and activities of daily living (Wilson et al. 2010). Weight accu-
mulation is related to increased systemic inflammation, joint compression, joint 
misalignment, and onset of degenerative joint disease. Even among children, func-
tional test battery performance (push/pulling activity, long jump, vertical jump, 
and ball throwing) and walking endurance performance is inversely associated 
with fat mass and body mass index (Riddiford-Harland et al. 2006). Studies have 
also shown that obese children have compromised lower body transfers, jumps, 
and chair rise times (Macfarlane et al. 2011). Investigators have, therefore, encour-
aged early interventions for prevention of joint disease and related disability.

6.6.2 � Transitional-Aged Obese Adults

Prospective evidence demonstrates that as obese young individuals transition to 
middle age, their risk for developing knee pain nearly doubles (Heo et al. 2010). 
The Behavioral Risk Factor Surveillance Survey outcomes revealed a J-shaped 
relationship between BMI values and the presence of functional impairment and 
the use of assistive devices (wheelchairs, canes or special beds/phones) in adults 
18–64  years of age (Peytremann-Bridevaux and Santos-Eggimann 2008). The 
odds risk of experiencing physical disability with stair climbing (≥1 flights), 
activities of daily living, and walking 100 meters increased is higher in persons 
50 years or older compared with those less than 50 years. Also, greater disability 
values occur in women compared to men (Duvigneaud et al. 2008). Additionally, 
obese adults demonstrate patterns of less physical activity and this may perpetuate 
muscle atrophy and declines in muscle strength (Stenholm et al. 2008). Muscle 
atrophy, in turn, attenuates resting and exercise metabolic rates which can work in 
concert with sedentary behavior to promote weight gain (Thomas 2007).
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6.6.3 � Older Obese Adults

As the obese population ages, musculoskeletal degeneration, pain, and related 
complications will increase in prevalence. Body composition has unfavora-
bly shifted to that of less muscle mass relative to accumulation of fat mass, and 
strength and exercise capacity diminish (Visser 1998a); functional disability fol-
lows suit (Visser et al. 1998b; Ramsay et al. 2006; Lebrun et al. 2006; Sternfeld 
et al. 2002; Vincent et al. 2012a). Because aging and obesity both independently 
contribute to muscle inadequacy and deterioration of mobility, the combination 
of the two likely exacerbates negative physiological changes in the musculo-
skeletal system and shapes an environment ideal for sarcopenia and functional 
disability.

6.7 � Outpatient Rehabilitation Programs

Similar to inpatient populations, outpatient programs have different goals depend-
ing on the individual or cohort. For obese patients, common goals include decreas-
ing body weight, reducing metabolic disease risk and musculoskeletal pain 
severity, and improving functional strength and mobility. Numerous randomized 
controlled trials have previously examined the efficacy of a variety of outpatient 
exercise programs at achieving these goals (Vincent et al. 2006a). These trials have 
used variations of resistance exercise (RX) and/or aerobic exercise (AX) modali-
ties. Programs that have used RX for strengthening ranged from 2.5 to 6 months, 
with training generally occurring at a frequency of 3 days a week using a variety 
of weight machines or body weight exercises depending on the musculoskeletal 
condition. Most often, large muscle group activity was included and incorporated 
knee extensors/flexors, elbow extensors/flexors, pushing and pulling exercises 
(seated row and chest press), and trunk strengthening exercises (abdominal curls 
and lumbar extensions). Programs incorporating AX typically used AX training 
frequencies of 3–5 days per week for 20–45 min at moderate intensity (60–85 % 
max HR or VO2 max). AX regimens provide a stimulus that involves sustained 
large muscle activity such as stair climbing, walking, cycling ergometry, or 
aquatic aerobic exercise (Avila et al. 2010; Bouchard et al. 2009, 2010; Davison 
et al. 2002; Lim et al. 2010). Some trials have combined RX and AX into a mul-
timodal approach where participants perform aerobic, resistive, and flexibility 
activities within a single exercise session. Multimodal activity programs have been 
implemented for durations lasting 3  months–1  year (Grant et al. 2004; Manini  
et al. 2010; Schlenk et al. 2011). Importantly, many of the multimodal activity pro-
grams often incorporated dietary modification as part of the rehabilitation strategy. 
Dietary interventions ranged from nutritional and behavioral modification coun-
seling, to structured meal plans with caloric restriction (typically 750 kcal deficit) 
and partial meal replacements (bars and shakes) (Frimel et al. 2008; Miller et al. 
2006; Villareal et al. 2006; Anton et al. 2011).
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These studies show that comprehensive rehabilitation programs lasting 
3–18 months in duration that incorporate AX and RX (2–3 days per week) pro-
duce clinically meaningful changes in body composition, strength, and func-
tional mobility in obese individuals. Vincent et al. (2006b) examined the effects 
of 6  months of RX training in obese older adults and found that after the reha-
bilitation period, the RX group lost 2  % fat mass and demonstrated a 15  % 
increase in walk time to exhaustion and an 18 % increase in overall body strength 
compared to no significant changes in the control group. Metabolic improve-
ments included reduction of cardiovascular disease biomarkers in the RX group. 
Similarly, Davidson et al. (2009) compared the effects of 6 months of RX, AX, 
and combined AX + RX to a control group and found that the number of chair 
stands completed in 30 s increased in all intervention groups, with greater changes 
in the RX and AX + RX than the AX group. Additionally, the greatest loss in fat 
mass occurred in the AX + RX group, and gain in skeletal muscle in the RX and 
AX + RX groups, highlighting the enhancement of functional improvements with 
the addition of RX to exercise programs (Davidson et al. 2009).

Of all the programs studied, multimodal combined exercise programs cou-
pled with dietary intervention produced the greatest improvements in functional 
performance (Villareal et al. 2006, 2011). In a 12-month study comparing exer-
cise (AX + RX), diet, and exercise + diet against a control group in older obese 
patients, Villareal et al. (2011) showed that exercise +  diet induced the greatest 
improvements in PPT (Modified Physical Performance test consisting of timed 
trials of walking and other measures of physical function) scores and peak fit-
ness values compared with the other three groups. Interestingly, scores on the 
Functional Status Questionnaire, in which higher scores indicate a higher ability 
to perform activities of daily living, increased more in the diet-exercise group than 
in the diet group. Given the potential for diet-induced weight loss therapy to exac-
erbate sarcopenia in older obese patients, Frimel et al. tested whether adding mul-
timodal exercises to a diet program could attenuate declines in muscle mass and 
physical function and found that the reduction in lean mass in both the upper and 
lower extremities were significantly less in the exercise + diet group than in the 
diet group (Frimel et al. 2008).

6.8 � Additional Benefits of Rehabilitation for Obese Patients

In addition to directly improving body composition and physical function, regu-
lar exercise can favorably alter many of the physiological pathways that con-
tribute to degenerative disease and sarcopenia in the obese, older adult (Fig. 6.1). 
Rehabilitation programs have the capacity to offset diabetes pathways by increas-
ing skeletal muscle insulin sensitivity, controlling blood glucose, and reducing gly-
cated hemoglobin levels (Balducci et al. 2010). Favorable shifts in blood pressure 
and lipoprotein levels also occur with regular exercise. Several independent stud-
ies have shown that combinations of diet and exercise can reduce both systemic 
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inflammation and oxidative stress, both of which have been implicated in obesity-
related metabolic diseases such as diabetes and cardiovascular disease. One study 
combining 12  weeks of low glycemic index diet with AX showed a significant 
decrease in cytokine production by monocytes (Kelly et al. 2011). 

Perhaps of greater clinical importance is the ability of exercise to treat degen-
erative joint disease itself while reducing disability in the obese. The concurrent 
use of AX (for caloric expenditure and joint health) and RX (for strengthening the 
musculature supporting the joints and promoting cartilage health) is a balanced 
program that may combat joint diseases. Exercise can be applied to this population 
at any disease stage to help strengthen muscles that surround the arthritic joint, 
and help control or reduce body weight, the latter being a main modifiable fac-
tor underlying OA (Suri et al. 2012). Importantly, regular exercise training can 
reduce joint pain by as much as 30 % (Vincent et al. 2006c): in a recent study on 
older obese adults with knee osteoarthritis, pain severity, and functional outcomes 
such as walking performance and stair climb demonstrate the greatest improve-
ments after exercise  +  diet interventions compared to exercise or diet alone. 
Additionally, in a similar study comparing exercise (AX +  RX), diet, and exer-
cise + diet against a Control group in patients with knee osteoarthritis, Focht et al. 
showed that exercise + diet induced the greatest improvements in pain, stair climb 
time, and 6-min walk distance compared with the other three groups (Messier  
et al. 2004). Exercise interventions can be a cost effective adjuvant to traditional 
knee OA therapies in obese adults.

Obese Patient
Common co-morbidities:
Hypertension
Cardiovascular disease
Diabetes
Hyperlipidemia

Common diagnoses:
Joint replacement
Osteoarthritis
Low back pain

Resistance
Exercise
+/- Diet

Aerobic 
Exercise
+/- Diet

Fear of
movement

Joint pain

Caloric 
expenditure

Endurance

Body weight and improved body composition

Comorbidities and Physical Capacity 

LOWER DISABILITY

Fig. 6.1   Comprehensive benefits of outpatient rehabilitation in obese patients
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6.9 � Obesity-Related Considerations in Outpatient 
Rehabilitation

In the outpatient setting, there are unique challenges faced by the obese patient. 
Weight stigma related to body weight and embarrassment of being unable to get 
into exercise equipment can also deter the obese from participating in outpatient 
rehabilitation programs. Additionally, obese individuals may, over time, develop 
motor patterns secondary to chronic pain. For example, alterations to gait (e.g., 
center of mass excursions, toe out angle, and step length or width) could add to 
musculoskeletal complications and prolong the rehabilitation process (Cimolin  
et al. 2011). Our laboratory has also shown that fear of movement due to pain 
(kinesiophobia) is higher in morbidly obese patients who are seeking physi-
cal therapy programs for knee (Vincent et al. 2010a) or back pain (Vincent et al. 
2010b). Kinesiophobia ratings correspond with higher perceived disability of 
tasks such as running, jumping, stair climb, and chair rise in persons with BMI 
values >40  kg/m2. Interestingly, kinesiophobia ratings were elevated in persons 
even when no functional impairments in range of motion/strength existed, suggest-
ing that overcoming fear is important in helping obese individuals achieve their 
potential in rehabilitation programs. To help overcome fear of movement due to 
pain, exercise may need to be supervised initially and periodically thereafter to 
help ensure that activity is performed at the appropriate training stimulus and not 
compromised because of fear.

A final consideration for outpatient rehabilitation programs may hinge on the 
palatability of continuing with rehabilitation exercise over the long term. In our 
experience, we find that if exercise programs are focused on primary symptoms 
(e.g., for knee or low back pain) and time efficient, the likelihood that patients will 
keep exercising when formal rehabilitation is complete is high. Interventions that 
can reduce joint pain and permit patients to increase daily physical activity may 
be good incentive to continue the rehabilitation exercises. Over time, daily activity 
becomes enjoyable and caloric expenditure increases; these contribute to modifica-
tion of cardiovascular disease factors (blood pressure, weight, and blood lipids) 
and improve mental well-being. Hence, if as a field we can help obese patients to 
overcome these limitations and engage in diet and multimodal exercise programs, 
we can break the vicious cycle of pain, fear of movement/activity avoidance, 
weight gain, and functional disability.

References

Anton SD, Manini TM, Milsom VA et al (2011) Effects of a weight loss plus exercise program 
on physical function in overweight, older women: a randomized controlled trial. Clin Interv 
Aging 6:141–149

Avila JJ, Gutierres JA, Sheehy ME, Lofgren IE, Delmonico MJ (2010) Effect of moderate inten-
sity resistance training during weight loss on body composition and physical performance in 
overweight older adults. Eur J Appl Physiol 109(3):517–525



CORRECTED P
ROOF

122 P. Capodaglio et al.

Balducci S, Zanuso S, Nicolucci A et al (2010) Effect of an intensive exercise intervention strat-
egy on modifiable cardiovascular risk factors in subjects with type 2 diabetes mellitus: a ran-
domized controlled trial: the Italian diabetes and exercise study (IDES). Arch Intern Med 
170(20):1794–1803

Bouchard DR, Soucy L, Sénéchal M, Dionne IJ, Brochu M (2009) Impact of resistance training 
with or without caloric restriction on physical capacity in obese older women. Menopause 
16(1):66–72

Bouchard DR, Soucy L, Sénéchal M, Dionne IJ, Brochu M (2010) Changes in objective and self-
reported measures of physical capacity after an intervention in obese older women. J Women 
Aging 22(1):34–36

Buchner DM, de Lateur BJ (1991) The importance of skeletal muscle strength to physical func-
tion in older adults. Ann Behav Med 13:91–98

Capodaglio P, Capodaglio EM, Facioli M, Saibene F (2006) Long-term strength training for 
community-dwelling people over 75: impact on muscle function, functional ability and life 
style. Eur J Appl Physiol. doi:10.1007/s00421-006-0195-8

Capodaglio P, Castelnuovo G, Brunani A, Vismara L, Villa V, Capodaglio EM (2010) Functional 
limitations and occupational issues in obesity. Int J Occup Saf Ergon 16:507–523

Cimolin V, Vismara L, Galli M, Zaina F, Negrini S, Capodaglio P (2011) Effects of obesity and 
chronic low back pain on gait. J Neuroeng Rehabil 26(8):55

Davidson LE, Hudson R, Kilpatrick K et al (2009) Effects of exercise modality on insulin resist-
ance and functional limitation in older adults: a randomized controlled trial. Arch Intern Med 
169(2):122–131

Davison KK, Ford ES, Cogswell ME, Dietz WH (2002) Percentage of body fat and body mass 
index are associated with mobility limitations in people aged 70 and older from NHANES 
III. J Am Geriatr Soc 50(11):1802–1809

Donini LM, Brunani A, Sirtori A et al (2010) Assessing disability in morbidly obese individuals: 
the Italian society of obesity test for obesity-related disabilities. Disabil Rehabil 1–10 (Early 
Online). doi:10.3109/09638288.2011.575529

Duvigneaud N, Matton L, Wijndaele K et al (2008) Relationship of obesity with physical 
activity, aerobic fitness and muscle strength in flemish adults. J Sports Med Phys Fitness 
48(2):201–210

Farrell RT, Gameli RL, Aleem RF, Sinacore DR (2008) The relationship of body mass index and 
functional outcomes in patients with acute burns. J Burn Care Res 29:102–108

Frimel TN, Sinacore DR, Villareal DT (2008) Exercise attenuates the weight-loss-induced reduc-
tion in muscle mass in frail obese older adults. Med Sci Sports Exerc 40(7):1213–1219

Grant S, Todd K, Aitchison TC, Kelly P, Stoddart D (2004) The effects of a 12-week group exer-
cise programme on physiological and psychological variables and function in overweight 
women. Public Health 118(1):31–42

Hamilton BB, Laughlin JA, Fiedler RC, Granger CV (1994) Interrater reliability of the 7-level 
functional independence measure (FIM). Scand J Rehabil Med 26(3):115–119

Heo M, Pietrobelli A, Wang D, Heymsfield SB, Faith MS (2010) Obesity and functional impair-
ment: influence of comorbidity, joint pain, and mental health. Obesity (Silver Spring) 
18(10):2030–2038

Jensen GL, Hsiao PY (2010) Obesity in older adults: relationship to functional limitation. Curr 
Opin Clin Nutr Metab Care 13:46–51

Kelly KR, Haus JM, Solomon TP et al (2011) A low-glycemic index diet and exercise inter-
vention reduces TNF(alpha) in isolated mononuclear cells of older, obese adults. J Nutr 
141(6):1089–1094

Lebrun CE, van der Schouw YT, de Jong FH, Grobbee DE, Lamberts SW (2006) Fat mass rather 
than muscle strength is the major determinant of physical function and disability in postmen-
opausal women younger than 75 years of age. Menopause 13(3):474–481

Lim JY, Tchai E, Jang SN (2010) Effectiveness of aquatic exercise for obese patients with knee 
osteoarthritis: a randomized controlled trial. PMR 2(8):723–731

http://dx.doi.org/10.1007/s00421-006-0195-8
http://dx.doi.org/10.3109/09638288.2011.575529


CORRECTED P
ROOF

1236  Effectiveness of Multidisciplinary

Macfarlane GJ, de Silva V, Jones GT (2011) The relationship between body mass index 
across the life course and knee pain in adulthood: results from the 1958 birth cohort study. 
Rheumatology (Oxford) 50(12):2251–2256

Manini TM, Newman AB, Fielding R et al (2010) Effects of exercise on mobility in obese and 
nonobese older adults. Obesity (Silver Spring) 18(6):1168–1175

Mathias S, Nayak USL, Isaacs B (1986) Balance in elderly patients: the ‘Get up and go’ test. 
Arch Phys Med Rehabil 67:387–389

Menegoni F, Galli M, Tacchini E, Vismara L, Cavigioli M, Capodaglio P (2009) Gender-specific 
effect of obesity on balance. Obesity (Silver Spring) 16(2):232–239

Messier SP, Loeser RF, Miller GD et al (2004) Exercise and dietary weight loss in overweight 
and obese older adults with knee osteoarthritis: the arthritis, diet, and activity promotion trial. 
Arthr Rheumatol 50(5):1501–1510

Miller GD, Nicklas BJ, Davis C, Loeser RF, Lenchik L, Messier SP (2006) Intensive weight loss 
program improves physical function in older obese adults with knee osteoarthritis. Obesity 
(Silver Spring) 14(7):1219–1230

Ministero della Salute. Quaderni, del, Ministero, della. Marzo-Aprile 2011 Roma: Istituto 
Poligrafico e Zecca dello Stato;vol 8

Padwal RS, Wang X, Sharma AM, Dyer D (2012) The impact of severe obesity on post-acute 
rehabilitation efficiency, length of stay, and hospital costs. J Obes 2012:972365(Epub 2012 
Feb 22)

Peytremann-Bridevaux I, Santos-Eggimann B (2008) Health correlates of overweight and obesity 
in adults aged 50 years and over: results from the survey of health, ageing and retirement in 
europe (SHARE). Obesity and health in europeans aged > or = 50 years. Swiss Med Wkly 
138(17-18):261–266

Podeszwa DA, Stanko KJ, Mooney JFr, Cramer KE, Mendelow MJ (2006) An analysis of the 
functional health of obese children and adolescents utilizing the PODC instrument. J Pedatric 
Orthop 26(1):140–143

Precilios H, Brunani A, Cimolin V, Tacchini E, Donini LM, Fabris DeSouza S, Capodaglio P 
(2012) Measuring changes after multidisciplinary rehabilitation of obese individuals. J 
Endocrinol Invest (Jan 31 2012). [Epub ahead of print]

Ramsay SE, Whincup PH, Shaper AG, Wannamethee SG (2006) The relations of body com-
position and adiposity measures to ill health and physical disability in elderly men. Am J 
Epidemiol 164(5):459–469

Riddiford-Harland DL, Steele JR, Baur LA (2006) Upper and lower limb functionality: are these 
compromised in obese children? Int J Pediatr Obes 1(1):42–49

Ropka ME (2002) Symptom status and functional status outcomes: humanistic outcomes in obe-
sity disease management. Obes Res 10(suppl 1):42S–49S

Schlenk EA, Lias JL, Sereika SM, Dunbar-Jacob J, Kwoh CK (2011) Improving physical activity 
and function in overweight and obese older adults with osteoarthritis of the knee: a feasibility 
study. Rehabil Nurs 36(1):32–42

Sjolie AN (2004) Low-back pain in adolescents is associated with poor hip mobility and high 
body mass index. ScandJ Med Sci Sports 14(3):168–175

Stenholm S, Harris TB, Rantanen T, Visser M, Kritchevsky SB, Ferrucci L (2008) Sarcopenic 
obesity: definition, cause and consequences. Curr Opin Clin Nutr Metab Care 11(6):693–700

Sternfeld B, Ngo L, Satariano WA, Tager IB (2002) Associations of body composition with phys-
ical performance and self-reported functional limitation in elderly men and women. Am J 
Epidemiol 156(2):110–121

Stickles B, Phillips L, Brox WT, Owens B, Lanzer WL (2001) Defining the relationship between 
obesity and total joint arthroplasty. Obes R` 9(3):219–223

Suri P, Morgenroth DC, Hunter DJ (2012) Epidemiology of osteoarthritis and associated comor-
bidities. PMR 4(5 Suppl):S10–S19

Taylor ED, Theim KR, Mirch MC et al (2006) Orthopedic complications of overweight in chil-
dren and adolescents. Pediatrics 117(6):2167–2174



CORRECTED P
ROOF

124 P. Capodaglio et al.

Thomas DR (2007) Loss of skeletal muscle mass in aging: examining the relationship of starva-
tion, sarcopenia and cachexia. Clin Nutr 26(4):389–399

Villareal DT, Banks M, Sinacore DR, Siener C, Klein S (2006) Effect of weight loss and exercise 
on frailty in obese older adults. Arch Intern Med 17(2):172–173

Villareal DT, Chode S, Parimi N et al (2011) Weight loss, exercise, or both and physical function 
in obese older adults. N Engl J Med 364(13):1218–1229

Vincent HK, Vincent KR (2008) Obesity and inpatient rehabilitation outcomes following knee 
arthroplasty: a multicenter study. Obesity (Silver Spring) 16(1):130–136

Vincent KR, Vincent HK, Lee LW, Alfano AP (2006a) Inpatient rehabilitation outcomes in pri-
mary and revision total knee arthroplasty patients. Clin Orthop Rehabil 446:201–207

Vincent HK, Alfano AP, Lee L, Vincent KR (2006b) Sex and age effects on outcomes of total hip 
arthroplasty after inpatient rehabilitation. Arch Phys Med Rehabil 84(4):461–467

Vincent HK, Bourguignon C, Vincent KR (2006c) Resistance training lowers exercise-induced 
oxidative stress and homocysteine levels in overweight and obese older adults. Obesity 
(Silver Spring) 14(11):1921–1930

Vincent HK, Dejong G, Mascarenhas D, Vincent KR (2009) The effect of body mass index and 
hip abductor brace use on inpatient rehabilitation outcomes after total hip arthroplasty. Am J 
Phys Med Rehabil 88:201–209

Vincent HK, Lamb KM, Day TI, Tillman SM, Vincent KR, George SZ (2010a) Morbid obesity is 
associated with fear of movement and lower quality of life in patients with knee pain-related 
diagnoses. PMR 2(8):713–722

Vincent HK, Omli MR, Day TI, Hodges M, Vincent KR, George S (2010b) Fear of movement, 
quality of life and self-reported disability in obese patients with chronic lumbar pain. Pain 
Med 12(1):154–164

Vincent HK, Seay AN, Vincent KR, Atchison JW, Sadasivan K (2012a) Effects of obesity on 
rehabilitation outcomes after orthopedic trauma. Am J Phys Med Rehabil (Jun 3 29, Epub 
ahead of print)

Vincent HK, Raiser SN, Vincent KR (2012b) The aging musculoskeletal system and obesity-
related considerations with exercise. Ageing Res Rev (in press)

Visser M, Langlois J, Guralnik JM et al (1998a) High body fatness, but not low fat-free mass, 
predicts disability in older men and women: the Cardiovascular Health Study. Am J Clin Nutr 
68(3):584–590

Visser M, Harris TB, Langlois J et al (1998b) Body fat and skeletal muscle mass in relation to 
physical disability in very old men and women of the Framingham Heart Study. J Gerontol A 
Biol Sci Med Sci 53(3):M214–M221

Ware JJ, Kosinski M, Keller SD (1996) A 12-Item short-form health survey: construction of 
scales and preliminary tests of reliability and validity. Med Care 34(3):220–233

Wilson AC, Samuelson B, Palermo TM (2010) Obesity in children and adolescents with chronic 
pain: associations with pain and activity limitations. Clin J Pain 26(8):705–711

World health organization (2008) The global burden of disease: 2004 update. World Health 
Organization, Geneva

Xu X, Mirka GA, Hsiang SM (2008) The effects of obesity on lifting performance. Appl Ergon 
39:93–98



CORRECTED P
ROOF

Metadata of the chapter that will be visualized in
SpringerLink

Book Title Disabling Obesity
Series Title

Chapter Title Cardiac Rehabilitation

Copyright Year 2013

Copyright HolderName Springer-Verlag Berlin Heidelberg

Corresponding Author Family Name Gondoni
Particle

Given Name Luca A.
Suffix

Division Istituto Auxologico Italiano

Organization IRCCS-Ospedale San Giuseppe Cardiac Rehabilitation

Address via Cadorna, 90, 28824, Piancavallo di Oggebbio, Verbania, Italy

Email gondoni@auxologico.it

Abstract The combination of both sedentary lifestyle and unrestricted food availability increases the prevalence of
obesity and type 2 diabetes and therefore the risk of cardiovascular morbidity and mortality due to coronary
artery disease. A cardiomyopathy of obesity where the myocardial abnormalities cannot be ascribed to
comorbidities is well recognized and its presence is supported both by experimental models and by
epidemiological and clinical studies: left ventricular hypertrophy, reduced diastolic and systolic function,
chronotropic incompetence are the typical features of the obesity cardiomyopathy. Moreover obese subjects
have a high prevalence of diabetes, hypertension, atrial fibrillation, and sleep apnea. Cardiac rehabilitation
programs include diet, physical exercise, and behavioral counseling as a strategy to fight obesity and its
consequences and can possibly reverse the anomalies in cardiovascular function. The results are encouraging
and obesity cardiomyopathy can partially be reversed by means of rehabilitation programs. Unfortunately,
the obese often regain weight even after an early success. The adoption of an active lifestyle can have a
favorable impact on prognosis in obese patients independently of weight loss. In this chapter, the modifications
that occur in cardiac structure and function of obese subjects, the approach to cardiac rehabilitation, and the
main results of weight loss and exercise are reviewed.



CORRECTED P
ROOF

125

Abstract  The combination of both sedentary lifestyle and unrestricted food 
availability increases the prevalence of obesity and type 2 diabetes and therefore 
the risk of cardiovascular morbidity and mortality due to coronary artery dis-
ease. A cardiomyopathy of obesity where the myocardial abnormalities cannot be 
ascribed to comorbidities is well recognized and its presence is supported both by 
experimental models and by epidemiological and clinical studies: left ventricular 
hypertrophy, reduced diastolic and systolic function, chronotropic incompetence 
are the typical features of the obesity cardiomyopathy. Moreover obese subjects 
have a high prevalence of diabetes, hypertension, atrial fibrillation, and sleep 
apnea. Cardiac rehabilitation programs include diet, physical exercise, and behav-
ioral counseling as a strategy to fight obesity and its consequences and can possi-
bly reverse the anomalies in cardiovascular function. The results are encouraging 
and obesity cardiomyopathy can partially be reversed by means of rehabilitation 
programs. Unfortunately, the obese often regain weight even after an early suc-
cess. The adoption of an active lifestyle can have a favorable impact on prognosis 
in obese patients independently of weight loss. In this chapter, the modifications 
that occur in cardiac structure and function of obese subjects, the approach to car-
diac rehabilitation, and the main results of weight loss and exercise are reviewed.

7.1 � Introduction

Obesity is strongly related to heart disease and is part of a metabolic imbalance 
associated with an unfavorable cardiovascular risk profile. The prevalence of dia-
betes, arterial hypertension, and dyslipidemia is high in obese subjects who are 
therefore at high risk for coronary artery disease (Bogers et al. 2007). Moreover, 
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a specific obesity cardiomyopathy has been described, which is a condition deter-
mined by a complex hemodynamic derangement: increased circulating blood vol-
ume causes ventricular overload and therefore ventricular remodeling. Endocrine 
abnormalities such as insulin resistance, increased activity of the renin–angioten-
sin–aldosterone system which in turn activates the sympathetic nervous system 
all give a relevant contribution to the development of the obesity cardiomyopathy; 
last a direct pathogenic effect of adiposity exists which acts through endothelial 
dysfunction, vasculopathy, and the proinflammatory status that derives from adi-
posopathy (i.e., adipose tissue dysfunction) that characterizes obesity (Bays 2011). 
The eventual picture is characterized by the presence of left ventricular hypertro-
phy, diastolic and systolic dysfunction, altered autonomic balance, altered heart 
rate response to exercise, and a high prevalence of atrial fibrillation.

Cardiac rehabilitation is an active multifactorial process aimed at favoring clin-
ical stability, reducing disability, maintaining an active role in society, reducing 
cardiovascular events, improving quality of life, and survival. In recent years the 
concept of rehabilitation has evolved from a disease-centered process to a person-
centered one. The patient is no longer regarded as a person who is sick but as a 
person who has rights. Even if the evidence supporting the reversibility of the obe-
sity cardiomyopathy when a sustained weight loss is obtained is sufficiently clear, 
conventional cardiac rehabilitation programs are only marginally interested to this 
issue and do not describe specific interventions. Our program tries to tackle the 
problems of patients who add up obesity to their heart problems.

7.2 � Obesity and Heart Disease

The first description of “adipositas cordis” has been published in the early nine-
teenth century (Cheyne 1818). Since then, much has been discovered on this topic 
and I will very briefly review the main features of this multifaceted relationship.

The activation of the renin-angiotensin-aldosterone and sympathetic nerv-
ous system contributes, together with sodium and volume retention, to the rise in 
blood pressure and exerts direct trophic effects on cardiac myocytes resulting in a 
progressive impairment of left ventricular filling and, subsequently, diastolic and 
systolic dysfunction that can eventually progress to heart failure. Insulin resistance 
has been linked to the development of early myocardial abnormalities in obese 
individuals, it promotes myocardial fatty acid uptake and can increase the levels 
of circulating angiotensinogen. Of note, angiotensin II is a potent growth factor 
for cardiac myocytes and favors hypertrophy and fibrosis. Myocardial dysfunc-
tion further activates the renin-angiotensin-aldosterone system and therefore sym-
pathetic nervous system introducing a vicious cycle. Obese have increased levels 
of adipokines, free fatty acids, and inflammatory mediators which cause adipocyte 
dysfunction and induce adverse effects in the heart and vascular bed (de Ferranti 
and Mozarrafian 2008). Leptin resistance also characterizes the obese state and 
contributes to the increased sympathetic nervous system activity: it is associated 
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with the development of hypertension and mediates the effects of growth hormone, 
inducing cardiac hypertrophy (Sweeney 2010). Lipotoxicity, that is typical to the 
obesity condition, is the process by which the excess of fatty acids and triglyc-
erides in cardiac myocytes is metabolized in non-oxidative pathways that disrupt 
normal cellular signaling leading to organ dysfunction and in some cases apoptosis 
and eventual myocardial dysfunction (Wende and Abel 2010). Obesity is also one 
of the conditions associated with increased reactive oxygen species, i.e., chemi-
cally reactive molecules containing oxygen which are a natural by-product of the 
normal metabolism of oxygen but can increase markedly during environmental 
stress, causing significant damage to cell structures. They cause a decrease in the 
bioavailability of nitric oxide which is probably the common pathogenic mecha-
nism of endothelial dysfunction (Capellini et al. 2010). Obese individuals finally 
have impaired microcirculatory responses to stress which might be related to the 
increased propensity of obese individuals to develop hypertension (Agapitov et al. 
2002) and be an important pathophysiologic link to heart failure (Bagi et al. 2012).

Ventricular remodeling and myocardial abnormalities associated to altered 
hemodynamics and loading conditions were the first factors identified in the 
pathogenesis of obesity cardiomyopathy. The high metabolic activity of adipose 
tissue and the increased lean mass of obese subjects lead to a circulatory state 
characterized by increases both in preload and afterload, which predispose individ-
uals to left ventricular remodeling and dilatation, increase wall stress and therefore 
promote compensative ventricular hypertrophy. The augmented wall stress causes 
a concomitant increase in myocardial oxygen consumption, with eventual left ven-
tricular dysfunction. Myocyte contractile dysfunction activates cardiac adrenergic 
drive, which initially compensates for, but ultimately contributes to remodeling 
and progressive contractile dysfunction. This peculiar hemodynamic situation has 
been described by Alpert who proposed a model for the pathophysiology of the 
obesity cardiomyopathy (Alpert 2001) (Fig. 7.1).

Heart failure with preserved ejection fraction is frequently associated with 
hypertension and obesity: it is currently considered as a combination of diastolic 
dysfunction and subclinical systolic dysfunction and has a poor prognosis which 
is only slightly better than that of the classical systolic heart failure syndrome. The 
physio-pathological picture may be regarded as a good model to describe the obe-
sity cardiomyopathy: its main features include abnormal diastolic filling, which is 
easily documented by Doppler techniques and tissue Doppler imaging, left ven-
tricular hypertrophy or concentric remodeling, myocardial fibrosis, increased left 
ventricular stiffness which is the result of the combined effects of the passive 
elastic properties of the ventricle, the energy dependent active relaxation proper-
ties, and the atrial contribution to ventricular filling. This derangement increases 
left ventricular filling pressure and subjects patients to a marked dependence on 
preload and afterload: indeed even small ventricular volume increments cause a 
significant increase in filling pressure while an increase in blood pressure causes 
an afterload mismatch with a severe diastolic dysfunction that might even deter-
mine acute pulmonary edema (Zarich et al. 1991; Peterson et al. 2004; Wong et al. 
2004; Wong and Marwick 2007; Lavie et al. 2007).
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The whole picture of obesity cardiomyopathy includes also alterations of the 
right ventricular structure and function (Wong et al. 2006). This is partly due to the 
functional dependence of the ventricles but also to the high prevalence of obstruc-
tive sleep apnea that is a condition characterized by repetitive interruption of ven-
tilation during sleep, caused by the collapse of the pharyngeal airway. Obstructive 
apneas are very common in the obese and induce intermittent hypoxemia and 
hypercapnia disrupting the autonomic and hemodynamic responses to sleep, caus-
ing a heightened sympathetic drive, and acting also as an important mechanism for 
triggering systemic inflammation and endothelial dysfunction. During apneas the 
patient makes a forced inspiration against a closed upper airway thus generating 
a negative pressure in the chest cavity, which impairs atrial and ventricular filling. 
Almost every type of arrhythmia may be present in patients with sleep apnea: in 
particular ventricular ectopic beats, ventricular tachycardia, sinus arrests are preva-
lent (Selim et al. 2010). The same is true for atrial fibrillation which is another 
condition with a high prevalence in the obese population (Smith et al. 2010) and 
can be detrimental in the hemodynamics of patients who already have diastolic 
dysfunction. The excess risk for atrial fibrillation associated with obesity, besides 
the presence of apneas, is related to left atrial dilatation which is very frequent in 
the obese (Wang et al. 2004).

Fig. 7.1   Model for the 
pathophysiology of the 
obesity cardiomyopathy 
(modified from Ref. Alpert 
2001)
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A peculiar response to exercise in obese patients has been described which is 
mediated by the altered autonomic balance: parasympathetic function is decreased 
while sympathetic nervous tone is augmented in obesity (Esler et al. 2001). Obese 
have however a reduced response to sympathetic stimuli, regardless of basal sympa-
thetic tone. We studied heart rate behavior in a group of obese patients and we found 
that heart rate response to exercise is markedly abnormal in the obese (Gondoni  
et al. 2009): resting heart rate is similar in normal weight, overweight and obese 
individuals, but heart rate at peak exercise, chronotropic index (i.e. the ability to use 
chronotropic reserve) and heart rate recovery (i.e., the decrease in heart rate imme-
diately after effort cessation) are all lower in obese subjects. Once again a parallel 
can be found with the subjects with heart failure and preserved ejection fraction who 
have a marked chronotropic incompetence which contributes to the reduced exercise 
capacity which characterizes this condition (Borlaug et al. 2006). Obese patients 
also have a blunted response during exercise in cardiac index and in systemic vascu-
lar resistance index: blood pressure always increases during physical effort, but has 
a more marked surge in obese than in lean subjects (Fornitano and Godoy 2010). In 
a group of healthy subjects, the increase in both systolic and diastolic blood pressure 
was higher in the obese group as opposed to controls (Burger et al 2009). Finally 
cardiac output, albeit being higher at rest, has a lower increase in obese during exer-
cise as opposed to lean counterparts (Alauddin et al. 1990).

The reduced exercise tolerance of obese can therefore be explained by a set of 
cardiovascular variables, that include a greater cardiac workload at any level of 
physical activity (which is determined by the excess of body weight), a blunted 
heart rate response to exercise, a reduced vasodilatation, an excessive increase in 
blood pressure, a subclinical diastolic and systolic dysfunction with an elevated 
filling pressure that further increases during exercise, and a lower cardiac output 
that doesn’t adequately increase during effort.

7.3 � Cardiac Rehabilitation in the Obese

Cardiac rehabilitation traditionally has paid little attention to disability. Coronary 
artery disease is the first cause of death in the developed world but the issue of 
the degree of disability related to this condition has been addressed only by a few 
studies: nevertheless it is estimated that coronary artery disease is the fourth cause 
of disability accounting for 4.1 % of disability adjusted life years (WHO 2008). In 
patients with coronary artery disease, aged 63 ± 11 years, significant limitations in 
household and work activities are documented using the WHO-DAS II scores and 
the same is true in several domains of the ICF model (Racca et al. 2010).

If we look at the indications for an intensive residential rehabilitation program 
listed in the Italian guidelines (Istituto Superiore di Sanità 2008) we find a series 
of cardiac conditions such as recent cardiac surgery, recent myocardial infarc-
tion, recent coronary angioplasty, heart failure (NYHA class III-IV), and, what is 
particularly relevant to this chapter, patients with high or intermediate risk, even 
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without an index event when a rehabilitation program can prevent or slow the pro-
gression of the disease: no mention at all of disability. As a consequence, quite 
often rehabilitation outcomes include mortality, need for revascularization inter-
ventions, dyspnea, and other clinical relevant parameters and they overlook the 
disability that the disease causes.

Even more importantly, when we are dealing with obese patients we have 
to consider that obesity per se is a relevant cause of disability (Backholer et al. 
2012; DeCaria et al. 2012): the probability that an elderly cohort of patients has to 
develop disability has a U-shaped relationship with BMI, being lower in the over-
weight subset of patients and higher in the obese group and in the lowest BMI 
group (<18.5 kg/m2). What is interesting is that weight cycling and weight vari-
ability (particularly weight loss) increase both mortality and the risk of limitations 
in activities of daily living and mobility (Arnold et al. 2010).

In a classical cardiac rehabilitation program the main components include 
management of lipid levels, management of hypertension, cessation of smoking, 
weight reduction, management of diabetes, psychosocial management, physical-
activity counseling, and exercise training (Ades 2001).

In obese subjects, current guidelines indicate that weight loss is the main goal 
of rehabilitation programs and it has to be pursued by behavioral modification, 
diet, and exercise (Ades et al. 2010): the results of such behavioral interventions 
are often disappointing, but we have to consider that the available drugs are poorly 
effective and bariatric surgery, although potentially useful, is expensive and, by def-
inition, very much invasive and is therefore reserved to the more difficult situations.

If we are to review the present scenario in cardiac rehabilitation of the obese we 
can identify some problems which affect the process: the percentage of patients 
who accesses the programs is low even after an acute event and a treatment gap 
exists between recommended therapies and the care that patients actually receive. 
Moreover, one of the critical issues that we have to consider is a methodological 
one that hinders rehabilitation research: we might have to strive for a paradigm 
shift from randomized controlled trials to observational studies. There is no doubt 
that randomized trials have been one of the key instruments in medical research 
for several decades, but, when we are dealing with behavioral interventions, the 
design of randomized controlled trial poses some problems: do we really have the 
possibility to identify a placebo group in such settings? For instance, if my aim 
is to measure the efficacy of physical training on cardiovascular risk factors in 
obese subjects how can I randomize a group to nonintervention? When I visit a 
patient and tell him/her that he/she will be recruited in a clinical trial that studies 
the effects of physical activity (and I have to do that, since the patient has to con-
sent to data collection and use) how can I tell him/her not to exercise since he/she 
has been allocated to the nonintervention group? Definitely, if my intervention is a 
supervised one I will have a much higher compliance in the intervention group, but 
I am not comparing a treatment to a placebo. I can compare different methods of 
exercise, but, even if this could be an interesting point, the true problem is to have 
a high adherence to behavioral prescriptions and not to compare different diet and/
or exercise models. Such difficulties can at least partially explain the bad results of 
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a recent trial (West et al. 2012). The need to make a careful selection of patients 
in randomized studies poses critical problems when we try to extend the results 
from the study population to the real world: for instance, the Multiple Risk Factor 
Intervention Trial (MRFIT) actually enrolled 12,679 patients, while the authors 
have screened over 300,000 subjects (MRFIT 1976). Are we sure that this subset 
is truly representative of the whole population? One of the first randomized trials 
on behavioral interventions for obesity demonstrated a significant improvement in 
weight and cardiovascular risk in obese subjects who underwent a one-year inten-
sive lifestyle intervention consisting of diet and physical activity (Goodpaster et al. 
2010). Nearly 600 subjects were considered eligible, but only 130 (21.8 %) were 
actually randomized to the study protocol: the reasons that stand behind the exclu-
sion are various, the main issue being represented by 178 candidates (a number 
which is bigger than the actual study population) who were excluded because they 
“did not attend” or were “not interested”: I am strongly convinced that these are 
the patient that we are presently unable to treat efficaciously. We have also to con-
sider that obesity is a cause of social disparities and an unfavorable social environ-
ment is a potential contributor to the development of obesity (Clarke et al. 2010; 
Dugravot et al. 2010). It is probable that the subjects who are more predisposed to 
become obese are the same who are less inclined to attend a trial.

A non-randomized method gives the opportunity of studying variables in the set-
ting of clinical intervention and has a more widespread and significant enforceability 
in clinical practice (McKee et al. 1999): therefore a possible way to overcome the 
difficulties that randomized trials created is to use observational data and to identify 
the patients that respond poorly to the existing programs, including subjects who are 
lost on their way: this will help us in designing more tailored plans or even in decid-
ing that peculiar categories of patients are not suitable for a rehabilitation program. 
We have done such a study which describes the results of our program in a popula-
tion of obese subjects with chronic ischemic heart disease (Gondoni et al. 2008): 
we found that, after a 23-day intervention, mean BMI decreased from 38.0 ± 4.9 
to 36.7 ± 4.8 kg/m2 and attained METs at a treadmill test increased from 6.2 ± 2.5 
METs to 7.3 ± 2.7 (p < 0.001 for both), but, after a median interval of 358 days, 
BMI have increased by 1.0 ± 2.4 kg/m2 and only 21 % of patients continued to lose 
weight. I think that the more interesting feature of our study has been the identifica-
tion of the weakest subsets of population who are represented by the elderly, the 
diabetics, and the women: they do need a different protocol from what is currently 
used. Moreover, and this might be very relevant to the definition of better rehabili-
tation programs, bad results, both in weight loss and in exercise tolerance, were 
obtained by the less educated people, even if the program was strictly supervised: 
we do not exactly know why this category of patients did worse than the more edu-
cated ones, but this raises profound issues in both social and clinical aspects.

A word on drug prescription and treatment optimization is worth. This is a 
relevant point that can be addressed during a rehabilitation program: the issue is 
not negligible since quite often guidelines are not fully respected and patients are 
treated suboptimally. For instance, in 1,172 consecutive patients affected with obe-
sity and coronary artery disease who underwent a cardiac rehabilitation program 
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at our institution, the percentage of subjects taking a statin at admission was only 
75 %. Moreover, the choice of treatment can be made, whenever possible, accord-
ing to the effect on weight that some drugs have: just as an example, treatment 
of type 2 diabetes is preferably achieved with metformin that favors weight loss 
rather than with sulfonylureas that tend to cause weight increase. This topic has 
been recently reviewed (Bray and Ryan 2012): the authors also addressed the issue 
of the pharmacological treatment of non-complicated obesity.

I would like to concentrate on two other relevant aspects of cardiac rehabilita-
tion in the obese: patient-centered care and physical training.

7.3.1 � Patient-Centered Care

Patient-centered care is one of the goals of medicine in the third millennium. It 
applies to all specialties, but rehabilitation is a setting in which this concept can 
be more vigorously implemented because times are longer than the ones of acute 
medicine and therefore more suitable for the physician to cope with patients’ 
necessities. Recently a statement has been published by the American College of 
Cardiology Foundation (American College of Cardiology Foundation 2012) which 
reviews the topic in detail and I will only briefly summarize the key points.

Clinician–patient communication, a must in every field of medicine, should be 
patient-centered to include the patient perspective and the psychosocial context 
along with shared understanding and responsibility. On the contrary, quite often 
clinicians do not allow patients to express their concerns during clinical interviews 
and redirect them toward the issue that the clinician himself deems interesting. 
Beyond time constraints and doctors’ resistance, this idea brings forward a rev-
olution in the patient/clinician relation shifting the pivotal point from the doctor 
toward the patient.

Health literacy improvement is one of the goals of rehabilitation programs that 
generally offer the patients the opportunity to participate in meetings where clini-
cally meaningful problems are explained and discussed together with nurses or 
clinicians. Even highly educated adults may be challenged by processing, under-
standing, and using health-related information to make appropriate decisions about 
their health. Low health literacy can result in decreased adherence to medical 
recommendations, failure to engage in healthy behaviors, and inferior outcomes. 
Indeed a high percentage of the patients who participate in our program has a low 
literacy level: only 6  % of patients have a university degree, 19  % have a high 
school diploma and over 35 % of subjects has no education or has obtained only 
a 5 year elementary school qualification. All these patients can hopefully improve 
awareness of their health problems.

Ideally, within the patient-centric model of care, the life experiences and health 
attitudes of patients must be incorporated into communication and decision mak-
ing: when clinicians are oblivious to individual patient needs, the chance that qual-
ity care or outcome improvements ensue is low, while the well informed patient 
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is more likely to be actively engaged in his or her health management, including 
behavioral modifications that remain the cornerstone of the treatment of obesity.

Within this perspective, quality of life should be one of the standard measure 
which has to be performed in a rehabilitation program. Cardiovascular diseases 
manifest themselves through subjective symptoms that must be assessed explic-
itly. Traditional techniques include physicians’ interpretation of health status with 
the Canadian Cardiovascular Society classification for angina and the New York 
Heart Association classification for heart failure which have been demonstrated to 
have poor inter-rater reliability. Disease-specific, patient-reported outcome meas-
ures have been developed that enable patients to report their health status in valid, 
reproducible, and sensitive metrics shifting the perspective once again from the 
doctor’s to the patient’s one (Spertus 2008).

As a consequence, the decision making process moves toward a shared plane 
thus empowering patients who no longer delegate physicians, but, ideally, become 
protagonist in their health management: they should be encouraged to accept 
responsibility for managing their health condition and work collaboratively with 
their healthcare team. Anyway a problem still exists not only for doctors, but also 
among patients who seem to have a long way to go: “doctors should get down 
from their pedestals, but patients must get up from their knees” R. Johnstone of 
the International Association of Patients Organization says.

7.3.2 � Physical Training

Already in ancient Greece regular physical activity was considered an essential part 
of a healthy behavior. After a long time span during which physical fitness sank into 
oblivion, in the last 50 years a reappraisal took place and a large amount of evidence 
on the importance of physical activity has accumulated: the effects of regular aerobic 
training on cardiovascular risk and general wellbeing are clearly demonstrated and 
the same is true for resistance training that is recommended as a part of a compre-
hensive exercise program since it reduces inflammatory biomarkers in obese subjects 
and prevents sarcopenia (Ahmadi et al. 2011). In a study conducted in patients with 
heart failure and preserved ejection fraction and mean BMI around 30 kg/m2, after a 
4-month training period the study subjects improved their performance secondary to 
an improvement in peak heart rate, chronotropic reserve, and particularly in arterial-
venous oxygen difference (Haykowsky et al. 2012). The beneficial effects of regular 
exercise comprise a reduction of blood pressure, a better glucose uptake by muscle 
cells, an increase in HDL cholesterol, and weight loss. A good review of the topic 
has been published by Kokkinos and Myers (2010). Exercise is safe and the risk of a 
cardiovascular event is low after both high-intensity exercise and moderate-intensity 
exercise in a cardiovascular rehabilitation setting (Rognmo et al. 2012).

Exercise prescription is one of the challenging issue when dealing with 
obese patients who are affected with a variety of comorbidities that make it dif-
ficult to design a tailored program. Intensity, duration, and type of exercise are 
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the main characteristics on which we have to decide. As a preliminary remark, 
both intensity and duration are positively related to a reduction in incident coro-
nary heart disease in healthy subjects (Tanasescu et al. 2002). Current guide-
lines recommend intensity range between 3 and 6 METs on most days of the 
week. The caloric expenditure should be at least 1000 kcal/week and this goal 
can be achieved by walking 30 min every day or walking 60 min every second 
day with an almost identical effect on survival and quality of life. It should be 
noted that paradoxically the obese are forced to exercise more than lean sub-
jects: work is indeed defined as the product of distance and mass (the mass of 
an obese subject is obviously greater than the one of a lean person) and obese 
do a surplus of work only because their weight is bigger. Also cycling is a good 
exercise for obese subjects: it has several advantages over walking, i.e., the 
load is much lower since the patients is sitting and, if done on a cycle-ergom-
eter, it does not force the patient to go out and that may increase compliance. 
Nevertheless walking has zero expenses and favors social interaction since the 
patients must necessarily get out to walk. Attending a gym program can be use-
ful for improving muscular mass, articular mobility, body’s posture, and motor 
schemata.

For a more precise definition of intensity, which may be a valuable point in 
heart patients, we can use two standard approaches: the subjective one, which is 
generally based upon fatigue perception and a more objective one which relies on 
heart rate during exercise. In our experience the Borg scale, which is widely used 
to grade the rate of perceived exertion has low reliability, at least in obese, being 
influenced by the education of the patient even more than by the actual attained 
level of effort (Gondoni et al. 2010). Ideally the program should be targeted to a 
direct measure on oxygen consumption, however this is not always feasible and a 
variety of methods have been proponed which use heart rate as a measure for exer-
cise intensity. We think that target heart rate has to be based on two parameters, 
i.e., baseline heart rate and peak heart rate during a symptom limited treadmill 
stress test. This is the consequence of the abnormal behavior of heart rate in obese 
patients which has been discussed earlier and drug treatment that very often in 
coronary artery disease and/or heart failure includes beta-blockers (or other drugs) 
that reduce both resting and peak effort heart rate. We have utilized the formula 
Target HR =  Resting HR +  (Peak HR −  Resting HR) ×  0.7 i.e., resting heart 
rate + 70 % of the chronotropic reserve: that level of effort is generally associated 
with a “comfortable fatigue” sensation.

As a general rule, as we were noting before, exercise should include both 
aerobic and resistance training. However the debate on the type of exercise that 
carries the best results in obesity rehabilitation is still open: possibly an evo-
lutionary approach can enlighten the picture. Human beings of the third mil-
lennium are genetically almost identical to their very far ancestors. The homo 
genus appeared on earth some 2,400,000 years ago. Only in the last 10,000 years 
human beings began to change the environment in which they lived instead to 
merely adapt them to it, beginning in the Middle East where the first transition 
from the hunter/gatherer model to the agriculture and breeding model took place. 
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Only very recently the industrial and computer revolutions changed dramatically 
the environment in which we live. 10,000  years are way too short a period to 
modify significantly our genetics. Therefore, the exercise we are programmed 
for is the same that hunters/gatherers did for hundreds of centuries (O’Keefe  
et al. 2011). In Paraguay, where several years ago the anthropologist Kim Hill 
had the opportunity to study the Ache people who still live as hunter-gather-
ers, the typical activity consisted of hunting almost every day (excepting when 
it rained, which generally happened twice a week): that means walking for 
10 km on an uneven ground, with bursts of high intensity activity (i.e., running 
and chasing the quarry for 1–2  km). After a very hard day, they tried to have 
a quiet day, but the word “quiet” needs to be more precisely defined: the quiet 
day entailed house-keeping, gathering of vegetables and wood, butchery of cap-
tured animals, social activities (that included dancing) etc. Calories expenditure 
was therefore very high and food intake not always took place on a regular basis: 
indeed obesity was virtually absent in the past. With almost the same genetic 
configuration, we live in an environment where physical activity is no longer a 
necessity and the opportunity for exercise has to be actively sought; on the con-
trary food availability is superabundant and the consequence of this ominous 
combination is the dramatic prevalence of obesity.

A good activity program should therefore entail both aerobic training, small 
bursts of anaerobic high intensity activity, and strength exercise. In our institu-
tion patients, after attending a meeting during which the type of exercise are 
described and the beneficial effects on health are depicted, undergo an adapted 
physical activity program. Individualized aerobic activity consists of cycle ergom-
eter, recline ergometer, or arm ergometer (the choice depending on orthopedic 
problems): on the first day the patient exercises until fatigue or dyspnea ensue. 
From the second day on, exercise duration is prolonged gradually until the patient 
reaches 30  min without interruption. The same increasing curve is adopted for 
intensity that increases progressively until the target heart rate is reached. The aim 
of such a duration and intensity of exercise is to optimize fat oxidation (Achten 
and Jeukendrup 2004). For patients who do not have a treadmill test and there-
fore do not have a precise indication for heart rate the choice is to exercise at a 
heart rate around 60–70  % of the maximum age-predicted value. Heart rate is 
monitored with pulse oximeter or ECG telemetry depending on patient's charac-
teristics. When the patient is on beta-blocker therapy and therefore heart rate is no 
longer a useful tool to define exercise intensity, if a treadmill test is not available, 
we check the respiratory rate and do the talk test, which consists simply in asking 
the patient if he/she can talk comfortably while exercising. There are evidences 
that asking whether comfortable speech is possible results in exercise intensities 
that are within well-accepted guidelines for exercise prescription even without the 
necessity for preliminary exercise testing. Moreover the results are very similar in 
different modes of exercise (Persinger et al. 2004). For outdoor exercise the time 
increases progressively from 30 to 60  min: the intensity is generally measured 
trough the talk test since we do not have the possibility to use telemetry for ECG 
monitoring.
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The purpose of aerobic exercise is multifaceted: to improve exercise tolerance 
through metabolic, cardiovascular, respiratory, and muscular effects, to improve 
energy expenditure, particularly through fat oxidation, to improve mood, socializa-
tion, and self-esteem.

Patients also undergo a strength exercise program that is individualized consid-
ering patient’s characteristics. They work for 45–60 min on a daily basis at low 
intensity and the main purposes of this activity are to increase muscle strength, 
to balance muscle tone and mass, to reach a good equilibrium between flexor and 
extensor muscles, to improve joint stability and mobility, to improve motor coor-
dination, to improve body and motor schemata, and to relax both physically and 
psychologically.

7.3.3 � Results of Rehabilitation Programs

Overall cardiac rehabilitation has clinically relevant results in the obese, even if 
the improvement is generally less than that of the lean counterpart. A problem can 
possibly emerge since it is difficult to separate the effects of training and dieting 
because both interventions are almost always both included in programs. There is 
one study that compares the different effects of dieting and exercising (Villareal 
et al. 2011) in which the patients were assigned to one of four groups: a control 
group, a diet only group, a group that received only exercise training, and a group 
that received both weight management instruction and physical training. As it was 
easily foreseeable, the authors concluded that weight loss obtained with a combi-
nation of low calorie diet and exercise provides greater improvement in physical 
function than either intervention alone.

Considering this premise, that was widely accepted as a postulate even before 
its demonstration in a clinical trial, a wide amount of data supports the benefit of a 
combination of physical exercise and a low calorie diet.

Weight loss by any means (dieting or bariatric surgery) results in favorable 
hemodynamic changes and reverses heart remodeling left ventricular mass and 
chamber size decrease, ejection fraction slightly improves after a 12-week pro-
gram (Schrauwen-Hinderling et al. 2010). In subjects with uncomplicated obesity 
an improvement of a tissue Doppler index of systolic function has been demon-
strated (Gondoni et al. 2007; Brunani et al. 2008). Vagal function, and therefore 
heart rate variability, recovers after weight loss. Also heart rate behavior, barore-
flex sensitivity, and vagal tone improve after sustained weight loss (Brinkworth  
et al. 2006; Alvarez et al. 2005; Poirier et al. 2003). Heart rate recovery is slow in 
obese subjects, but it improves after exercise (Kim et al. 2009). Indeed virtually 
every index of cardiac function and marker of cardiovascular risk improves after 
diet and physical training.

We know that both diet and physical activity are important but, at least for 
patients, weight loss is definitely the first goal of their efforts and sometimes they 
have an overoptimistic anticipation of the results.
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7.3.4 � The Obesity Paradox

Contrary to common sense, it should be kept in mind that already a 5–10  % 
decrease is associated with clinically meaningful improvements and, if we were 
able to obtain a sustained weight loss, we could reduce or even correct all comor-
bidities such as impaired glucose tolerance and dyslipidemia and improve the 
overall cardiovascular risk (Mourot et al. 2010).

Nevertheless a word of caution on weight loss might be safe. Obesity has a 
complex relationship with all-cause mortality: the ideal BMI is around 23 kg/m2 
(Berrington de Gonzalez et al. 2010; Whitlock et al. 2009) and we can say with 
certainty that obesity is associated with increased death rates for many cause-spe-
cific outcomes. However we know from many good quality studies that, in patients 
with congestive heart failure, low BMI is a risk factor for mortality and the pres-
ence of obesity is associated with lower mortality when compared to normally 
weighting patients (Fonarow et al. 2007). These findings are also applicable to 
patients with other cardiovascular diseases, in particular in patients with coronary 
artery disease. Furthermore, this obesity paradox has been reported in patients 
with noncardiac diseases such as chronic lung or kidney disease.

What make those data disturbing is the need to reconcile them with what 
is known about young and healthy people, in whom obesity is a risk factor for 
adverse events. Even if the data are strong, there are several observation that 
I would like to put forward. Obesity is possibly only a marker and not an inde-
pendent factor of the protective effect: indeed obese patients with heart failure are 
younger, have more skeletal muscle mass, and have lower levels of natriuretic pep-
tides. Moreover the possibility exists that some of these patients are erroneously 
labeled as heart failure patients and their symptoms are actually secondary to obe-
sity that can cause dyspnea. Obese individuals have more fat free mass (i.e., more 
muscle mass) than patients who are not obese, and that in itself is beneficial.

What about weight loss in this category of patients? We must say there is no 
evidence that weight loss in heart failure results in an improvement in prognosis. 
Indeed probably no physician would advise weight loss for an obese patient (BMI 
30–35 kg/m2) with AIDS or a malignant cancer with metastases. So why are we 
suggesting obese patients with heart failure that they must lose weight? On the 
contrary there are evidences showing that weight loss in heart failure is associated 
with a poor outcome (Pocock et al. 2008). However, those considerations possibly 
do not apply to the morbid obese (i.e., BMI > 40 kg/m2) subset in whom data are 
scarce. Finally, one should also consider that our data concern mortality and not 
severity of symptoms and consequent quality of life. In a patient with obesity, if 
the focus of the treatment is on mitigating symptoms, weight loss may be of great 
value.

The attention that patients, and unfortunately doctors as well, have put on 
weight loss could be misleading: weight loss can even worsen the prognosis 
because it focuses on food restriction, thus favoring weight regain, eating disor-
ders and obesity stigmatization.



CORRECTED P
ROOF

138 L. A. Gondoni

7.3.5 � A New Goal

Cardiorespiratory fitness is a strong predictor of cardiovascular and all-cause mor-
tality (Kodama et al. 2009) and is the result of the interaction of several risk fac-
tors. Age and sex are the main determinants, but BMI (particularly percent body 
fat) and leisure time physical activity are key factors in explaining exercise capac-
ity (Gondoni et al. 2006; Lakoski et al. 2011). A tentative cutoff at 7.9 METs 
seems to separate patients with high or low rates of events. Obese subjects have 
a poor event-free life expectancy: in a consecutive sample of 3,728 obese patients 
who participated in our program, 732 were not able to perform a treadmill exercise 
test; of the remaining 2,996 the vast majority reached a peak exercise level of less 
than 7.9 METs and only 620 patients (21 %) exceeded that threshold.

A significant improvement in quality of life, as well as in life expectancy, might 
be achieved independently of weight change only because of regular exercise 
(Byberg et al. 2009). Cardiac rehabilitation causes a significant improvement in 
the cardiovascular risk profile at all levels of BMI, independently of weight loss. In 
a population-based study, interesting although not specifically dealing with obese 
patients, high intensity physical activity produced a 32 % reduction in mortality and 
even a moderate level of physical activity was enough to cause a 22 % reduction 
in mortality: those are big numbers. This issue whether it is weight or fitness that 
makes the difference has been addressed in an interesting study by Lee and cowork-
ers (Lee et al. 1999): they studied over 14,000 men and found that, for each 1-MET 
improvement, a 19 % decrease in cardiovascular mortality was present, regardless 
of BMI or percent body fat change. Obese subjects who exercise regularly have a 
lower risk for metabolic abnormalities and their consequences than sedentary obese 
and represent the so called ‘fat-but-fit’ phenotype. In an analysis of the NHANES 
population (Wildman et al. 2008) more than 30 % of the obese were free of risk 
factor clustering: they were the more active fraction of the population. Apparently 
the category of metabolically healthy obese is constituted by the insulin sensitive 
subjects who are identified by the absence of fatty liver disease (Stefan et al. 2008) 
which is another condition that can be favorably influenced by physical activity.

Considering that obesity is a chronic disease and therefore a complete recov-
ery is not foreseeable, we can try to adopt the same concepts that we use when 
we treat other chronic conditions such as, for example, hypertension or diabe-
tes, and set the ‘fat-but-fit’ phenotype as a new possible target for obese subjects. 
Within this perspective exercise plays the most relevant role and could be consid-
ered as the main treatment of obesity, allowing a large number of obese patients to 
improve their health status even without the achievement of ideal body weight or 
of a significant weight loss. We can say that an obese subject who is fit and exer-
cises regularly has a lower cardiovascular mortality than a normally weighing indi-
vidual who is unfit and sedentary (Sui et al. 2007). Therefore our target, even if 
most of the features that characterize the obesity cardiomyopathy can be reversed 
by means of weight loss, should mainly focus on the adoption of an active life 
style which has a great impact on the prognosis of obese patients.
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Abstract  Obesity has increased in the recent decades. It is the product of a mul-
tifactorial etiology and behavioral and social/cultural factors. Obesity implies a 
reduction in work capacity and a lower nocturnal sustainable level of ventilation. 
These conditions generally determine functional disabilities. Diet and physical 
activity are the classical therapeutic references of obesity, together with posi-
tive airway pressure in case of sleep-related disorders. This chapter describes the 
advisable indications and opportunities in recommending work programs at dif-
ferent power outputs considering the analysis in obese subjects of their work 
capacity and cardiopulmonary adaptation. Moreover, it describes biochemical 
modifications on some accepted drivers of cardiac and respiratory functions in 
normal subjects, and their likely effectiveness in conditioning work capacity in 
obesity. Finally, it talks about the most severe disorders related to sleep like obe-
sity hypoventilation syndrome and obstructive sleep apnea syndrome and their 
standard treatment.

8.1 � Introduction

Obesity is a condition characterized by an increase of body mass which requires 
a greater metabolic energy exchange at rest and especially during physical exer-
cise. Obese subjects are generally less active than normal subjects. They must 
overcome a functional impairment caused by a decrease in compliance of the res-
piratory system, with a reduced functional residual capacity (FRC) and expiratory 
reserve volume (ERV) (Naimark and Cherniack 1960). Moreover, well-established 

Chapter 8
Respiratory Rehabilitation, Work Capacity, 
and Sleep-Related Disorders in Obesity

Alberto Salvadori, Paolo Fanari and Alberto Braghiroli

P. Capodaglio et al. (eds.), Disabling Obesity, DOI: 10.1007/978-3-642-35972-9_8,  
© Springer-Verlag Berlin Heidelberg 2013

A. Salvadori (*) · P. Fanari 
Respiratory Rehabilitation, S Giuseppe Hospital, Istituto Auxologico Italiano IRCCS, 
Piancavallo, Verbania, Italy
e-mail: salvadori@auxologico.it

A. Braghiroli 
Respiratory Rehabilitation, Maugeri Foundation IRCCS, Veruno, NO, Italy
e-mail: alberto.braghiroli@fsm.it



CORRECTED P
ROOF

144 A. Salvadori et al.

indices of obesity, such as the body mass index (BMI), correlate with cardiac left 
ventricular mass and wall thickness (Lauer et al. 1991) and abnormalities of left 
ventricular diastolic filling have been observed in asymptomatic pathologically 
obese subjects at rest (Zarich et al. 1991).

Sleep is a privileged window for the assessment of respiratory function in obese 
patients and the treatment of sleep-related respiratory disorders is a cornerstone of 
respiratory rehabilitation. During wakefulness several features can mask a latent 
mechanical impairment of the respiratory system, which becomes apparent when 
behavioral control is suppressed, clinostatism is mandatory, and muscular tone 
decreases. Sleep-related respiratory disorders occur more often in obese patients 
and usually the greater the BMI the higher the probability of a respiratory disorder 
(i.e., obstructive apneas, hypoventilation, desaturations caused by ventilation/per-
fusion mismatch).

8.2 � Work Capacity in Obesity

In general, obese subjects have a decreased work capacity when compared to 
normals. Studied at a progressive cycle-ergometer test, young obese subjects 
26–27 years old have a maximal sustainable work capacity similar to that of nor-
mals, but an anaerobic threshold (AT) at work rates significantly lower than those 
of normals. According to Wasserman (1984), this implies that endurance time 
at maximal effort is less, and therefore that work capacity is less in obesity. In 
older obese subjects there is a significant reduction both in AT and maximal sus-
tainable work capacity, which may probably mean a heavier reduction in perfor-
mance with aging compared to normals. Cycle-ergometer has the advantage that 
the work-output performed is known with accuracy and more reliable information 
is learned about cardiovascular function and gas exchange. On the other hand, the 
differences in constitution compared with normal subjects are probably weakened 
(Wasserman and Whipp 1975). Lafortuna e coll (2010) found that in obese ado-
lescents cycling imposes a metabolic involvement at the level of the single active 
muscle greater than walking. In fact, walking is more convenient permitting to 
attain the same energy expenditure at lower heart rate with lower blood lactic acid 
concentrations and greater fat oxidation.

AT may be considered an effective gauge of physical fitness in health as well 
as in cardiorespiratory diseases (Matsumura et al. 1983). In obesity, it decreases in 
a linear correlation with increasing BMI and/or percent of ideal weight, while in 
normals it increases with increasing BMI and/or percent of ideal weight (Salvadori 
et al. 1991) (Fig. 8.1). More recently, Lakoski (2011) referred that BMI is strongly 
related to cardiorespiratory fitness so that the highest fitness is obtained in lowest 
BMI.

The term “mechanical efficiency” defines the energy used to perform a given 
amount of work and during steady-state exercise it may be conceptually compared 
with the “muscular contraction efficiency” which is based on thermodynamic 
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considerations (Whipp and Wasserman 1969). Obese subjects use a greater 
amount of O2 (VO2) to accomplish the same external work-rate of normals. 
During a progressive physical exercise, the increase of VO2 is the same in obese 
as well as in normal subjects; this indicates that the gross mechanical efficiency 
(watts/VO2) is less in obesity, while the net mechanical efficiency (watts/VO2-VO2 
free wheeling) is virtually identical between obese and lean subjects (Salvadori  
et al. 1992) (Fig. 8.2).

Heart Rate (HR) is higher in obese subjects at rest and up to AT, and signifi-
cantly lower at maximal peak exercise when compared to controls. In normal 
subjects there are close relationships between VO2 and HR and their quotient 
is the “O2 pulse”. It is the volume of O2 extracted by the peripheral tissues, or 
the volume of O2 added to the pulmonary blood per heart beat, and is equal to 
the product of stroke volume and arterial-mixed venous O2 difference. During a 

Fig. 8.1   Linear regression 
lines between anaerobic 
threshold (AT) and body 
mass index (BMI) in obese 
and normal subjects. By 
permission of Respiration 
(58; 311–315, 1991)
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progressive exercise testing O2 pulse increases in view of an enhanced O2 extrac-
tion from the peripheral tissues and on an increase in stroke volume (Wasserman 
and Whipp 1975).

Obese subjects have a higher O2 pulse (Fig.  8.3) during exercise which indi-
cates a larger O2 extraction at peripheral tissues per heart beat. Generally, any 
increase of oxygen uptake per heart beat is observed in athletes, and it may be 
a beneficial change when some clinical pathologies (like chronotropic incompe-
tence) are excluded, or during β-blockade (Zipes 1992). Therefore, at first it may 
appear hard to couple higher O2 pulse and reduced work capacity. Here we can 
stress the importance of body size differences between obesity and normality. In 
fact, when O2 pulse is normalized per Kg body weight, or Kg fat-free mass, in 
obesity it is lower than in controls. Then, it becomes similar to that of patients 
with heart disease, where the increase in HR is relatively steep for the increase of 
VO2 because of a low stroke volume, and that of patients with chronic obstruc-
tive lung disease, where the pulmonary vascular disorder limits the rate of venous 
return to the left side of the heart, and consequently the left ventricular output 
(Wasserman and Whipp 1975). The behavior of O2 pulse per Kg weight or Kg fat-
free mass enhances the role of an increased body mass in causing a reduced AT 
(and reduced maximal sustainable work capacity), and therefore a reduced work 
capacity (Salvadori et al. 1999a, b).

8.3 � O2 Consumption and Ventilation During  
Exercise in Obesity

In obese subjects ventilation is apparently not a limiting factor to physical perfor-
mance. Its increase during progressive exercise testing up to maximal sustainable 
work capacity is less than that in normal subjects, especially when considering 
ventilation in relation to Fat-Free Mass (FFM) (Fig.  8.4). Nevertheless, per-
cutaneous oxygen saturation is constantly within normal ranges during the test 
up to exhaustion, probably due to an optimization of ventilation/perfusion ratio 
(Salvadori et al. 2008).Ventilation of obese subjects seems appropriate to remove 
the increased amount of CO2 produced at every power output, as indicated by 
end-tidal pressure of CO2 (PETCO2), being quite similar to controls; on the other 
hand, the higher VO2 of the obese subjects seems to be attained even though an 
increased peripheral tissues extraction, as indicated by a tendency for lower end-
tidal pressure of O2 (PETO2). These data agree with the established strong cor-
relation between VCO2 and VE during exercise (Hardarson et al. 1998), but at 
every power output VE is lower than that required to fulfill their increased need 
for O2.

A voluntary hyperpnea test in an open circuit while breathing CO2 enriched 
air, reproducing ventilations at determined work outputs and maintaining PETCO2 
constant, demonstrates slight increases of VO2 in young obese subjects compared 
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to controls. This may indicate that only a small proportion of the increase of VO2 
in obese subjects can be attributed to the increased O2 cost of breathing during a 
cycle-ergometer test (Salvadori et al. 1992).

Fig. 8.3   Mean O2 pulse and ratio between O2 pulse and kilogram body weight during an incre-
mental exercise testing for obese subjects compared with normal subjects; * p < 0.05, ** p <0.01,  
*** p < 0.001 at a two-tailed ANOVA with Dunnet’s method. By permission of Respiration (66; 
25–33, 1999)
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8.4 � O2 Consumption and Cardiac Activity During  
Exercise in Obesity

As before referred, obesity is considered as a type of volume-overload state with 
left ventricular hypertrophy (Lauer et al. 1991). The abnormalities of left diastolic 
filling cannot be attributed to abnormal systolic function or other conditions known 
to impair diastolic filling and may antedate a contractile impairment, representing a 
sub-clinical form of cardiomyopathy in the obese subjects (Zarich et al. 1991).

In general, during exercise the increased transport and peripheral unloading 
of oxygen is assured by an increase of cardiac output (Q) together with a greater 
tissue extraction. The determinants of Q for a given submaximal VO2 level are 
subject to large individual fluctuations, whereas the Q/VO2 relationship appears 
to be the same for all individuals in most experimental conditions (Cerretelli and 
Di Prampero 1987). As shown in Fig. 8.5, in normal subjects an increase in oxy-
gen consumption occurs together with an increase in arterial–venous difference. 
The same regression in obesity displays a significant lower slope. By the rela-
tion between Q and VO2 we may argue that during a physical effort obese sub-
jects have a reduced Q for the same VO2 when compared to normal subjects, and 

Fig. 8.4   Ventilation (VE) (a) 
and VE/Fat-Free Mass (FFM) 
(b) during an incremental 
exercise testing in obese and 
normal subjects; * p < 0.05, 
** p < 0.01 at ANOVA 
with Dunnet’s method. By 
permission of Respiration 
(75; 26–33, 2008)



CORRECTED P
ROOF

1498  Respiratory Rehabilitation, Work Capacity, and Sleep-Related Disorders

they must rely on a greater arterial–venous difference (Salvadori et al. 1991a, b). 
In normal subjects an increase in oxygen consumption occurs with an increase in 
cardiac index (CI) which expresses the ratio Q/body surface. This index may mini-
mize the difference in body sizes between obesity and normality, hence allowing a 
more correct comparison. Similar to the relation Q/VO2, this regression in obesity 
displays a significant lower slope. In agreement with this sentence, the different 
slopes in the linear correlations of CI versus VO2 would suggest a reduced cardiac 
performance while proceeding with heavier workloads in obesity (Fig. 8.6).

Fig. 8.5   Cardiac output (Q) 
versus oxygen consumption 
(VO2) in normal and obese 
subjects with increasing 
workload. Iso—workload, 
and iso-arterial–venous 
oxygen difference lines are 
shown. By permission of 
Journal of Clinical and Basic 
Cardiology (2; 229–236, 
1999)

Fig. 8.6   Cardiac index (CI) 
versus oxygen consumption 
(VO2) in normal and obese 
subjects with increasing 
workload. By permission 
of Respiration (66; 25–33, 
1999)
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An unfavorable situation of muscle perfusion in obese subject can be appre-
ciated by partitioning cardiac output into the Fat-Free Mass (FFM). Although it 
is true that during exercise there is an increase in blood flow to exercising mus-
cles, this should occur to a lesser extent in obese subjects compared to controls 
(Salvadori et al. 1999a, b). All these considerations, together with those about O2 
pulse, may substantiate the lower AT of obesity and, therefore, the lower work 
capacity in obesity.

An indirect measure of myocardial oxygen consumption is given by the heart 
rate systolic blood pressure product (HRP) (Braunwald et al. 1976). This index 
expresses a less favorable situation in obese subjects; in fact for any workload 
HRP is higher in obese compared to lean subjects. HRP to total VO2 ratio, which 
may express a relationship between myocardial and total body oxygen consump-
tion, is smaller in the obese group, especially at the beginning of exercise going 
from rest to free pedaling that may mean a period of particular myocardial stress 
(Salvadori et al. 1999a, b).

8.5 � Factors that Control Ventilation and Heart  
Rate During Exercise

There is a concept called “integrative biology” which states that modifications in 
peripheral organs may influence the regulation of cardiovascular and respiratory 
variables (Mitchell and Victor 1996; Hamilton and Booth 2000).

Quadriceps muscular biopsies of obese subjects are characterized by two major 
figures that are hypertrophy of the fibers and intracellular amounts of neutral 
lipids (Salvadori et al. 2004). Potassium has been observed to increase during a 
progressive effort concomitantly and in a harmonious manner with ventilation and 
heart rate in obese as well as in normal subjects, but significantly less in obesity 
(Salvadori et al. 2003, 2008). It is considered one of the major drives in the regula-
tion of both during an effort and its increase is the product of the balance between 
a release from the contracting muscles and the re-uptake by muscular and kidney 
β-receptor stimulation. Hypertrophy of the muscular fibers has been associated to 
an increased density of the Na+–K+ pump sites (Knochel et al. 1985). This den-
sity may be in line with the concomitant reduced increase in plasma potassium, 
ventilation, and heart rate noted in obesity when compared with controls.

Intracellular amounts of neutral lipids are related to a metabolic condition of 
insulin resistance (Perseghin et al. 1999) and are accompanied by a reduced 
increase in lactic acid during a progressive effort in obesity compared to controls. 
The lower production in lactate anions, probably linked to insulin resistance, with 
the resultant lower decline in arterial pH during strenuous exercise is associated 
with a less ventilatory drive in VE above the lactate threshold.

In conclusion, the lower answers to the heavier work outputs of HR and VE 
may be linked to structural modifications of heart and chest, together with the 
behaviors of some of the most accepted driving factors that appear modified in 
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agreement with structural modifications of peripheral muscles (hypertrophy of fib-
ers) and metabolism (insulin resistance).

8.6 � Prescription of Physical Activity in Obesity

Physical activity is difficult to assess in free-living populations and a gold standard 
measurement does not exist.

However, for a weight loss intervention to be successful a negative energy bal-
ance must be attained. In this view, energy expenditure in the form of physical 
activity is an important part in the management of obesity for losing weight and 
reducing associated risk factors for chronic disease. Increased physical activity has 
only small effects on weight loss in the short term.

Many formulas are recommended, principally in the form of “moderate inten-
sity exercise” typically defined as 55–70 % of maximum heart rate 30–60 min a 
day, 5–7 days a week (Matus and Klaege 2007). It is equivalent, for example, to 
brisk walking at a pace of 3.5 miles per hour and is associated with an energy 
expenditure of 3 kcal/kg/h. Ratings of perceived exertion scores like Borg 15 cat-
egory scale may be used in absence of access to heart rate monitoring systems. 
This degree of work is considered sufficient to achieve moderate levels of cardi-
orespiratory fitness which improve health and function, whether or not resulting 
in weight loss (LaMonte and Blair 2006). Less is known about advisable heav-
ier intensities of exercise. With regard to this last topic, it has been observed that 
bouts of exercise beyond AT added to a program of aerobic activity significantly 
increase the release of GH to  a greater extent than aerobic activity alone during 
physical activity (Salvadori et al. 2010). This may be of some interest consider-
ing that GH is known as one of the most active substances able to ameliorate the 
ratio Fat Mass/Fat-Free Mass. On the other hand, added bouts at heavy intensities 
promote a greater decrease in Fat Mass but do not seem to guarantee those meta-
bolic improvements (like the reduction in insulin resistance) noted after a period 
of training at lower, continuous work outputs. Lately, the modality “repeated brief 
heavy efforts interrupted by brief recoveries”  is growing in interest. In fact, recent 
observations about risk factors in people with metabolic syndrome have shown 
significant improvements after prolonged as well as after short periods of training 
in accordance with this model (Gibala et al. 2012).

8.7 � Physiological Changes During Sleep and Sleep 
Disability in Obesity

Sleep requires a lower energy expenditure compared to wakefulness, therefore a 
reset of ventilatory regulation and respiratory muscle function occurs, so that min-
ute ventilation decreases of about 1 l per minute, PaCO2 can increase 2–6 mm Hg 
and thoracic volume can decrease accordingly (Phillipson 1978).
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In normal subjects there is no relevant consequence, but in many obese patients 
the break point can be overcome. Nevertheless, two subjects with an apparently 
similar phenotype (same sex, age, BMI, fat distribution, hip/waist ratio) can be 
totally different during sleep, one with deep desaturations and sleep fragmentation, 
the other with almost no changes compared to wakefulness. The reason lies in the 
concept of “adequate compensation” (Younes 2003), which requires that an indi-
vidual achieve a sustainable level of ventilation during sleep that is sufficient to 
prevent arousal (ventilation need not return to the eupneic level).

Arousal is the “emergency exit” of the respiratory drive when the PaCO2 is 
higher than scheduled and the compensatory output to the pharyngeal and respira-
tory muscles does not achieve the desired level of ventilation (Berry and Gleeson 
1997; Wellman et al. 2011), so that the resumption of muscular tone of wake-
fulness becomes mandatory. It will occur at a definite level identified as arousal 
threshold, which is individual specific and state specific.

Sleep is not a stable condition: light sleep, deep sleep, and REM sleep alternate 
overnight in cycles of about 90 min, each showing a specific regulation of respira-
tory drive, airway resistances, and muscular function. During REM sleep, particu-
larly during eye movements (or phasic REM sleep), the muscular tone is almost 
abolished and the only muscles still active are those controlling oculomotion, some 
muscles of internal ear, and the diaphragm, which carries all the burden of ventila-
tion (Tabachnik et al. 1981). Adequate compensation is therefore a dynamic concept, 
changing overnight, which can be maintained or overwhelmed in obese patients. The 
main reasons for  inadequate compensation can be summarized as follows:

•	 Increased work of breathing. Morbid obesity, particularly central obesity, adds a 
load on the respiratory system proportional to the fat accumulation in the abdo-
men and around the thorax. FRC is reduced, mainly in supine position because 
of the rostral positioning of the diaphragm (Yap et al. 1995), with reduced lung 
compliance (Behazin et al. 2010).

•	 Increased pharyngeal load. The fat pads around the pharynx put an additional 
load on the pharyngeal dilator muscles, so that the upper airway in obese 
patients collapses at a more positive pharyngeal lumen pressure (Schwab et al. 
2003, Wellman et al. 2011).

•	 Ventilatory drive. Usually obese patients have an increased ventilatory drive 
during wakefulness (Steier et al. 2009), but those who are prone to hypoventila-
tion during sleep show an attenuated ventilatory response both to hypoxia and 
to hypercapnia (Piper 2010).

8.8 � Obstructive Sleep Apnea and Obesity Hypoventilation 
Syndrome 

Obstructive sleep apnea is a common disorder caused by a repetitive collapse of 
the pharynx during sleep, obesity and male sex being the most predictive fac-
tors (Young et al. 1993). Obesity leads to anatomically smaller airway (Isono  
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et al. 1997), lower upper airways dilator muscle activity at sleep onset (Fogel et al. 
2005), reduced end-expiratory lung volume with decrement of respiratory muscle 
activity both during inspiration and expiration, which potentially contribute to the 
increased propensity for UA collapse in OSA patients at sleep onset (Stadler et al. 
2010).

In the literature it is not easy to discriminate OSA with hypercapnia and OHS, 
the latter being a condition of chronic hypercapnia (daytime PaCO2 > 45 mm Hg) 
in an obese patient without a lung, cardiac, or chest disorder (i.e., normal respira-
tory function test or a mild restrictive pattern proportional to the degree of obesity) 
(Piper 2010).

The link between OSA and OHS is close, since about 90  % of patients with 
OHS have OSA (Mutlu and Rubinstein 2005), the other 10  % showing a pure 
hypoventilation. OSA in these patients causes a CO2 loading at each respira-
tory event which is not removed completely in the inter-event ventilatory phase 
(Berger et al. 2002), leading to bicarbonate retention which further blunts the 
chemo responsiveness of the subject. Daytime hypercapnia and bicarbonate lev-
els  >27  mEq/L should be considered as the best homeostatic set-point possible, 
which anyway carries the burden of a higher risk of acute-on-chronic respiratory 
insufficiency in case of an acute exacerbation. In about 10  % of OHS patients 
there is no upper airway obstruction, but a constant hypoventilation with hypox-
emia and hypercapnia which has been labeled as sleep hypoventilation (Mutlu and 
Rubinstein 2005). It is defined as an increase in PaCO2 during sleep by 10 mm 
Hg above wakefulness or significant oxygen desaturation that is not explained by 
obstructive apneas or hypopneas.

8.9 � Patients Assessment

It is important to recognize early the occurrence of a sleep respiratory disor-
der in these patients. OHS leads to higher mortality and morbidity (Budweiser 
et al. 2007; Priou et al. 2010), adding to the well-known cardiovascular mor-
bidity and mortality of OSA (Marin et al. 2005). Sleep history usually unveils 
unrefreshing sleep, excessive daytime somnolence, witnessed apneas, snoring, 
repetitive awakenings to avoid, and sometimes choking episodes. This is not 
different from what a common OSA patient refers, but it is important to distin-
guish simple OSA and OHS since the diagnostic and treatment protocols can 
be different. Ambulatory cardiorespiratory monitoring and auto CPAP train-
ing is becoming a standard option in many countries for the management of 
OSA (Masa et al. 2011; Kuna et al. 2011; Braghiroli et al. 2001), but in patients 
with OHS this protocol has not been validated. OHS should be suspected when 
serum bicarbonate is increased (Mokhlesi et al. 2007), PaO2 is <70 mm Hg (or 
SaO2 <93 %) in the absence of concomitant diseases. Formal polysomnography 
including transcutaneous PCO2 monitoring is the gold standard for the diag-
nosis, but a cardiorespiratory monitoring can offer an adequate alternative in 
expert hands.
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8.10 � Treatment with Positive Pressure in the Airways

An acute episode of respiratory insufficiency is often the first access of an OHS 
patient to the hospital and requires the immediate institution of a ventilatory support. 
Usually it is caused by the worsening of another comorbidity (i.e., decompensation 
of a chronic heart failure, acute respiratory infection) and can require an ICU setting 
even for noninvasive ventilation (NIV), because of the risk of failure of noninvasive 
technique and possible intubation if pH remains too low and for the high perfor-
mance requested to the ventilator by a patient with high respiratory resistances and 
high respiratory rate (Powers 2008). However in the rehabilitation setting most of the 
patients are in stable conditions, with compensated respiratory acidosis. Therefore 
the treatment of sleep-related respiratory disorder can be instituted, together with a 
weight loss program and exercise training, in the ward or even at home. In Fig. 8.7 a 
flowchart of the possible progression of this approach is proposed based on the use 
of more complex and expensive devices when the simpler failed.

8.10.1 � Continuous Positive Airway Pressure

CPAP is the gold standard for the treatment of obstructive sleep apnea and consists 
of a positive pressure applied to the upper airways through a nasal or oro-nasal 
mask, acting as a pneumatic splint which prevents the pharyngeal collapse dur-
ing sleep (Montserrat et al. 2010). This is important in OHS patients because the 

Fig. 8.7   Flowchart of ventilator approach to a patient with obesity hypoventilation syndrome
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correction of obstructive respiratory events reduces the CO2 load. When the pres-
sure applied prevents small airway closure and increases FRC the benefits on gas 
exchange and the unloading of respiratory muscles further improve oxygenation 
and decrease the work of breathing.

In OHS patients the titration of CPAP should therefore not be performed with an 
auto CPAP in a home setting but in a sleep lab trying to obtain at least 90 % SaO2. 
CPAP is very effective in improving symptoms, particularly hypersomnolence, awake 
blood gases, quality of life, and responsiveness to hypoxia and hypercapnia (Piper 
2010). Nevertheless, it is not a ventilatory treatment and it requires weeks before the 
kidneys eliminate the excess of bicarbonate: a follow-up period of 1–3  months is 
advised before considering the treatment ineffective (Pérez de Llano et al. 2005).

8.10.2 � Bilevel PAP

Again the literature is confusing on the application of bilevel PAP in OHS. The 
device delivers a pressure in inspiration (IPAP) and expiration (EPAP) which can 
be set independently, according to at least three different criteria.

•	 CPAP required is higher than maximum patient’s tolerance: since the collapsing 
forces in inspiration are higher than in expiration, IPAP is set to prevent inspira-
tory events (hypopnea and inspiratory flow limitation), EPAP to prevent expira-
tory events (apnea and snoring). The difference between IPAP and EPAP can be 
even small and patient’s comfort is the main target;

•	 Treatment of OSA and hypoventilation: EPAP is set to the pressure which elim-
inates all upper airway events (apneas, hypopneas, intermittent flow limitation, 
snoring, respiratory effort-related arousals), IPAP is increased up to the resolu-
tion of desaturations or up to the maximum patient’s tolerance;

•	 Pressure support ventilation: EPAP is set to balance intrinsic PEEP, IPAP is 
the maximum pressure in the airways, the pressure support is the difference 
between the two.

Considering that OHS is a disease with hypoventilation, bilevel PAP could the-
oretically be considered the elective treatment of this disorder, but the reality does 
not fully support this view. Randomized controlled studies failed to demonstrate a 
superiority compared to CPAP both in patients with mean BMI 41 kg/m2 (Storre  
et al. 2006) and in even more obese patients (BMI 52–54  kg/m2)(Piper et al. 
2008), but follow-up was limited to 3 months.

Another problem occurring with bilevel PAP is the possibility of ineffective 
efforts which can affect sleep architecture and ventilator efficiency; two studies 
addressed this issue showing that patient-ventilator asynchronies can occur often 
in OHS patients (Fanfulla et al. 2007; Guo et al. 2007). Positive pressure venti-
lation improves survival which is lower when supplementary oxygen is needed 
(Priou et al. 2010). Females are probably less adherent to a regular use of ventila-
tor and should be periodically reinforced (Priou et al. 2010).
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8.10.3 � Intermittent Positive Pressure or Volume Cycled 
Ventilators

Volume cycled ventilators deliver a preset volume at pressures dependent on air-
way resistance; pressure cycled ventilators have a preset pressure support, the 
volume delivered being dependent on airway resistance. Both ventilators rely on 
an expiratory valve which opens at the beginning of expiration and allows a more 
reliable inspiratory time, since the patient cannot exhale until the valve opens. 
The blower is often more powerful and can deliver higher inspiratory pressures 
compared to bilevel devices, if necessary. They cannot offer a leak compensation, 
cause more gastrointestinal inflation, and are more expensive than bilevel devices; 
in common practice their use is nowadays more and more limited.

8.10.4 � Supplemental Oxygen

Oxygen therapy alone is not recommended in OHS since it worsens hypoventila-
tion, causing more respiratory events and worse sleep quality (Masa et al. 2001) and 
its usage at the beginning of CPAP/NIV treatment has to be considered with caution.
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9.1 � Psychological Aspects in Obesity

9.1.1 � Psychological Aspects in Obesity: An Introduction

Obesity is traditionally defined as a body mass index (BMI) of >30 kg/m2 and is 
today considered a public health problem and epidemia (globesity) (Gutierrez-
Fisac et al. 2006). According to World Health Organization (WHO), it is estimated 
globally that more than 700 million adults will develop a condition of obesity by 
2015 (Davin and Taylor 2009; WHO 2006).

Consequently, it can be considered one of the most important current health 
problems affecting millions of people around the world (Ayensa and Calderon 
2011). Obesity is associated with early death (Flegal et al. 2005; Whitlock et al. 
2009) and is universally recognized as a risk factor for many health complications 
such as cardiovascular diseases, some types of cancer, osteoarthritis, hyperten-
sion, dyslipidemia, hypercholesterolemia, and diabetes (Castelnuovo et al. 2010). 
Moreover, obesity is a strong risk factor for the development of type 2 diabetes 
(Klein et al. 2004a, b).

Regarding the etiology of obesity, investigations have shown that inheritance 
(Price 2002) and environment (Horgen and Brownell 2002) are the main causes of 
the obesity epidemic (Swencionis and Rendell).

Nevertheless, there is strong consensus in the scientific community that the eti-
ology of obesity is multifactorial: a genetic base interacts in an intricate modality 
with individual and environmental factors that lead to the expression of heteroge-
neous conditions and results (Marcus and Wildes 2009).

Moreover, according to Dombrowski et al. (2012), “Behavioral factors, i.e., 
poor diet and physical inactivity are among the main proximal causes linked to 
obesity (Haslam and James 2005), obesity-related morbidity (Alley and Chang 
2007) and mortality (Flegal et al. 2005)” (Dombrowski et al. 2012, p. 7). As 
noted by (Davin and Taylor 2009), “When looking across the obesity literature, 
the impact of psychological variables in the development and treatment of obesity 
is certainly acknowledged but overshadowed by the physical and medical compo-
nents of obesity which dominates the literature. Given the failures of weight loss 
methods, even surgical methods, an understanding of the psychological variables 
that impact success of surgical and nonsurgical weight loss is imperative, as the 
field continues to strive to reduce the public health impact of obesity” (Davin and 
Taylor 2009, p. 717).

The literature on the psychosocial aspects of obesity has a long history: for 
example Stanley Hall, the first person to earn a Ph.D. in Psychology in the United 
States, started research on eating behaviors and obesity in the nineteenth century 
(Lepore 2011; Swencionis and Rendell 2012).

Then research on psychological aspects of obesity improved in the 1950s and 
evolved considerably in recent years. As noted by Fabricatore and Wadden (2004), 
the earliest literature was more theoretical and focusing on the manifestation of 
underlying psychopathology and suboptimal development. “The first empirical 
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studies of the matter attempted to find commonalities in the psychological pro-
files of obese persons. No “obese personality” was ever identified, however. 
Comparisons of overweight and average weight individuals yielded inconsistent 
results that depended on the characteristics of the samples. Some studies showed 
that obese persons suffered greater levels of psychopathology, whereas others 
demonstrated an apparent protective effect of excess body weight on psychologi-
cal distress. These studies, collectively, have been criticized for methodological 
shortcomings (Friedman and Brownell 1995). The best evidence (from nation-
ally representative samples of the U.S. population) suggests that obese women 
but not obese men have a slightly higher rate of depression and suicidal ideation 
than their normal-weight counterparts” (Carpenter et al. 2000; Istvan et al. 1992) 
(Fabricatore and Wadden 2004, p. 332).

The research on  psychosocial correlates of obesity has evolved into a second 
phase in which scientists aimed at identifying risk factors for psychopathology 
for obese population (for example, a relevant result was that female gender is one 
important risk factor) (Fabricatore and Wadden 2004).

The last decade has been the beginning of the third step of research into the 
association between obesity and psychosocial features.

The focus is now more on depression (versus other psychopathological condi-
tions) and on discovering the temporal and causal relationship between psycho-
logical distress and obesity.

9.1.2 � Discrimination and Stigma

The role of genetic contributions toward the condition of obesity has been largely 
acknowledged, unfortunately, social prejudice and discrimination still persist 
toward afflicted individuals and obesity in general. In western cultures, the pro-
motion of being thin, is not only dysfunctional and dangerous but intensifies and 
polarize the issue of weight, leading to further ignorance.

Subjects with a condition of obesity are strongly stigmatized and they have to 
daily cope with growing modalities of discrimination and prejudice about the over-
weight. This topic has been largely studied and underlined by Puhl and Brownell 
(2001, 2003a, b, 2006; Puhl and Heuer 2009; Puhl and Latner 2007; Puhl et al. 
2005, 2007, 2008). According to a recent Puhl’s review, “These stereotypes are 
prevalent and are rarely challenged in Western society, leaving overweight and 
obese persons vulnerable to social injustice, unfair treatment, and impaired qual-
ity of life as a result of substantial disadvantages and stigma… In recent years, 
attention to weight bias has increased, with a growing recognition of the pervasive-
ness of weight bias and stigma, and its potential harmful consequences for obese 
persons.” (Puhl and Heuer 2009, p. 941). The stigma is also present in extremely 
obese individuals who presented for bariatric surgery (Sarwer et al. 2008).

Discrimination may also affect employment settings. Roehling et al. (2008) 
demonstrated that obese employees and applicants were considered with a more 



CORRECTED P
ROOF

164 G. Castelnuovo et al.

negative evaluation and obtained more negative outcomes with regard to employ-
ment in comparison with non-overweight persons in the same working conditions 
and places. This unpleasant stigma is widespread also in the health care settings: 
physicians, psychologists, dietitians, nurses, and other health care profession-
als keep negative attitudes, beliefs, and biases toward obese patients (Capodaglio  
et al. 2010; Puhl and Brownell 2001) and dedicate them inadequate time even if 
the scientific community recognizes the importance of providing them with infor-
mation and other tools to improve healthy lifestyles (Capodaglio et al. 2010; 
Foster et al. 2003; Puhl and Heuer 2009).

An exhaustive summary of the key findings about the relationship between 
stigma and obesity is reported by (Puhl and Heuer 2009). The significative psy-
chological consequences of the weight biases are well reported: “Weight bias 
increases vulnerability to depression, low self-esteem, and poor body image (mod-
erate evidence), Weight bias contributes to maladaptive eating behaviors among 
obese individuals (strong evidence), Weight bias contributes to less participation/
avoidance of physical activity (limited evidence)” (Puhl and Heuer 2009, p. 948).

The future scenario does not appear so promising: “Unfortunately, it does not 
appear that the increasing prevalence of obesity has attenuated negative societal 
attitudes toward obese people… Without sufficient attention to this issue in the 
obesity field and in larger society, it is likely that weight bias will remain both a 
social injustice and a public health issue, impairing the quality of life for both pre-
sent and future generations of obese individuals” (Puhl and Heuer 2009, p. 960).

9.1.3 � Psychopathology

Current knowledge gives no clear link between psychopathology and obesity and 
whether the different psychological disorders are a cause or a consequence of obe-
sity has not yet been explained either.

In fact, the first studies about the psychosocial status of obese individuals in the 
general population provided not clear results (Fagiolini et al. 2005, 2008). In some 
cases researchers found that obesity was connected with a greater emotional dis-
tress, whereas other studies noted that obese people had a less psychological level 
of disorder (Marcus and Wildes 2009). No clinically significant results were found 
in order to create different psychological profiles between obese and non-obese 
individuals.

Even if recent studies failed to find consistent results, epidemiologic investi-
gations have reported positive correlations between obesity and personality disor-
ders, eating disorders, mood disorders, and anxiety disorders (Hudson et al. 2007; 
Petry et al. 2008; Pickering et al. 2007; Scott et al. 2008). These findings are par-
ticularly significant in women (Barry et al. 2008; McIntyre et al. 2006) and sub-
jects affected by severe obesity (such as BMI > 35) (Hudson et al. 2007; Marcus 
and Wildes 2009; Scott et al. 2008).
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According to Ayensa it is possible to conclude that “certain psychological dis-
orders seem to be more common in obese people, such as depression, anxiety, sub-
stance abuse, etc., although the direction of the explanatory relation is not clear; 
moreover, the opposite result has also been found. The evidence of likely comor-
bid psychopathology means that the practitioner must consider its assessment in 
obesity cases, and include a plan for a psychiatric and/or psychological therapeutic 
intervention” (p. 253, Ayensa and Calderon).

9.1.3.1 � Stress and Anxiety

There is important evidence that the effects of chronic stress on central functioning 
may lead to a condition of obesity in the useless eater. The combination of ongo-
ing stress and the wide availability of poor quality foods promote the develop-
ment of overeating and obesity. In particular some people may enhance overeating 
behaviors in order to modulate activity of the chronic stress network and reduce 
negative affects (Marcus and Wildes 2009).

While links between obesity and physical activity are well known, the currently 
available research literature gives not yet significant evidence for the relation-
ship between obesity and psychological distress. According to Hill (2005) “Some 
obese (and lean) people have serious psychological problems; others have mild 
problems, and some very few at all. The challenge is to determine which people 
suffer psychologically from their obesity, and how they display their distress” 
(Hill 2005, p. 27).

Greeno and Wing reviewed many studies and noted significant individual dif-
ferences in stress-induced eating, concluding that restrained eating behaviors can 
predict stress-induced eating in women. Anyhow they underlined the absence of a 
direct demonstration of the link between stress and weight gain or development of 
obesity (Greeno and Wing 1994).

Van Strien et al. examined the difference between low and high emotional eat-
ers in gaining weight as a response to negative life events: only male emotional 
eaters who severally experienced negativity have shown greater increases in BMI 
over a 6-month period (Van Strien et al. 1986).

Recent articles and meta-analytic reviews confirm that psychosocial stress is 
positively linked with the development of adiposity in prospective studies (Wardle 
2007; Wardle et al. 2010; Wardle and Cooke 2005) and major life-events or peri-
ods of acute stress can play a greater part in the etiology of obesity for men than 
women (Torres and Nowson 2007). “Men consistently show stronger physiologi-
cal responses to stress than women, including greater cardiovascular and neuroen-
docrine activation (Stoney et al. 1987), and higher cortisol levels after exposure 
to acute real-life psychological stress (e.g., examinations) or controlled laboratory 
experiments (Kirschbaum et al. 1992; Stroud et al. 2002)” (Wardle et al. 2010, 
pp. 775–776). Psychosocial stress promotes weight gain, although with a modest 
effect size. In further investigations, then, psychobiological mechanisms that lead 
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stress to create “obesogenic” effects should be better investigated and understood 
(Wardle et al. 2010).

9.1.3.2 � Obesity as Addiction?

Recent researches have also revealed differences between obese and lean individ-
uals with respect to neural activation in response to tasting and consuming food 
(Del Parigi et al. 2002a, b; Gautier et al. 2000, 2001).

Some recent theories have underlined the role of the neural reward system in 
the development and maintenance of obesity. Specifically these researches have 
hypothesized that a “dysfunction of brain reward circuitry in response to food 
cues may predispose some individuals to obesity via an increased likelihood of 
overeating, particularly excessive consumption of palatable foods” (Marcus and 
Wildes 2009, p. 744). The hypothesis that some kind of obesity may be con-
sidered as a kind of food “addiction” has obtained growing success (Gearhardt 
and Corbin 2011; Gearhardt et al. 2011a, b, c, d, 2012; Wang et al. 2001, 2002, 
2004, 2009).

9.1.3.3 � Depression

Obesity is differently associated with depression: the percentage of risk for depres-
sion in women has increased by 37  %, whereas the same rate of men is cur-
rently less at risk. Similar associations were found between obesity and suicide 
attempts, where gender still represents a determinant variable (obese women have 
an increased risk whereas obese men have a decreased risk). Moreover, anxiety 
and depression have currently been detected more in obese people seeking clinical 
assistance rather than in a community sample.

Obese women, especially with a high socioeconomic background (or status), 
have more relevant risk of anxiety and depression than obese men. (Hill 2005; 
Stunkard et al. 2003). Istvan et al. studying a large sample of adults (age 25–74), 
did not find a relationship between BMI and depression among men, discovering, 
instead, women with highest BMI having more probability (38 %) to report clini-
cally significant depressive symptoms (Istvan et al. 1992).

Carpenter et al. (2000) studied more than 40,000 people and found that the 
relationship between obesity and depression was gender dependent. As noted by 
Fabricatore about this important study, “men with a BMI  >  30  kg/m2 were sig-
nificantly less likely to report a history of major depression…, suicidal ideation, or 
suicide attempts in the past year than average-weight men (BMI = 20.8–29.9 kg/
m2). In contrast, underweight men (BMI  <  20.8  kg/m2) experienced a 25  % 
increased risk for depression, 81 % increased risk for suicidal ideation, and 77 % 
increased risk for suicide attempts compared with average-weight men. A different 
pattern was seen for women. The 1-year prevalence of major depression was 37 % 
higher among obese females than in their average weight peers. Women with a 
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BMI > 30 kg/m2 also were 20 % more likely to report suicidal ideation and 23 % 
more likely to have made a suicide attempt in the past year. There was no associa-
tion with depression or suicide for underweight women.” (Fabricatore and Wadden 
2004, p. 333).

9.1.3.4 � Binge-Eating Disorder

The typical eating disorder, added to DSM-IV in the research section, connected 
with obesity is binge-eating disorder (BED) (American Psychiatric Association 
2000; Hill 2005). Although binge-eating occurs not only in overweight conditions 
but at all body weights, there has been an increase of interest in obese binge-eat-
ers. According to Hill, “it is apparent that BED is more common in the obese than 
in normal-weight individuals. In  US weight loss clinics, 20–40 % of patients are 
reported to have BED, although the use of a strict diagnostic interview reduces this 
to well below 20 %. In community samples, BED is much less common, apparent 
in 1–3 % of respondents. Overall, the prevalence of BED in any group increases 
with increasing obesity” (Hill 2005, p. 27). About the key features of BED with 
obesity, Hill noted that “comparing samples of obese people with and without 
BED shows several important differences, those with BED having:

•	 An Earlier Onset of Obesity
•	 more severe obesity
•	 greater weight fluctuations and weight distress
•	 greater likelihood of past treatment for psychological disorders
•	 more impairment in work/social functioning
•	 more psychological distress and self-esteem problems” (Hill 2005, p. 28).

9.1.3.5 � Quality of Life

Obesity is traditionally associated with perception of disability, poorer control of 
symptoms and poorer quality of life, weight-based stigmatization and significant 
psychosocial impairment (Lavoie et al. 2006). Many empirical studies have shown 
that obese people report more physical impairments and limitations in comparison 
with normal weight individuals (Doll et al. 2000; Fine et al. 1999; Ni Mhurchu et al. 
2004). Other investigations have shown that obese individuals do not simply report 
impairments in the area of physical health, but also perceive significant reductions 
of psychosocial functioning, psychological well-being, and in general, in the mental 
health field (Fontaine et al. 1996; Kolotkin et al. 2001; Kushner and Foster 2000).

After the biopsychosocial paradigm (Engel 1977) has been applied to the area 
of obesity, it is relevant to consider, measure, and monitor the “health-related qual-
ity of life” (HRQoL) for obese patients. HRQoL is a multidimensional concept that 
includes domains related to physical, mental, emotional, and social functioning 
and is referred to the subjective perception of effects of diseases (and subsequent 
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treatments) (Testa and Simonson 1996). The traditional medical model centered on 
the disease has gradually moved to a more modern patient-centered model and the 
improvement of quality of life in patients has been considered and added to the clini-
cal goals, traditionally oriented only towards bio-physiological dimensions.

Evaluation of the quality of life has become a focus of interest not only in pop-
ulation studies, but also in clinical medicine (Blissmer et al. 2006). Population 
research is based on the application of generic instruments such as SF-36, which 
evaluates both physical and mental health of the individual (Vasiljevic et al. 2008; 
Ware et al. 1993). In the field of obesity the perceived impact of overweight on 
health can be evaluated by the use of generic as well as disease-specific assess-
ment scales (Doll et al. 2000; Kolotkin and Crosby 2002). For a specific and 
detailed review of the main obesity-specific HRQoL assessment scales please see 
(Manzoni and Castelnuovo 2011).

According to Hill, “Further studies of large representative samples using estab-
lished measures of well-being (such as the SF-36 self-report questionnaire) have 
helped to separate physical functioning from psychological health, while also 
showing their interdependence. Age is an important moderator of the relationship 
between obesity and well-being. Overweight and obese young women in their late 
teens and early 20 s score significantly lower in physical functioning, vitality and 
general health, but show few differences on any of the main psychological health 
measures. The pattern for middle-aged women aged 45–49 years is different: there 
are proportionately more overweight and obese women in this age group, and 
these older obese women score significantly lower than those of average weight on 
all the physical and psychological health scales.

Most of the available evidence shows that the greatest deficits are in people 
who are severely or morbidly obese (BMI > 40). Scores on psychological health 
scales for people who are moderately obese (BMI 30–40) are similar to those of 
underweight people (BMI  <  20), whereas the scores for overweight women are 
similar to those of normal-weight individuals” (Hill 2005, p. 30).

9.1.3.6 � Self-Esteem

Obesity and self-esteem are related in a way that changes according to the period 
of life considered. For example, adults with obesity have a modest reduction in 
self-esteem, sometimes limited only to those with morbid pathology. In pre-ado-
lescents, self-esteem is affected by obesity only with limited impact, while ado-
lescents’ self-perceived overweight is more strongly associated with reduced 
self-esteem, and this correlation is more significant for females than for males.

As noted by Hill, body esteem is the domain of self-worth that can be most 
affected by obesity, especially for obese adolescent and young women, produc-
ing very high levels of body dissatisfaction. Fortunately, psychotherapy focused 
on improving body image in obese women has shown discrete success in reducing 
psychopathological symptoms, but  has very low impact on body weight reduction 
(Hill 2005).
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9.2 � Psychological Rehabilitation Protocols for Obesity

9.2.1 � Psychological Rehabilitation Protocols for Obesity:  
An Overview

According to the Cochrane guidelines (Shaw et al. 2005), when a psychologi-
cal therapy, and particularly cognitive-behavior therapy (CBT), is combined with 
a diet/exercise plan, the resulting treatment will increase weight loss, if com-
pared with the only diet/exercise intervention. In fact, psychological treatments 
commonly used for clinical trials, as well as in clinics and psycho-educational 
approaches, are widespread and usually composed of imparting diet, exercise, 
behavioral information, and different forms of follow-up sessions (Swencionis 
and Rendell 2012; Wing 2002). Behavior therapy is another spread approach in 
obesity treatment: it is characterized by self-monitoring (for example, using dia-
ries), stimulus control (for example, restricting quantities of food), and behavioral 
modification (for example, chewing slowly, taking time to really taste and enjoy 
the food, maximizing the pleasure from it) (Foster et al. 2005; Swencionis and 
Rendell 2012; Wing 2002).

Cognitive-behavioral approach represents the gold standard for the treatment 
of obesity. It is focused on dysfunctional behaviors and cognitive processes, such 
as unrealistic weight goals and body image perceptions (Cooper et al. 2004). In 
addition, hypnosis could supplementarily be applied, toward particular subjects, 
enhancing patients to correct dysfunctional thoughts, attitudes, and beliefs using 
repeated self-statements (Wylie-Rosett et al. 2007; Xu and Cardena 2008).

Other important psychotherapies used for the treatment of obesity are the 
interpersonal approach (Brambilla et al. 2009; Fabricatore and Wadden 2004; 
Tanofsky-Kraff et al. 2007), the systemic and strategic treatments (Castelnuovo  
et al. (2011a, b); Nowicka and Flodmark 2010; Peterson 2005), the psycho-
dynamic approach (Becker 1960; Beutel et al. 2006; Fernandez-Paredes and 
Sumano-Avendano 1986; Ingram 1976; Rand and Stunkard 1977, 1978, 1983) and 
the feminist-theories-based treatment (Allan 1994; Orbach 2006; Rgon 1995).

Another interesting treatment used in psychological rehabilitation of obesity is 
the mindfulness approach as described by Kabat-Zinn (1994; Ludwig and Kabat-
Zinn 2008). Different researches have reported that mindfulness training could 
be effective in reducing episodes of binge and other dysfunctional eatings using 
meditation to control food cravings (Alberts et al. 2010; Dalen et al. 2010; Kabat-
Zinn 1994; Lillis et al. 2009; Ludwig and Kabat-Zinn 2008; Singh et al. 2008; 
Swencionis and Rendell 2012).

A promising treatment could also be the EMDR approach (Bloomgarden and 
Calogero 2008; Hudson et al. 1998), but  needs to be more investigated.

Even if clinicians can use different psychological approaches in treating obe-
sity (such as behavioral, cognitive-behavioral, interpersonal, systemic-strategic, 
psychodynamic, etc.), interventions that aim at changing dysfunctional behaviors 
might be carried out in a multidisciplinary context (with a clinical team composed 
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of  psychologists, dieticians, psychiatrists, endocrinologists or nutritionists, physi-
otherapists, etc.) and might benefit from including specific instructions about 
changing diet, asking participants to self-monitor their dietary intake, and moti-
vating patients to maintain initially achieved goals, anticipating possible future 
relapses, and learning strategies to cope with difficult moments or situations 
Dombrowski et al. (2011, 2012) .

Moreover, one of the greatest challenges in the management of obese patients 
is working to work on the significant disparity between real and expected weight 
losses. For clinicians a 10 % weight loss is generally considered a good success, 
due to an important associated improvement in comorbidities, but patients typi-
cally look for a more or less 30 % reduction in body weight (Foster et al. 1997; 
Jeffery et al. 1998; O’Neil et al. 2000; Wadden et al. 2000). Specific recommenda-
tions are needed in order to help patients in accepting more modest and realistic 
weight loss outcomes as successful results (Foster et al. 2005; Nonas and Foster 
2005).

Moreover, moderate weight loss (5–10  % of initial weight) can lead to some 
positive psychological changes such as improvements in body satisfaction, self-
esteem, and mood, above all if physical activity component is included in the 
rehabilitation protocol (Hill 2005). Unfortunately, only short-term studies have 
confirmed these findings. The evidence for longer term psychological benefits and 
for the long-term effectiveness of most weight-reduction protocols is not so clear 
(Hill 2005).

For clinicians it is also relevant to evaluate the obese individual’s readiness for 
weight loss during the therapeutic process. As noted by Hill “attempts to identify 
psychological predictors of weight loss have not been very successful… the pres-
ence of depression, anxiety or binge-eating is associated with poorer weight loss, 
although findings are inconsistent. Similarly, summary measures of readiness to 
change or motivation to lose weight have generally failed to predict outcome. In 
contrast, self-efficacy (a person’s evaluation of whether he or she can perform the 
behaviors required for weight loss) is a modest but consistent predictor of success. 
In terms of setting goals, patients are often more ambitious, and therefore less 
realistic, in the amount of weight they want to lose compared with the moderate 
loss advised by informed health professionals. The psychological consequences of 
a failure to achieve goals need to be recognized. Overall, goals for effective weight 
loss and maintenance should be specific, attainable and forgiving (i.e. less than 
perfect) “ (Hill 2005, p. 29).

Methods to assess patients’ readiness to change and motivation to address 
weight management behaviors are typically related to Prochaska and 
DiClemente’s stages of change: precontemplation, contemplation, preparation, 
action, and maintenance (Bolognesi et al. 2006; Boudreaux et al. 2003). The TTM 
SOC should include dietary strategies based on Prochaska and DiClemente’s 
stages of change, enhances dietary habits (such as reduction in fatty food and 
daily calories and consumption), and physical exercise strategies with the goal to 
get a sustainable weight loss and the desired behavioral change (Prochaska and 
DiClemente 1986; Rao et al. 2011; Tuah et al. 2011).
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TTM SOC produced important effects on different outcome measures, such as 
change in physical activity, modification in dietary intake, and progression through 
the process theorized by Prochaska and DiClemente. Feedback reports, anthropo-
metric measurements, and counseling are also relevant.

Below, is reported a typical scheme of questions provided to clinicians by the 
(National Heart Lung and Blood Institute 2000) in order to check the readiness to 
lose weight in obese patients.

Questions to ask in evaluating an obese person’s readiness to lose weight

•	 Has the person sought weight loss on his/her own initiative?
•	 What events have led him/her to seek weight loss now?
•	 What are his/her typical stress levels and mood?
•	 Does he/she have an eating disorder (e.g. binge-eating disorder), in addition to 

obesity?
•	 Does the person understand the requirements of the treatment and believe that 

he/she can fulfill them?
•	 How much weight does the patient expect to lose?
•	 What other benefits does the patient anticipate?

(From National Heart Lung and Blood Institute 2000, and reported also in Hill 
2005).

9.2.2 � Promoting Collaborative Rehabilitation Protocols 
with In-Patient and Out-Patient Settings Using 
Telemonitoring for the Continuity of Care

The most successful strategy for the management and rehabilitation of obe-
sity is a collaborative approach, well-defined as a “strategy or set of strategies 
to help patients achieve and/or maintain a healthy weight that involve collabora-
tion among healthcare professionals in at least two different disciplines (e.g., 
physicians and dieticians) for the delivery of weight management interventions. 
We considered interventions that do not significantly disrupt the usual processes 
of health care in busy practices and that included at least 1 meaningful outcome 
such as change in dietary behavior or change in weight” (Rao et al. 2011, p. 1190). 
Unfortunately, only a restricted number of articles report real and practical col-
laborative approaches, whereas the scientific evidence shows that strategies based 
on central planning and training, using a “chronic care model” logic, obtain better 
results (Rao et al. 2011).

The use of Internet-based technologies can improve many steps of the col-
laborative approach, such as psychological and medical education in food man-
agement, physical activity, weight loss reduction and maintenance, functional 
continuous self-monitoring of health behaviors, individual realistic goals setting 
and motivation, cognitive and behavioral change, as well as peer social support 
(Castelnuovo et al. 2003, 2010, 2011a, b, c, d; Castelnuovo and Simpson 2011; 
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Manzoni et al. 2011; Rao et al. 2011; Riva et al. 2006). This strategy using telem-
onitoring for the continuity of care, above all in the follow-up and monitoring 
steps, is essential in reducing costs for the management of chronic pathologies 
such as obesity (Ekeland et al. 2010, 2011; Manzoni et al. 2011).

9.2.2.1 � The TECNOB Telemonitoring Approach

An operative example of collaborative approach is represented by the TECNOB 
clinical program (TEChNology for OBesity) (Castelnuovo 2008; Castelnuovo 
et al. 2003, 2010, 2011a, b). It has a total duration of 13 months and consists of 
two stepped down phases: in-patient (1  month) and out-patient (the following 
12 months). During the in-patient phase, participants undergo an intensive 4-week 
hospital-based and medically managed program for weight reduction and rehabili-
tation. All patients are placed on a hypocaloric nutritionally balanced diet tailored 
to the individual after consultation with a dietician (energy intake around 80 % of 
the basal energy expenditure estimated according to the Harris-Benedict equation 
and a macronutrient composition of about 16 % proteins, 25 % fat, and 59 % car-
bohydrates). Furthermore, they receive nutritional counseling provided by a dieti-
cian, psychological support provided by a clinical psychologist, and have physical 
activity training provided by a physiotherapist.

Nutritional rehabilitation program is aimed to improve and promote change 
in eating habits and consists of both individual (dietary assessment, evaluation of 
nutrient intake and adequacy, nutritional status, anthropometric, eating patterns, 
history of overweight, readiness to adopt change) and group sessions (45 min each 
twice a week), including: information about obesity and related health risks, set-
ting of realistic goals for weight loss, healthy eating in general, general nutrition 
and core food groups, weight management and behavioral change strategies for 
preventing relapse).

Psychological support is provided once a week both individually and in group 
settings. Individual sessions, lasting 45  min each, are mainly based on the cog-
nitive-behavioral approach described by Cooper and Fairburn (Cooper 1990) and 
emphasize the techniques of self-monitoring, goal setting, time management, 
prompting and cueing, problem solving, cognitive restructuring, stress manage-
ment, and relapse prevention. Group sessions (“closed” groups of 5/6 persons), 
lasting 1  h each, focus on issues such as motivation, assertiveness, self-esteem, 
self-efficacy, and coping.

Physical activity takes place once a day except for weekends and consists of 
group programs (20 subjects) based on postural gymnastics, aerobic activity, and 
walks in the open air (or outdoor). In particular, patients with specific orthopedic 
complications carry out individual activities planned by physiotherapists and artic-
ulated in programs of physical therapy, such as assisted passive and active mobili-
zation and isokinetic exercises (Castelnuovo et al. 2010).

The Internet-based tools show promising results in promoting weight reduc-
tion in obese patients but further researches are needed to determine its long-term 
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efficacy and effectiveness from clinical, organizational, and economic points of 
view. (Manzoni et al. 2008, 2011; Rao et al. 2011).

Even if positive feedbacks have been achieved about the usefulness of mobile 
phone devices in promoting healthy habits and weight loss behaviors, until now 
the collected data do not support the use of Internet interventions for weight main-
tenance (Rao et al. 2011). Indeed, there is a general lack of knowledge regard-
ing understanding of the real costs of telemedicine. Telemedicine seemed to be 
cost-effective, but few studies draw firm conclusions to this only with regard to 
chronic disease management. Telemonitoring could reduce travel time and hospital 
admissions. Other reviewers did not find good evidence about cost-effectiveness. 
Another review highlighted the need to consider not only costs to health services 
of interventions, but also costs to service users and their social networks (Ekeland 
et al. 2010, 2011; Khaylis et al. 2010; Rojas and Gagnon 2008).

In recent years economic analysis has risen in the field of telemonitoring. The 
majority of these studies come from the United States. Telemedicine resulted to be 
a cost-effective alternative in 91 % of the studies.

The main telemedicine benefits include:

•	 decreased hospital utilization,
•	 improved patient compliance with treatment plans,
•	 improved patient satisfaction with health services, and
•	 improved quality of life.

Telemedicine also improved cognitive status, cognitive level, and self-rated 
health status. Studies also found disadvantages related to telemedicine, such as 
technical problems and reluctance from patients, caregivers, nurses, and physicians.

9.2.2.2 � Psychological Components Crucial in Technology-Based Remote 
Weight-Loss Interventions

Five psychological components seem to be considered crucial in technology-based 
weight-loss interventions that are successful in facilitating weight loss (Khaylis et 
al. 2010).

(1)	 Self-monitoring. This refers to the process in which individuals regulate and 
keep track of their own behaviors. Technology can simplify the monitoring 
process, recording one’s progress of food intake and physical activity using 
online devices. The reason these technologies are likely to be effective is 
because portable body monitors, pedometers, and handheld PDAs are mobile 
and, therefore, can be easily used, resulting in continuous self-monitoring. 
Also, these devices are more convenient for individuals without access to a 
high-speed Internet connection.

(2)	 Counselor Feedback and Communication. Feedback from a counselor regard-
ing goals, progress, and results can encourage, motivate, and assist patients in 
successfully completing a weight-loss program. A functional approach is to 
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provide online weight-loss interventions with brief weekly or monthly coun-
selor or psychologist visits. Participants typically submit their weekly food 
and exercise journals online and receive personalized feedback, reinforce-
ment, and recommendations from a counselor over e-mail.

(3)	 Social support. A group treatment format is typically the preferred delivery of 
behavioral weight-loss interventions. Not only is this a cost-effective method 
of delivering treatment to a larger number of people, but also group treatments 
leverage social support, an important facilitator of behavior change. Group 
support can foster motivation, encouragement, and commonality. To facili-
tate communication among participants are useful electronic message boards, 
forums, ‘‘real time’’ chat rooms, or online meetings.

(4)	 Structured program. Technology-based weight-loss programs have been struc-
tured interventions that incorporated principles of behavior therapy and change. 
They consisted of structured weekly lessons on various topics, including nutri-
tion, exercise, stimulus control, self-regulation strategies, and goal-setting.

(5)	 Individually tailored program. Interventions that were individually tailored to 
participant goals had higher rates of adherence and weight loss. In one case, 
participants met with a health coach prior to receiving the intervention and 
selected four high-priority behavior change goals that were subsequently 
monitored and achieved through behavior skills training. Another study deliv-
ered automated, real-time SMS text messages that were specific for each par-
ticipant’s barrier to exercise at that moment.

9.2.3 � Future Directions for Research and Practice in Clinical 
Psychology for Obesity Rehabilitation

It is necessary to collect more scientific evidence to support collaborative 
approaches for weight management, considering Internet and mobile-based tools 
in remote settings too. The up-to-date literature of patients should be taken into 
account in order to select the best “tailored” intervention for each patient. A 
Guide to Selecting Treatment (see Fig. 9.1) has been reported by NIH Guidelines 
(NIH/NHLBI/NAASO October 2000). As indicated, behavioral and psychological 
treatments have to be included in each degree of obesity, from an overweight BMI 
condition with comorbidities, where a traditional rehabilitation protocol with psy-
chological support, diet, and physical activity is enough, to a moderate and severe 
obesity, both with and without comorbidities, where the introduction of pharmaco-
therapy and bariatric surgery has to be considered.

In each situation  psychological support is necessary to motivate patients to 
improve to a more healthy lifestyle or to accept more intrusive medical treatments 
(such as drugs and weight-loss surgery), helping them o cope with chronic condi-
tions where usually a real target is not a full and complete healing, but a functional 
management of obesity reducing complications (such as type 2 diabetes, hyperten-
sion, and cardiovascular disease) (Nguyen and Lau 2012).
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Detailed recommendations have been reported by (Rao et al. 2011) for future 
directions for psychological research and practice in obesity rehabilitation. 
Particularly, “discussions of weight should be performed in a nonjudgmental, 
respectful, and unhurried manner” (Rao et al. 2011, p. 1200). Then “readiness and 
self-efficacy to change behaviors should be assessed before weight loss strategies 
are initiated, and this information should be factored into decisions about what type 
of approach to use” (Rao et al. 2011, p. 1200). Moreover, collaborative approaches 
involving physicians, psychologists, nurses, and other clinicians have to be consid-
ered using central planning and training modalities. In the end more research has 
to be dedicated to Internet and other technologies in order to check their possible 
applications: now, insufficient evidence cannot allow clinicians to make recommen-
dations about their effective use in clinical practice (Rao et al. 2011).

Generally,  future directions in obesity and weight-reduction research have to 
consider the following priority areas:

1.	 There is a need for larger studies, both those that include technologically based 
interventions and those that do not, that enroll a diverse spectrum of overweight 
and obese patients in terms of sex, race, and socioeconomic status. Latino sub-
jects and men, in particular, are underrepresented in obesity studies to date. 
There is also a need to investigate the specific features of technologically based 
interventions (e.g., content, format, device) that make such interventions suc-
cessful in promoting weight loss.

Fig.  9.1   A guide to selecting treatment according to NIH guidelines (NIH/NHLBI/NAASO 
October 2000) (where “Yes” alone means that the treatment is indicated regardless of the pres-
ence or absence and the solid arrow indicates the point at which therapy is initiated)
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2.	 Because attrition rates from technology-based studies are very high, there is a 
need to develop effective strategies to keep patients engaged in using technol-
ogy tools for the long term.

3.	 Further evaluation of collaborative approaches (e.g., approaches involving 
centralized planning, approaches involving nurses in intervention delivery) in 
general is needed. In particular, larger studies of longer duration are needed to 
evaluate the effectiveness of the chronic care model as a framework for weight 
management interventions.

4.	 Use of electronic health records is increasing, and there is a need to explore the 
use of these valuable tools, not only for identification and assessment of obesity 
but also for the delivery of obesity interventions.” (Rao et al. 2011, p. 1200).

In conclusion, Clinical Psychology has to face the “globesity” challenge, pro-
viding more evidence-based protocols for the psychological rehabilitation in obe-
sity both in the traditional and in new remote clinical settings (Castelnuovo 2010a; 
Pietrabissa et al. 2012). “Clinical Psychology has to forge a more fruitful alliance 
with Medicine, “accompanying” it in all the clinical acts and adopting a scien-
tific stance. Guidelines, protocols, and investigations using an Evidence-Based 
Approach are requested in all the psychological areas related to the treatment of 
main organic and mental diseases: more space has to be dedicated to Evidence-
Based Practice in Clinical Psychology and Empirically Supported Psychological 
Treatments” (Castelnuovo 2010b, p. 4), above all in the obesity field.
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Abstract  Obesity is currently considered as a medical disease but not as a mental 
disease per se. However, the recommended approach to assessment, treatment, and 
rehabilitation of patients suffering from obesity is multidimensional and interdisci-
plinary. In the last two decades, the clinical picture called Binge Eating Disorder 
has received an increasing attention from both researchers and clinicians and has 
contributed to the development of a bio-psycho-social approach to obesity. Night 
eating and emotional eating are two other patterns of disordered eating that deserve 
attention. The prevalence of obesity in people diagnosed as having a mental illness 
is very high. Most psychotropic drugs are associated with the potential to induce 
obesity and obesity-related disorders but iatrogenic weight gain is only a component 
of the obesity-mental illness association that is a double factor of social stigma and 
disability. Obesity and mental disorder each accounts for substantial burden of dis-
ease, social prejudice, and discrimination and internalized stigma. A multifaceted 
relationship links psychopathology, obesity, social discrimination, and disability 
with circular connections.

10.1 � Is Obesity a Disease? Should Obesity Per Se  
be Considered a Mental Disorder?

To identify obesity solely on the basis of a body mass index (BMI) or percentage 
of body fat in excess of some threshold and to label it a disease with no discussion 
of the appropriateness of the term leads to a lot of conceptual problems (Heshka 
and Allison 2001). Nevertheless, at present obesity is generally considered as a 
medical disease by a number of authoritative bodies, with some ambiguity.

The World Health Organization (WHO) reports on obesity typically refer to this 
condition as a disease but there is no discussion about the correctness of the term. 
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In actual fact obesity is listed in the WHO International Classification of Diseases 
(ICD-10, 10th edition), but it is noteworthy that the full name of ICD is the 
International Statistical Classification of Diseases and Related Health Problems 
because it includes conditions which are not diseases per se but represent risk fac-
tors to health.

Consequently, should obesity be considered a disease or a risk factor?
In 2008 a white paper on evidence and arguments commissioned by the 

Council of the Obesity Society recognized that it is reasonable to call obesity a 
disease on the basis of a speculative utilitarian analysis: “considering obesity a 
disease is likely to have far more positive than negative consequences and benefit 
the greater good by soliciting more resources into research, prevention, and treat-
ment of obesity” (Allison et al. 2008).

In the same year, The Obesity Society Council published its resolution: 
“Obesity is a complex condition with numerous causes, many of which are largely 
beyond an individual’s control… obesity causes much suffering, ill health, and 
earlier mortality, and persons with obesity are subject to enormous societal stigma 
and discrimination. Whether obesity should be declared a disease is a topic on 
which thoughtful arguments have been expressed on both sides of the issue… 
After extensive dialogue and careful consideration, the Council concludes that the 
official position of The Obesity Society is that obesity should be declared a dis-
ease. The Obesity Society will henceforth refer to obesity as a disease and encour-
ages others to do so” (Obesity Society Council 2008).

Three years later the American Association of Clinical Endocrinologists 
(AACE) stated that “there is significant clinical evidence to declare obesity as a 
disease state. The Association believes that the declaration will help lead the way 
for more effective therapies and treatments to help the 34  % of Americans cur-
rently suffering with obesity” (AACE 2011).

Another related and recurrent question is the following: should obesity be con-
sidered a mental disorder?

Considering obesity as a mental or behavioral disorder raises many problems. In 
2007 Devlin wondered if there is a place for obesity in the future DSM-5, Diagnostic 
and Statistical Manual of Mental Disorders, 5th edition (Devlin 2007). He reviewed 
three possible models of non-homeostatic eating that result in obesity: the first 
model weighs up the form of overeating to classify obesity as an eating disorder; 
the second model stresses the consequences of non-homeostatic eating and consid-
ers obesity as an addictive disorder (food addiction); the third model focuses on the 
function of food and concentrates on difficulties in the area of affect regulation and 
stress response. The author concluded that to devise diagnostic criteria based on the 
above models raises multiple difficulties because the phenomena central to each 
model are basically dimensional. The neurobiological relationships among eating 
behavior, reward systems, and affect regulation systems represent a very interest-
ing topic (Orford 2001; Riva et al. 2006; Acosta et al. 2008; Avena 2010; Gearhardt  
et al. 2011) but a detailed understanding of the connections is still lacking.

At present, the recommended approach to assessment and treatment of obesity 
is multidimensional and interdisciplinary: it is essential to consider together the 



CORRECTED P
ROOF

18510  Psychiatric Aspects

overall physical condition, medical complications, disabilities, psychiatric comor-
bidity, self-regulation, motivation, self-efficacy, family, social resources, the role 
of stigma, prejudice, discrimination, environment, and available services (Donini 
et al. 2010; Karasu 2012).

10.2 � Binge Eating Disorder

Binge eating disorder (BED) is not yet an approved DSM-IV-TR (American 
Psychiatric Association 2000) or ICD-10 (World Health Organization 1992) diag-
nostic category but it is already accepted as an eating disorder (ED) in actual prac-
tice and will be included in DSM-5 as a distinct syndrome.

BED has connected the medical area of obesity with the psychiatric field of eat-
ing disorders. In the last 20 years, this bridge attracted more attention to the psy-
chological and psychiatric aspects of obesity and contributed to the development 
of a multidimensional team approach to the assessment and treatment of eating 
and weight disorders (Cuzzolaro and Vetrone 2009).

The core feature of BED is the presence of recurrent episodes of overeating 
with loss of control and no regular use of inappropriate weight-loss behaviors like 
self-induced vomiting. The frequency cut-point for diagnosis is 2 days per week 
for 6  months in DSM-IV but probably will be once per week for 3  months in 
DSM-5 that should appear in May 2013.

The results of the National Comorbidity Survey Replication, a face-to-face 
household study conducted in a large representative sample (n = 9282), indicated 
the following lifetime community prevalence rates of DSM-IV-BED in USA: 
3.5 % in women and 2.0 % in men; F to M ratio was 1.75 to 1.0. Furthermore, 
lifetime BED was significantly associated with current obesity class III 
(BMI ≥ 40 kg/m2) (Hudson et al. 2007).

Subjects with obesity and BED often are trapped in a cycle of attempting to 
diet, then losing control, binge eating, and gaining even more weight (Herman 
and Polivy 1990). However, it remains uncertain which comes first: bingeing or 
dieting?

There is a significant relationship between BED and type 2 diabetes. BED is 
likely a risk factor for an accelerated weight gain, which often involves an increase 
in insulin resistance (Herpertz et al. 2006).

The presence of BED is a useful marker of comorbid psychopathology espe-
cially depression, anxiety disorders, and substance abuse disorders (Stunkard and 
Allison 2003; Guerdjikova et al. 2007). In obesity surgery candidates, BED is 
associated with an increased prevalence of axis I psychopathology (in particular, 
current and lifetime mood and anxiety disorders), beyond the already elevated rate 
observed with obesity class III (Jones-Corneille et al. 2012).

Studies on BED treatment are burdened by several limitations as selection 
biases (e.g., mostly women and overweight), small samples, high drop-out rates, 
and placebo response (Ramacciotti et al. accepted for publication).
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Psychological treatments may be useful, in particular cognitive-behavioral ther-
apy (CBT), dialectical behavior therapy, and interpersonal psychotherapy (Molinari 
et al. 2005; Castelnuovo et al. 2011; Tasca et al. 2012). For example, a manualized 
CBT approach offered one day a week during an average of 7  months produces 
benefits that are durable up to 3.5 years post treatment (Vanderlinden et al. 2012).

A number of psychotropic drugs (antidepressants, in particular SSRIs, selective 
serotonin reuptake inhibitors, like fluoxetine and sertraline; anticonvulsants/mood 
stabilizers like topiramate and zonisamide) may have modest beneficial effects. 
For example, zonisamide augmentation to individual cognitive behavior therapy 
can improve the treatment of binge eating disorder patients, reducing body weight 
and the number of binge eating episodes. These results were maintained 1  year 
after the end of treatment (Ricca et al. 2009).

Loss of control is central to psychological disturbance associated with BED. 
Feelings of loss of control could drive binge eaters to seek weight loss surgery 
more often than non-BED obese subjects in an attempt to gain control over both 
compulsive eating behavior and body shape (Colles et al. 2008).

The prevalence of BED among bariatric surgery candidates is high but this syn-
drome should not be considered as an absolute contraindication. Adequate pre- 
and post-surgical treatment (e.g., CBT-group therapy with or without SSRIs) may 
help BED patients to obtain positive outcomes from weight loss surgery (Ashton 
et al. 2009, 2011).

Binge eating or loss of control eating may be observed in children and adoles-
cents as well, usually associated with overweight/obesity (Marcus and Kalarchian 
2003; Tanofsky-Kraff et al. 2008; Cebolla et al. 2012). Binge eating appears inde-
pendently associated with emotional eating, depression, and anxiety and positively 
related to parental problems (e.g., underinvolvement, arguments, and depression 
of family members), and social problems (d’Autume et al. 2012; Hartmann et al. 
2012). As regards the last point, the interpersonal model proposes that social dif-
ficulties lead to negative affect which, in turn, precipitates binge eating episodes 
(Elliott et al. 2010).

10.3 � Night Eating Syndrome and Emotional Eating

Two other patterns of disordered eating are frequently associated with obesity: 
the so-called night eating syndrome (NES) and emotional eating (EE). Albert 
Stunkard is one of the researchers who supposed that night eating should be clas-
sified as a distinct eating disorder (Stunkard et al. 1955, 2008; Stunkard and Lu 
2010). There are no approved DSM or ICD criteria for NES that could be ten-
tatively defined by two core criteria: evening hyperphagia (ingestion of at least 
25  % of daily calories after supper) and/or awakenings with ingestions (at least 
three times a week). According to these criteria, NES affects men and women and 
its prevalence is about 1.1–1.5 % of the general population, 6–16 % of patients in 
weight reduction programs, and 8–42 % of candidates for bariatric surgery.
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NES is frequently associated with depressed mood that worsens in the evening 
and is gaining large recognition for its role in the development and maintenance 
of obesity (Gallant et al. 2012; Milano et al. 2012). However, the relationship 
between this syndrome and obesity remains unclear. Circadian genes may play 
a role (Gallant et al. 2012). Limited evidence suggests that psychological inter-
ventions, some psychotropic drugs (e.g., selective serotonin re-uptake inhibitors, 
topiramate, agomelatin, etc.) and bariatric surgery may diminish symptoms.

It is well known that eating usually moderates distress. In some people there is 
a very strong relationship between eating, energy intake, and emotions, above all 
depression, anger, anxiety (Goldbacher et al. 2012), and boredom (Koball et al. 2012).

EE may be observed in adults, adolescents, and children (Michels et al. 2012; 
Vannucci et al. 2012).

Several studies suggest that the hormone ghrelin might play a key role in the 
relationship between acute and chronic stress and food intake (Schellekens et al. 
2012). At present, ghrelin is the only known orexigenic hormone from the periph-
ery to stimulate food intake and its plasma levels are enhanced under conditions of 
physiological stress.

10.4 � Obesity, Anxiety, and Depression. The Hen or the Egg?

Anxiety and depression often go together with BED- and non-BED-obesity.
Which came first? Some studies indicate that childhood–adolescence obe-

sity is a strong and independent risk factor for adult depression. For example, a 
large cohort study of 91.798 female registered nurses followed longitudinally for 
12  years found that women in the two highest categories of body shape at age 
10 had both higher prevalence (OR  =  2.59, 95  % CI 1.46–4.61) and incidence 
(OR = 2.01, 95 % CI 1.08–3.71) of depression than lean women of the same age. 
Similar results were obtained for BMI at age 18 (Sanchez-Villegas et al. 2012).

However, a number of studies suggest a bidirectional relation between obesity 
and depression. The Nurses’ Health Study prospectively followed from 1996 to 
2006, 65.955 women aged 54–79 years. Information about body weight, depression 
status, and various covariates were updated every 2 years. Depression at the base-
line period was associated with an increased risk of obesity at the follow-up period 
also in baseline non-obese women. On the other hand, obese women at baseline had 
a moderately increased risk of depression at the follow-up period compared with 
baseline normal-weight women also for new onset of depression (Pan et al. 2012).

Few studies examined participants in weight reduction trials to determine 
whether moderate weight loss would be associated with incident symptoms of 
depression and suicidal ideation, and whether symptoms of depression at baseline 
would limit weight loss. An accurate research seems to demonstrate that mild (or 
greater) symptoms of depression at baseline do not prevent overweight/obese indi-
viduals with type 2 diabetes from achieving significant weight loss (Faulconbridge 
et al. 2012).
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Several studies have demonstrated a relationship between chronic stress, 
depression, and ingestion of caloric dense comfort foods. This association likely 
contributes to the higher risk of cardiovascular disease in anxiety and depressive 
disorders.

For better prevention and treatment it would be useful to clarify which bio-
logical systems and/or lifestyle factors underlie these links. Many recent bio-
logical studies highlight the role of inflammatory factors and of the gut-brain 
peptide ghrelin. For example, Arianne Van Reedt Dortland and coworkers found 
that chronic low-grade inflammation (biological stress factor) and smoking (life-
style factor) partly explain increased dyslipidemia and abdominal obesity risk in 
patients with severe anxiety disorders and depression (van Reedt Dortland et al. 
2012). In addition, we have to remark that tricyclic antidepressants may increase 
metabolic risk through enhanced sympathetic and decreased parasympathetic auto-
nomic nervous system activity.

As regards ghrelin, according to the conclusions of a recent review article, the 
ghrelinergic system seems to be a critical factor at the interface of homeostatic 
control of appetite and reward circuitries, modulating the hedonic aspects of food 
intake (Schellekens et al. 2012). Craving for and addictions to alcohol and sweet 
foods were both found to be associated with increased levels of ghrelin. Animal 
and human studies suggest that ghrelin plays an important role in addictive behav-
iors, particularly in alcohol and food seeking behaviors. Consumption of alcohol 
and sweet food is associated with the activation of ghrelin receptors in the hip-
pocampus and probably triggers chemical processes which are experienced as 
rewarding by the individual. (Leggio et al. 2011, 2012). Perhaps future anti-obe-
sity pharmacotherapies should focus also on the ghrelinergic system to modulate 
the rewarding properties of food.

10.5 � Obesity and Negative Body Image

The first systematic studies on body image in subjects with obesity date back to 
the 1960s (Stunkard and Burt 1967; Stunkard and Mendelson 1967) and their clin-
ical relevance has continued to increase over the years.

Such factors as gender, age, degree of obesity, onset age of overweight, ethnicity, 
social class, history of childhood teasing and parental criticism about weight, his-
tory of weight cycling, and presence of binge eating all show important modulat-
ing effects on body uneasiness (Sarwer and Thompson 2002; Schwartz and Brownell 
2002; Sarwer et al. 2005; Dalle Grave et al. 2007; Marsh et al. 2007; Franko et al. 
2012). In the last two decades, several studies have remarked that individuals with 
BED-obesity present greater dissatisfaction and distress about their body appearance 
than people with non-BED-obesity (Wilfley et al. 2000a, b; Cuzzolaro et al. 2008).

Patients with BED may present weight and shape concerns comparable to 
bulimia nervosa patients and higher than anorexia nervosa patients (Wilfley et al. 
2000a, b). A negative body image could drive obese binge eaters to seek bariatric 
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surgery more often than non-BED obese subjects, other conditions being equal. 
Therefore, assessment and treatment of persons with obesity and BED should con-
sider cognitive as well as behavioral dysfunctional attitudes and outcome studies 
should be focused not only on eating behavior but on body image as well.

10.6 � Obesity and Cognitive Function

In spite of some relevant discrepancies in findings between studies, possibly due 
to participant sampling and methodological differences, obesity, in particular cen-
tral obesity, seems to be a risk factor for faster cognitive decline and a number 
of epidemiological studies suggest that being obese in midlife is a risk factor for 
dementia in later life (Xu et al. 2011; Chang et al. 2012; Luchsinger et al. 2012). 
Remarkably, subjects with anorexia nervosa and obesity present similar dysfunc-
tional executive profiles: decision making, response inhibition, and cognitive flex-
ibility (Fagundo et al. 2012). Obesity adversely affects frontal lobe brain structure 
and function. Individuals suffering from obesity have significantly smaller total 
brain volumes and specifically, significantly reduced total gray matter volume 
(Brooks et al. 2012).

Midlife obesity may be an important modifier of brain atrophy in individuals 
who are developing cognitive impairment and dementia, while it seems to have little 
effect on structural brain integrity in non-demented older adults (Driscoll et al. 2012).

Is obesity without metabolic abnormalities linked to normal brain decline?
Archana Singh-Manoux recently analyzed with other British researchers cogni-

tive function in 6,401 adults using a battery of tests, three times over 10 years, to 
study the effects of obesity and metabolic health on cognitive decline. The authors 
found that the obese subjects (BMI ≥ 30) tended to lose their mental powers faster 
than the thinner subjects. The fastest decline in memory and thinking skills was 
observed in those with both obesity and metabolic abnormalities (high blood 
pressure, high LDL cholesterol, etc.) who experienced a 22.5 % faster decline on 
their cognitive test scores over the decade than those who were healthy. However, 
among the obese, decline over 10 years was similar in the metabolically normal 
and abnormal groups (Singh-Manoux 2012).

10.7 � Psychiatric Disorders Subsequent to Weight Loss 
Surgery

The current and lifetime rates of psychopathology are high in bariatric surgery 
candidates, in particular the lifetime rates of mood and alcohol use disorders; the 
BED prevalence is about 10 % (Mitchell et al. 2012) and BED is associated with 
an increased prevalence of axis I psychopathology (Jones-Corneille et al. 2012). 
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Weight loss surgery candidates may have a greater lifetime risk of alcohol use 
disorders. After surgery many patients continue to consume alcohol regardless of 
greater sensitivity to the intoxicating effects of alcohol (Heinberg et al. 2012) and 
not rarely they increase quantities. Some patients seem to experience addiction 
transfer. New compulsive behaviors and new addictions may blossom to replace 
overeating: alcohol, smoking, drugs, gambling, shopping, etc. However, adequate 
studies of this phenomenon are not yet available. In the last few decades several 
case studies and case series have investigated the emergence of eating disorders 
after bariatric surgery. In most cases diagnostic criteria for anorexia nervosa or 
bulimia nervosa full syndrome were not satisfied and Segal and coworkers pro-
posed a new category, Post-Surgical Eating Avoidance Disorder, PSEAD (Powers 
et al. 1999; Segal et al. 2004). Emotional eating and compulsive grazing are eat-
ing patterns that can persist or appear after bariatric surgery and negatively affect 
outcome (Saunders 2004; Chesler 2012). The post-operative development of eat-
ing disorders in weight-loss surgery patients seems a quite rare outcome but it is 
likely that such symptoms are underreported (Marino et al. 2012). Bariatric sur-
gery patients with comorbid psychiatric disorders (e.g., severe personality disor-
der, intense body image disturbance) may show greater difficulties in adapting to 
the postoperative way of life and psychological and/or psychiatric treatment may 
be necessary (Kinzl 2010).

10.8 � Obesity, Serious Mental Illnesses, and Psychotropic 
Drugs

The prevalence of obesity in people diagnosed as having a mental illness is very 
high. Persons with serious mental illness (mood and anxiety disorders, schizophre-
nia, post-traumatic stress disorder, personality disorders, etc.) are 1.5 to more than 
3 times as likely to be obese as the general population (Simon et al. 2006; Petry  
et al. 2008; Pagoto et al. 2012).

The prevalence of obesity (BMI > 30) in a sample of inpatients suffering from 
schizophrenia was 42.08  %, 3.5 times that of the Canadian average (12  %) and 
over three-quarters of women were overweight or obese (Coodin 2001).

A recent Australian study examined all male and female inpatients in a pub-
lic mental health service center and found that the percentage of obese persons 
(30.3 %) was much higher than that of the general population (21.4 %). Females 
showed a higher propensity toward obesity than males. Most diagnostic catego-
ries had a mean BMI in the overweight range, whereas personality disorders had a 
mean BMI in the obese range with a percentage of individuals with obesity higher 
than that observed in patients suffering from psychosis (Stanley et al. 2012).

Overweight/obesity and mental disorders (depression, psychotic disorders, 
attention deficit hyperactivity disorder, anxiety disorders, etc.) appear frequently 
together also in children and adolescents (Haw and Bailey 2012; Kalarchian and 
Marcus 2012).
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Psychiatrists who disregard the physical health of their patients and focus only 
on treating the patient’s psychiatric condition are not only neglectful but are also 
contributing to the epidemic of obesity among people with serious mental illness 
(Radke et al. 2010).

Obesity and metabolic syndrome are now well-documented side effects of 
second-generation antipsychotic use (Nasrallah 2003; Shin et al. 2008; Ellingrod  
et al. 2012). However, the association between schizophrenia and the metabolic 
syndrome may be observed independently from the risk of induction of this syn-
drome by antipsychotic drugs (Bou Khalil 2012) and iatrogenic weight gain is 
only a piece of the obesity-mental illness dyad (Taylor et al. 2012a, b).

The interaction of genetic factors, socioeconomic status, lifestyle, and medica-
tions likely accounts for the high risk of overweight, metabolic syndrome, and pre-
mature mortality in people with serious mental illness.

Undoubtedly most psychotropic drugs—not only antipsychotics but antidepres-
sants and mood stabilizers as well—are associated with the potential to induce 
weight-gain and obesity-related disorders such as diabetes type 2, hypercholester-
olemia, and hypertension. In addition, weight gain contributes to patient noncom-
pliance with pharmacotherapy. Genetic and gender differences may be significant 
factors: women are more susceptible to weight gain (Dent et al. 2012; Nihalani  
et al. 2012). On the other hand,  very few psychotropics are associated with weight 
loss. For example, zonisamide, a sulfonamide anticonvulsant and mood stabilizer, 
has been shown to cause weight loss instead of weight gain (Wellmer et al. 2009).

Clinicians should take into account potential for weight gain when they pre-
scribe any psychotropic. They should monitor metabolic parameters in their 
patients, and educate them and caregivers about the risks and how to prevent them 
(Ganguli and Strassnig 2011; Copeland et al. 2012). Early intervention is the key 
to preventing significant drug-related weight gain. Patients should be told about 
weight gain as a potential adverse effect before they begin treatment. Their weight 
and waist circumference should be monitored as a standard of care and routine 
monitoring for hyperglycemia, hyperlipidemia, and hypertension should be per-
formed (Lin et al. 2012; Panagiotopoulos et al. 2012). Ideally, a diet and exercise 
plan should be initiated to prevent weight gain before medically significant over-
weight occurs. Diet and physical exercise require commitment and motivation on 
the part of the patient. This is a difficult task but not impossible (Umbricht et al. 
2001; Ganguli and Strassnig 2011; Taylor et al. 2012a, b).

10.9 � Obesity, Psychopathology, and Disability

Obesity and mental disorder each accounts for considerable burden of disease, 
social prejudice and discrimination, and internalized stigma. It is well known 
that also after controlling for physical disease severity, psychopathology is con-
sistently associated with increased multidimensional disability in everyday living 
skills, structured daily activities and functional domains with a dose–response 
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relationship between severity of mental illness and level of disability. Patient-
reported and interviewer-rated disability, global burden of disease, number of 
disability days, disability-adjusted life years (DALYs) are the main outcome meas-
ures. Three domains of real-world functioning are usually explored: community 
and household activities, work skills, and interpersonal relationships. Disability is 
prominent among patients suffering from schizophrenia and other psychotic dis-
orders, bipolar disorder, major depression and other mood disorders, panic disor-
der and other anxiety disorders, post-traumatic stress disorder (Ormel et al. 1994; 
Andrews et al. 1998; Sareen et al. 2007; Patel 2008; Bowie et al. 2010; Miller  
et al. 2012). As the prevalence of obesity in people diagnosed as having a men-
tal illness is very high, obesity and obesity-related diseases contribute to the 
total disability level. In addition, a double social and internalized stigma impairs 
the quality of life of individuals who are mentally ill and overweight (Brownell  
et al. 2005; Carels et al. 2009; Paterson et al. 2012). Persons with intellectual dis-
abilities present a higher prevalence of obesity than the general population, and a 
trend to an increase in the prevalence of excess weight. Furthermore, mental disor-
ders frequently coexist and give a relevant contribution to the total disability level 
(Einfeld et al. 2011; Gazizova et al. 2012; Taua et al. 2012).

In conclusion, a multifaceted relationship links psychopathology, obesity, social 
discrimination, and disability with circular connections. For example, it has been 
observed that depressed mood seen in Class III obese surgery-seeking individuals 
may be most related to weight-related stigma rather than binge eating status, or 
weight-related physical disability (Chen et al. 2007). Implications for rehabilita-
tion research and intervention require further investigation and a holistic approach 
should be more and more implemented.
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Abstract  Obesity is a clinical condition characterized by fat mass reserves 
increased to such an extent as to represent a health risk. The clinical diagnosis of 
obesity requires a careful nutritional status valuation to get an early diagnosis of 
malnutrition (undernutrition, overnutrition, or mixed malnutrition); to establish 
nutrition requirements; to identify those patients who require a nutritional interven-
tion for global or selective nutrient deficiencies; and to check the effectiveness of 
such an intervention. The main components which characterize nutritional status are 
energy balance (nutritional habits and physical activity), body composition, body 
function, and inflammatory status. Nutrition intervention will focus on achieving a 
weight loss of at least 10 % from baseline body weight with a significant reduc-
tion in body fat and preservation of lean mass; reconstructing long-term healthy eat-
ing habits (quality, quantity, rate) based on the canons of the Mediterranean Diet; 
obtaining a patient’s compliance adequate to achieve the established objectives. 
The nutritional intervention should be included into a process of therapeutic educa-
tion aimed at the implementation of the knowledge about the disease and its man-
agement, and to change behaviors related to it for better management. In addition, 
therapeutic education allows to understand and to manage the psychological aspects 
related with the disease itself. An increasing number of new inpatient admissions 
in Rehabilitation settings consist of either failed or complicated post-surgical cases 
characterized by malnutrition, functional impairment and psychological uneasiness. 
Nutritional rehabilitation may be effective in reducing short-term and long-term 
complications related to bariatric surgery in improving the results of bariatric sur-
gery and the recovery from psychological and functional impairments.
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11.1 � Evaluation of Nutritional Status in the Obese Subject

Obesity is a clinical condition characterized by fat mass (FM) reserves increased 
to such an extent as to represent a health risk.

Despite the lack of a universally accepted consensus, obesity may be defined 
as FM exceeding 25  % in men or 35  % in middle-aged women (WHO 1995; 
Deurenberg et al. 1998, 1999). The overall increase in body weight is therefore 
just a sign—not always present—of an increased fat mass. Body mass index 
(BMI) represents a useful indicator of overweight from an epidemiological point 
of view, but it is not always sufficient for clinical diagnosis of obesity, which 
requires a careful nutritional status evaluation (NSE) in order to be accurate. The 
NSE allows, among others, to get an early diagnosis of malnutrition (undernutri-
tion, overnutrition, or mixed malnutrition); to establish nutrition requirements; to 
identify those patients who require a nutritional intervention for global or selec-
tive nutrient deficiencies; and to check the effectiveness of such an intervention. 
Regardless of the chosen modality (e.g., oral supplements, diet therapy, artificial 
nutrition), for both clinical and ethical considerations the nutritional intervention 
must always be preceded by a diagnosis supported by an NSE. Indeed, the routine 
use of NSE allows to achieve better and more effective nutritional treatment, to 
verify the efficacy and, when needed, to modify the type of intervention accord-
ing to results so far obtained and to experiment newer treatment modalities. Those 
groups that have more intensively studied NSE in the past years have defined the 
main components which, while with different characteristics and meanings, char-
acterize nutritional status: energy balance (nutritional habits and physical activ-
ity), body composition, body function, and inflammatory status (Cheryl 2001; 
Bedogni et al. 1996; Dwyer 1999; Hill 1992; Soeters et al. 2009).

Of course, the NSE must be framed within a wider clinical evaluation, and 
signs and symptoms of a possible state of over- or undernutrition be interpreted in 
the light of the overall clinical picture of the patient.

11.1.1 � Obesity

11.1.1.1 � Nutrient and Energy Balance

In clinical practice, energy requirements must be evaluated through basal energy 
expenditure (measured by indirect calorimetry (Weir 1949) or estimated through pre-
dictive equations generally taking into account gender, age, weight, and height (SINU 
2012; Harris et al. 1919), corrected for physical activity levels (SINU 2012) and for 
presence or absence of concurrent diseases (Long et al. 1979). As for requirements of 
single nutrients, in some cases this can be assessed quite accurately (e.g. nitrogen bal-
ance via urinary and fecal nitrogen determination), while in the other cases reference 
must be made to the national recommended dietary allowance (RDA).
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Requirements must then be compared with the intake, evaluated by food 
records (e.g., 3 days dietary record with or without food weighting, 24 h dietary 
recall) and/or evaluation of habitual dietary behavior (food frequency question-
naire). Through food composition databases it is then possible to assess subject’s 
energy and nutrients intake (INRAN 2003). Generally speaking, in the obese sub-
jects, mostly so during the phase of the FM increase, there is a largely positive 
energy balance characterized by excess absolute or relative energy intake and a 
reduced energy expenditure due to sedentary behavior. Noteworthy, an energy 
intake higher than 10  % of the requirement, in a subject requiring 2000  kcal 
(8374 kJ) a day will end up increasing his/her body weight by almost 1 kg body 
weight (made for about 80 % of fat) per month.

•	 In a subject with a reference weight of 70 kg this would lead to accumulation of 
12 kg of body weight, that is 10 kg of FM, within a year.

•	 Total body fat mass of the subject would rise (assuming as “normal” baseline 
fat mass: 15–17 % in a man, 24–27 % in a woman) to 28 % if male, 34 % if 
female.

11.1.1.2 � Body Composition

As mentioned above, although the widespread use of BMI for obesity classifica-
tion, this is best defined, especially in clinical practice, according to relative fat 
mass either measured or estimated by double X-ray densitometry (DEXA), bio-
electrical impedance (BIA, after evaluation of the state of hydration of the patient), 
and anthropometry. Each procedure has limitations and strengths (Hill 1992). 
Table 11.1 shows the reference values for the FM from various sources. The dif-
ferences are justified by the type of population and age group considered (Kyle et 
al. 2003; Coin et al. 2008). Some authors suggest the use of fat mass index (FMI) 
corresponding to a BMI = 30 kg/m2 or 75 % percentile of the distribution of a ref-
erence population (Coin et al. 2008; Schutz et al. 2002) (Table 11.2).

The risk associated with visceral adiposity can be estimated through waist 
circumference measurement. This value should ideally measure less than 94  cm 
in men and less than 80  cm in women. Values between 94 and 102 in men and 
between 80 and 88 for women should draw the attention of the physician and 
patient to prevent a further increase in fat mass and suggest the correction of life-
style errors. Values over 102 in man and 88 women urge nutritional intervention 
because of their correlation with significant increase in visceral fat mass and with 
the risk of occurrence of cardiovascular or metabolic diseases (Lean et al. 1995).

Another measure that can estimate the risk related to the visceral fat is the sag-
ittal abdominal diameter (measured in the supine position), measure validated by 
computed tomography which was shown to correlate significantly with visceral fat 
compartment (r = 0.8 in men and 0.83 in women) (Zamboni et al. 1998). Also, the 
thickness of subcutaneous folds can be used as an index of distribution of body 
fat as an alternative to the waist circumference. Among the four major skinfolds 
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(triceps-TSF, biceps-BSF, subscapular-SSSF, and suprailiac-SISF) the SSSF seems 
to best estimate visceral adiposity and the risk of developing hypertension. The 
SSSF/TSF ratio and the ratio between the sum of skinfolds of the trunk (SSSF and 
SISF) and that of the limbs (TSF and BSF) are indices of central distribution of 
adipose tissue and useful prognostic indicators of cardiovascular risk associated 
with overweight (Bedogni et al. 2001; Seidell et al. 1990, 1992).

11.1.1.3 � Body Function

As recalled earlier, a proper NSE cannot be carried out without assessment of 
body function. A carefully collected medical history with appropriate questions, 
a clinical examination, and a few laboratory and instrumental tests are often suf-
ficient to give a full clinical picture. Diagnosis (established and to be confirmed) 
and body function parameters should be accurately recorded. The nutritionist 
should have full access to the patients’ records and also have the opportunity to 
discuss the case with the physicians in charge of the patients and with the other 
members of the multidisciplinary team.

The main indicators of altered body function in a subject with excess fat mass 
are the following:

•	 Metabolic parameters (i.e., blood lipids, glycemic control);
•	 Motor function (e.g., muscular strength, walking test);
•	 Organic complications.

In the case of the obese patient, often there will be some of the following:

(1)	 Metabolic complications

(a)	 Altered glycemic control
•	 impaired glucose tolerance (IGT) glucose 140–200 mg/dl (7.8–11 mmol/L), 

at 2 h after an oral glucose load,
•	 diabetes mellitus: fasting glucose ≥126 mg/dl (≥6.9 mmol/L) or ≥200 mg/dl 

(≥11 mol/L) at 2 h after an oral glucose load.

Table 11.2   Fat mass index (FMI) reference values

FMI

Males Females

Kyle UG et al. 
(2005)

5635 apparently  
healthy subjects

8.3 kg/m2 corresponds 
to BMI = 30 kg/m2

11.8 kg/m2 corresponds 
to BMI = 30 kg/m2

Coin A et al.  
(2008)

1866 Italian subjects  
aged 20–80 years,  
not severely

75° percentile:  
7 kg/m2

75° percentile:  
10.6 kg/m2

Schutz Y et al. 
(2002)

5635 Caucasian subjects 
aged 18–98 years,  
not severely diseased

75° percentile:  
5.9 kg/m2

75° percentile:  
7.8 kg/m2
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(b)	Altered blood lipids
•	 total cholesterol >200 mg/dl (>5.17 mmol/L),
•	 HDL <40 mg/dl (<1.03 mmol/L) in men, <50 mg/dl (<1.29 mmol/L) in women,
•	 triglycerides >150 mg/dl (>1,69 mmol/L),
•	 LDL >130 mg/dl (>3.3 mmol/L).

(c)	� Hyperuricemia: uric acid  >6  mg/dL (>360  μmol/L) in women,  >6.8  mg/dL 
(>400  μmol/L) in men; there is a high risk of developing gout for values 
exceeding 9 mg/dL (535 μmol/l).

(2)	  Impaired motor function, as described in Chaps. 2, 3, and 4.
(3)	Cardiovascular and/or respiratory complications represented by:

(a)	 Atherosclerotic disease (e.g. ischemic heart disease, stroke),
(b)	�Hypertension (SBP  >130  mmHg or DBP  >85  mmHg or on antihypertensive 

medication) (see Chap. 7),
(c)	� Obstructive sleep apnea syndrome (OSAS), restrictive respiratory failure (obe-

sity-hypoventilation syndrome), asthma (see Chap. 8).

(4)	�Musculoskeletal complications (ankle sprains, flat feet, tibia vara, slipped cap-
ital femoral epiphysis, increased risk and burden of degenerative joint disease).

(5)	�Miscellaneous complications: gastrointestinal system (gallstones, non-alco-
holic liver disease, gastro-esophageal reflux), endocrine function (infertility 
and sub-fertility), renal (glomerulosclerosis, proteinuria), venous and lym-
phatic circles (lymphedema, venous insufficiency, phlebitis) dermatological 
symptoms (intertrigo, achanthosis nigricans, pressure ulcers, skin tags, hir-
sutism, striae distensae), neurological diseases (pseudotumor cerebri).

11.1.1.4 � Inflammatory Status

Obesity is characterized by a low-grade inflammatory state that is associated with 
an increased risk of atherosclerosis. High-sensitivity CRP determination may give 
useful indications to assess the risk of atherosclerosis in adults, normal concentra-
tion in healthy human serum being usually lower than 10 mg/L. Also, high CRP 
concentration (>40 mg/dl) can help in the detection of infection or inflammation.

11.1.2 � Sarcopenic Obesity

More and more frequently an increase in FM is associated with a reduction of fat-
free mass (FFM), a scenario termed sarcopenic obesity (SO), which may carry the 
cumulative risk derived from each of the two individual body composition pheno-
types (Prado et al. 2012; Roubenoff et al. 2004). This is especially true for elderly 
subjects or in younger obese subjects with severe disabilities, following bariatric 
surgery without nutritional supervision and in response to long-lasting incongru-
ous dietary regimen. In this group of subjects, requiring more specific nutritional 
rehabilitation protocols, in addition to the standard NSE there will be need to 
check specific nutritional parameters.

http://dx.doi.org/10.1007/978-3-642-35972-9_2
http://dx.doi.org/10.1007/978-3-642-35972-9_3
http://dx.doi.org/10.1007/978-3-642-35972-9_4
http://dx.doi.org/10.1007/978-3-642-35972-9_7
http://dx.doi.org/10.1007/978-3-642-35972-9_8
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11.1.2.1 � Body Composition

In sarcopenic obesity, along with the increase in FM there is a depletion of FFM. 
The reduction in lean body mass (sarcopenia) can be evaluated in clinical practice 
through indices which relate the amount of lean body mass to body size or body 
weight [fat-free mass index (FFMI); skeletal mass index (SMI), appendicular lean 
mass index (ALMI): values lower than the mean −2 SD of the value found in a 
control sample consisting of subjects aged <40 years are suggestive for sarcopenia 
(Table 11.3) (Kyle et al. 2003a; Coin et al. 2008; Schutz et al. 2002; Janssen et al. 
2002, 2004; Tichet et al. 2008; Kyle et al. 2003b; Zamboni et al. 2008).

In our view, a definition of sarcopenia based on the reduction of FFM in “abso-
lute” terms is limited in the case of obesity. In this condition there is in fact, at 
least in younger adults, a physiological increase of FFM (Passmore et al. 1955; 
Norgan et al. 1980; Gallagher et al. 2011; Elia et al. 1999) which enables to 
maintain, for a relatively long time, a good metabolic control and a satisfactory 
physical efficiency. Nevertheless, signs of sarcopenia appear at an early stage in 
the obese subjects; as a matter of fact, a relative, and not an absolute reduction 
of FFM is sufficient to determine a reduced functional performance. It is there-
fore proposed, as an index of sarcopenia in obese subjects, a reduction in the ratio 
actual FFF/ideal FFM less than 0.9. Studies to verify this threshold are underway.

Note Ideal FFM: 85  % of the reference weight in men and 75  % in 
women  +  25  % of the weight further accumulated during fattening (example: 
man with reference weight of 70  kg who weighs 100  kg: ideal FFM =  (0.85 * 
70) + (0.25 * 30) = 67 kg).

11.1.2.2 � Strength

The deterioration of lean body mass (with possible fatty infiltration) is evaluated 
through a progressive worsening of functional parameters such as aerobic capac-
ity, muscle strength, walking speed, ability to maintain balance (Short Physical 
Performance Battery—SPPB: chair stands, gait speed standing balance test) (see 
also Chap. 6).

11.1.2.3 � Body Function

Broadly, in line with what has already been described above for the non-sarco-
penic obese subject (metabolic parameters, motor function, and organic complica-
tions), the subjects with sarcopenic obesity will be evaluated through indicators of 
an altered body function in relation to an altered nutritional status, consequently to 
the combination of an excess FM and a reduced FFM:

•	 metabolic parameters (plasma protein),
•	 immunocompetence (lymphocyte count),
•	 organic complications.

http://dx.doi.org/10.1007/978-3-642-35972-9_6
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A subject with sarcopenic obesity could often present with altered plasma 
proteins and immunocompetence parameters as for protein–calorie malnutrition 
(SINPE 2002) (Table 11.4) and organic complications. In addition to the already 
mentioned complications of obesity, in the case of concurrent sarcopenia, there can 
occur complications related to immobilization syndrome (pressure ulcers, venous 
thromboembolism) and/or reduced immunocompetence (respiratory sepsis).

11.2 � Nutritional Intervention

Nutrition intervention will focus on:

(a)	 achieving a weight loss of at least 10 % from baseline body weight with a sig-
nificant reduction in body fat and preservation of lean mass;

(b)	 reconstructing long-term healthy eating habits (quality, quantity, rate) based 
on the canons of the Mediterranean Diet (or reference national healthy diet: 
for Italy see http://www.piramidealimentare.it) also in an educational logic;

(c)	 obtaining a patient’s compliance adequate to achieve the established objec-
tives (Donini et al. 2010).

11.2.1 � Nutritional Intervention and Therapeutic Education

It is important that nutritional intervention may contribute to correct previ-
ous unhealthy eating habits on a permanent basis. For this purpose there is need 
for frequent professional contact with the patient aimed at assessing the level of 
understanding of the given dietary recommendations, the eradication of bad eating 

Table 11.4   Metabolic and immunocompetence parameters linked to protein–calorie malnutrition 
Gallagher et al. (2011)

Half-life Mild 
malnutrition

Moderate 
malnutrition

Severe 
malnutrition

Metabolic parameters
Prealbumin  

(mg/dl)
48 h 18–22 10–17 <10

Transferrin  
(mg/dl)

8–9 days 200–150 100–149 <100

Albumin (g/l) 29 days 30–35 25–29 <25

Normal 
immunocompetence

Mild 
malnutrition

Moderate  
malnutrition, 
hypoergia

Severe  
malnutrition, 
anergia

Immunocompetence parameters
Lymphocyte  

count (cells/ml)
>1500 1500–1200 1200–800 <800

http://www.piramidealimentare.it
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behaviors related to so called uncorrect “dietary beliefs”, the verification of the 
satisfaction level of the dietary plan (meal organization to suits the patient’s needs; 
as far as reasonably possible, respect for customary dietary habits and tastes while 
encouraging at the same time novel healthier choices) (Breland et al. 2012).

As a matter of fact, the nutritional intervention should be included into a process 
of therapeutic education. This is an essential phase in the management of chronic 
patients: the aim is to implement the knowledge about the disease and its manage-
ment, and to change behaviors related to it for better management. In addition, 
therapeutic education allows to understand and to manage the psychological aspects 
related with the disease itself. Besides the role of providing the patient with informa-
tion about practical aspects of disease management, therapeutic education also aims 
to help improve his/her quality of life (Standard italiani per la cura dell’obesità 2012).

The nutritional intervention, inserted within a framework of therapeutic educa-
tion, is therefore designed to:

•	 inform about healthy nutrition and physical activity, with emphasis on regaining 
the physiological stimuli of hunger and satiety, recognizing the biological sig-
nificance of food, rediscovering a sense of comfort with physical activity,

•	 train for managing and control nutrition and physical activity, even while under 
stress or in anxiety,

•	 train in the management and control of simple clinical parameters (e.g., blood 
glucose, blood pressure),

•	 increase the sense of responsibility in illness and care (illness behavior),
•	 promote, strengthen, and maintain sufficient motivation to change, and
•	 contribute to the therapeutic compliance.

Therapeutic education for obesity must be guaranteed within the team, by pro-
fessionals (doctor, nurse, dietician, community health educator, psychiatrist, psy-
chologist, exercise physiologists) specifically qualified and trained for educational 
activity ((Standard italiani per la cura dell’obesità 2012).

Motivation is essential for obtaining adhesion to treatment and a stable weight 
loss. For this purpose, therapeutic education bases most of its intervention through 
techniques acting on conscious mental processes, some of which are derived from 
cognitive-behavioral therapy, such as therapeutic alliance, problem solving, and 
empowerment (Standard italiani per la cura dell’obesità 2012).

11.2.2 � Procedures for Nutritional Intervention

The following guidelines for hypocaloric diet composition have recently been pub-
lished in the Italian Standards for the Treatment of Obesity (Standard italiani per 
la cura dell’obesità 2012):

•	 Hypocaloric diets should secure a caloric intake equal to  ±10  % of basal 
metabolism.

•	 Carbohydrates, mainly of complex type (fiber-rich or containing slow absorp-
tion starch) should provide 65–70  % of non-protein calorie intake (≥150  g/



CORRECTED P
ROOF

20911  Principles and Protocols in Nutritional Rehabilitation

day), simple sugars should not exceed 10 % of total caloric intake (favoring the 
consumption of foods that contain natural sugars such as fruit and limiting the 
consumption of added sucrose). Note that at the moment there is no evidence 
to support the use of low-carbohydrate diets (≤120–130 g/day) in patients with 
obesity.

•	 Foods with low glycemic index are preferable, especially for weight mainte-
nance after a hypocaloric diet.

•	 The remainder energy should be covered from fat, with an optimal 10 % mono-
unsaturated, 10 % polyunsaturated, 10 % saturated fatty acids.

•	 The intake of polyunsaturated and in particular of n3 fatty acids (for a beneficial 
effect on the prevention of cardiovascular risk) is ensured through the introduc-
tion of at least two servings per week of fish.

•	 The daily intake of cholesterol should not exceed 300 mg/day in adults.
•	 The use of trans fatty acids must be drastically reduced (≤2.5 g/day) because 

it is associated with increased body weight, waist circumference, and BMI in 
population-based studies.

•	 The recommended protein intake is 0.8–1 g/kg ideal body weight (which corre-
sponds to a BMI of 22.5 kg/m2).

•	 Proteins must be of good biological value and must come equally from both 
animal and vegetable protein sources.

•	 Fiber intake is ideally around 30 g/day in order to obtain both functional-type 
effects (i.e. intestinal function) and metabolic-type effects (glucose and lipid 
metabolism).

•	 Vitamin needs are generally covered by the consumption of fruits and veg-
etables generally prescribed in the diet (provided that calorie intake is at least 
1000–1200 kcal/day).

•	 Maximum sodium intake should approximately be 3 g/day (equivalent to 7.5 g 
of NaCl), this should further be reduced in patients with hypertension or a fam-
ily history of hypertension.

•	 Calcium requirements are not generally covered by a low-calorie diet, unless 
two servings/day of dairy products plus if possible integration with calcium-rich 
waters is provided.

•	 Alcohol is not recommended during weight loss because it provides readily 
available energy (7 kcal/g), without satiating power nor significant advantages 
with regard to the provision of other nutrients.

Not surprisingly, in the Italian guidelines the choice of foods to be prescribed 
in hypocaloric diets is based on the Mediterranean dietary pattern: grains, leg-
umes, vegetables, fruits, olive oil, lean meats and fish, semi-skimmed milk and 
dairy products derived from it. This is because in diet therapy of obesity the 
Mediterranean model seems ultimately to be more efficient both in terms of results 
(body weight, metabolic parameters) and in setting the conditions for the long-
term maintenance of a healthy lifestyle. Diets with unbalanced intake of macronu-
trients (i.e., very low carbohydrate or very low fat diets, high-protein diets) did not 
give significantly better results than the Mediterranean hypocaloric diet. Moreover, 
these dietary regimens could potentially expose the patient to side effects (e.g., 
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metabolic acidosis, loss of lean body mass) and do not provide appropriate guid-
ance to weight loss maintenance. Some guidelines warn against unbalanced 
regimes and/or lacking in certain nutrients, as well as against uncontrolled use of 
meal replacements in the absence of medical supervision. About the distribution of 
meals during the day it seems appropriate to propose a pattern characterized by a 
relatively abundant breakfast (semi-skimmed milk, cereals, fruit, yogurt) and two 
main meals; some patients might require, at least at the beginning of treatment, 
two snacks (mid-morning and mid-afternoon), in order to reduce the feeling of 
hunger between meals and to prevent hypoglycemia if diabetics on glucose-low-
ering drugs.

In selected subjects, in particular in whom there are no signs of undernutrition 
and within hospital (intensive residential rehabilitation) settings, it is also possi-
ble to use dietary low calorie diets (LCD) capable of ensuring a more rapid loss 
of body fat with a favorable risk–benefit profile. The LCD diet can be made of 
natural foods (milk, vegetables), dehydrated foods, and supplements. The LCD 
cycles usually last 15 days alternating with 15 days of classical moderate-calorie 
diet. The most recent reviews of the literature do not acknowledge a higher effec-
tiveness of LCD versus standard diets if not in the short term. Nevertheless, LCD 
should be considered as the first choice in morbid obese patients with life-threat-
ening conditions, or before major surgery. They can also play a role in the prep-
aration of the patient for bariatric surgery to reduce anesthesiological risk, once 
the patient has completed its therapeutic educational training in healthy lifestyle 
(Clinical guidelines—Expert panel 1998; Clinical guidelines NIH 1998; Practical 
guide—NIH 2000; Canadian clinical practice guidelines 2007).

11.2.3 � Rehabilitation for Bariatric Surgery

Bariatric surgery may consist in either restrictive (e.g., gastric banding, vertical-
banded gastroplasty) or restrictive-malabsorpitive (gastric bypass) or malab-
sorpitive (e.g. biliopancreatic diversion) interventions. The degree of weight loss 
is generally higher with procedures having a malabsorptive component, at the 
expense of a higher surgical mortality and  short-term and long-term complica-
tions (Kendrick et al. 2006). Metabolic complications (diabetes, lipid abnormali-
ties) usually abate at an early stage (about −10  % weight loss) (Narbro et al. 
2002) while for improvement of pulmonary complications such as obstructive 
sleep apnoea syndrome or obesity-hypoventilation syndrome a greater (−15 and 
25 %, respectively) degree of weight loss may be required (Busetto et al. 2005; 
Sugerman et al. 1992). Improvement in orthopedic complications is greatly vari-
able, depending on previous severity of arthritis, age, and  residual muscle mass 
(Karason et al. 2005; Murr et al. 1995). Restrictive procedures may be ineffective 
in patients with deranged eating behavior (e.g. sweet eaters) or may induce vomit 
and electrolyte abnormalities in patients with eating disorders or unable to cope 
with drastically changed eating habits (Fujioka et al. 2005).
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Outcomes of gastric bypass (one of the most popular procedures in the US) 
in terms of length of hospital stay, 30-day readmission, morbidity, and costs 
were found to be more favorable in hospitals treating more than 100 cases per 
year, than in hospitals treating fewer patients, therefore suggesting that exper-
tise, likely both on clinical and organizational grounds, is a key factor to improve 
treatment outcome (Nguyen et al. 2004). However, although bariatric surgery 
has been proven to improve mortality, morbidity, and quality of life compared 
to standard medical treatment, yet a substantial number of patients experience 
both short-term and long-term complications related to surgery (Virji et al. 
2006),  have little or no benefit from treatment (Suter et al. 2006), or gain weight 
back over time (Christou et al. 2006). Furthermore, even in those with substan-
tial weight loss (more than 20  %) and improvement of some complications of 
obesity, disability may not or may only partially subside, due to residual physi-
cal or psychological impairment (Velcu et al. 2005). There is a surprising lack 
of studies in the literature on ways to improve outcome of surgical treatment. 
This is likely to reflect a cultural gap on considering Morbid Obesity as a disa-
bling condition requiring multidimensional rehabilitation and the lack of experi-
ence on non-surgical rehabilitation protocols for morbid obesity (Fujioka et al. 
2005; Pain et al. 2006; Resnik et al. 2005). Due to the widespread diffusion of 
surgical techniques worldwide, it is no surprise that nowadays at obesity reha-
bilitation services an increasing number of new inpatient admissions consist of 
either failed or complicated post-surgical cases referred from other hospitals. 
Rehabilitation in these patients is often very difficult; malnutrition due to mal-
absorption or vomiting may require semi-intensive care and/or prolonged artifi-
cial nutrition in addition to oral nutritional rehabilitation (i.e., meals with specific 
rheological characteristics administered under active supervision and support 
of dieticians), physical therapy (to treat functional impairment due to carential 
neuropathies, postural unbalances or joint pain due to excessively fast weight 
loss, and consequent muscle wasting), psychological and psychiatric support 
therapy for quite a long time. The aim is to try and improve patient functioning 
and compliance to dietary treatment and/or to reduce surgical risk and improve 
outcome of reintervention (either reconversion of a malabsorptive intervention or 
shift from a restrictive to a malabsorptive intervention); nevertheless, this goal is  
seldom fully reached.

A completely different scenario is that represented by those patients who had 
been referred to surgical treatment and in whom a pre-and post-surgical, rehabili-
tation cycle had been carried out.

In our experience, pre-surgery reduction of body weight (and therefore reduc-
tion of  anesthesiological and surgical risk) but mostly training the patient to 
improve his/her nutritional skills, to cope with changes in feeding habits, to 
increase self-efficacy, physical conditioning, and treating psychological comor-
bidity and eating disorders are associated with a lower (compared to the interven-
tion-specific Italian Obesity Surgery Registry data) early and late-onset morbidity 
and with a higher rate of patients achieving and maintaining a −20 % weight loss 
(unpublished data).
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In their paper on “Best Practice Updates for Multidisciplinary Care in Weight 
Loss Surgery” Apovian and coworkers have set the set the standard evidence-
based best practices in multidisciplinary care with emphasis on preoperative medi-
cal evaluation, patient education, appropriate perioperative care, and long-term 
follow-up (Apovian et al. 2009). The above quoted “best practices” also include 
detailed recommendations on pre-surgery evaluation and clinical management of 
complications like hypoglycemia, ischemic heart disease, metabolic liver disease, 
chronic renal insufficiency, prophylaxis of deep venous insufficiency and pulmo-
nary embolism, and also about plastic (body contouring) surgery following stabi-
lized weight loss.

Additional psychosocial support, such as cognitive behavioral therapy or tar-
geted psychoeducation, has been suggested to improve patient completion of 
the pre-surgery assessment phase (Sockalingam et al. 2012). There is encourag-
ing preliminary evidence from randomized trials on the effectiveness of nutrition 
intervention in patients following weight loss surgery. Nijamkin and coworkers 
(Nijamkin et al. 2012) have shown how intensive nutrition and lifestyle educa-
tional intervention result in higher weight loss for gastric bypass surgery patients 
as compared with those receiving standard care.

Exercise and physical activity also play a fundamental role for management of 
bariatric surgery patients. Patients with low exercise tolerance and low fitness are 
at higher risk of developing postoperative complications than patients with better 
physical conditioning (McCullough et al. 2006). Exercise can prevent the loss of 
lean body mass due to the surgical procedure (which is greater following malab-
sorptive procedures) (Metcalf et al. 2005). The 6-min walking test has been vali-
dated in laparoscopic adjustable gastric band patients as a submaximal index of 
functional capacity (Maniscalco et al. 2006). Unfortunately, preoperative exercise 
counseling does not result in postoperative treatment adherence in bariatric sur-
gery patients (Lier et al. 2012), thus prompting the need for post-surgical inter-
ventions. The risk of nutrient deficiency after bariatric surgery is well documented 
(Shah et al. 2006, Shikora et al. 2007). In Table 11.5 are summarised the main 
nutrients at risk of depletion following bariatric surgery. Aside from well-known 
complications like anaemia and osteoporosis, nutrient deficiency can lead to 
threatening and insidious conditions difficult to diagnose e.g. Wernicke encepha-
lopathy (Shikora et al. 2007) and neural tube defects in offspring (Pelizzo et al. 

Table 11.5   Nutrients at risk of deficiency following bariatric surgery

Surgical intervention Nutrients at risk of deficiency

Gastric banding
Vertical gastroplasty
Sleeve gastrectomy

Iron, calcium, zinc, magnesium, vitamin B12, thiamine

Gastric by-pass Proteins, calcium, iron, zinc, vitamin A, thiamine, folic acid, 
vitamin B12, vitamin D

Bilio-pancreatic diversion Proteins, essential fatty acids, calcium, iron, zinc, vitamin A, 
thiamine, vitamin B12, vitamin D, vitamin E, vitamin K, 
selenium
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2012). Multivitamin multimineral supplementation is mandatory for life, and 
compliance should be regularly checked, especially in women of fertile age who 
represent particularly vulnerable subjects. For the prevention and treatment of 
nutritional deficiencies in post-surgical patients there are algorithms and guide-
lines specifically dedicated to this topic (Schweitzer & Posthuma 2008, Mechanic 
et al. 2009, Heber et al. 2010).

11.3 � Protocols for Multidisciplinary Rehabilitation  
in Bariatric Surgery Patients

In the above quoted paper by Apovian and coworkers, among pre-surgery recom-
mendations, those more strictly linked to rehabilitation and to clinical nutrition are 
the following:

•	 preoperative weight loss of 5–10  % of initial body weight, especially for 
patients with a BMI ≥ 50,

•	 more prospective randomized controlled studies to determine optimal preopera-
tive, weight loss and improved supervision of preoperative weight reduction and 
weight loss surgery education programs,

•	 strong encouragement of smokers to stop smoking prior to weight loss surgery,
•	 availability of smoking cessation advice and treatment at the institution or 

through the weight loss surgery program,
•	 pre- and postoperative monitoring for deficiencies in vitamin D, thiamin, cal-

cium (including parathyroid hormone), iron, vitamin B12, and folic acid, with 
repletion as indicated,

•	 encouragement of bariatric surgery patients to increase pre- and postoperative 
physical activity and low-to-moderate intensity exercise,

•	 guidance and periodic monitoring to help bariatric surgery patients remain 
physically active.

On the basis of our experience, we would recommend the following three 
phases for bariatric surgery assessment and rehabilitation:

Phase 1: Assessment, eligibility, and planning
This can be carried out in either an out-patient, day-care, or in-patient setting 

(the latter is especially recommended for patients with severe complications or 
with psychiatric comorbidity).

All the following steps should be taken into account and documented in 
patients’ clinical notes:

	(a)	 Is the patient a true “non responder” to medical treatment? There should be docu-
mented previous attempts to weight loss in appropriate medically supervised set-
tings (of whom at least one is in a multidisciplinary obesity rehabilitation service);

	(b)	 Individual evaluation of risk–benefit ratio (risk factors for surgical mortality 
and morbidity as compared to the potential benefit from surgery);
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	(c)	 Group and individual information about bariatric surgery given by the multi-
disciplinary team (internist, dietician, psychologist, surgeon, nurse);

	(d)	 Evaluation of patient motivation and of her/his willingness to adhere to long-
term follow-up with emphasis on:

	 (i)	 evaluation of family and social support,

	 (ii)	� making sure that the patient has fully understood the benefits, con-
sequences, and risks of the surgical option and the need for a lifetime 
follow-up,

	 (iii)	� making sure that the patient has fully understood the limits of surgery 
(avoid expectancies on non-realistic outcomes),

	 (iv)	� making sure that the patient has fully understood the dietary modifica-
tions which will be requested following surgery,

	 (v)	� making sure that the patient has fully understood the need for vitamin 
and mineral assumption following surgery.

	(e)	 Counseling in women in fertile age: bariatric surgery is contraindicated in 
pregnant women or in those who seek getting pregnant within 18 months from 
surgery (36 months following malabsorptive procedures);

	(f)	 Psychological and psychiatric assessment: screening tests for eating disorders, 
body image disturbances, other psychiatric conditions followed by interview 
by a clinical psychologist (also by a psychiatrist for confirmation of diagnosis 
and prescriptions);

	(g)	 Evaluation of nutritional status (see Paragraph 11.1);
	(h)	 Metabolic assessment: attention to previous episodes of hypoglycemia and to 

hypothyroidism which represent contraindication to some types of surgical 
interventions; to identify diabetic patients who might face drastic changes in 
insulin requirements following surgery;

	(i)	 Pneumological, cardiovascular, anesthesiological assessment (including 
instrumental exams and 6 min walking test);

	(j)	 Physiatric assessment for exercise prescription in all patients and for evalua-
tion of patients with limited mobility;

	(k)	 Surgical assessment (including liver size).

Phase 2: Risk reduction and preparation for surgery
To achieve these goals we recommend day-care multidisciplinary rehabilitation 

(two weekly sessions for 2–3 months) and/or a 3 week inpatient intensive rehabili-
tation according to individual needs:

(a)	 Pre-surgical reduction and stabilization of metabolic, cardiovascular, and res-
piratory risk factors: weight loss, gradual physical reconditioning, smoking 
cessation, respiratory exercises, etc.;

(b)	 Cessation or at least reduction of binge eating (Ashton et al. 2011) or other 
dysfunctional eating patterns through a combined intervention by psycholo-
gist and dietician;

(c)	 Adaptation to future dietary changes following surgery: dietary training 
(smaller meal size, proper chewing, slower eating, etc.) by supervised meals 
of the dietician;
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(d)	 Brief psychotherapy and psychoeducational interventions in individual cases;
(e)	 Nurse-led patient education in preparation to surgery;
(f)	 Pre-surgery weight loss of at least 5–10 % of initial body weight by a very-

low calorie diet (especially for patients with BMI ≥ 50 kg/m2 or who need a 
significant reduction of liver size).

Both group and individual interventions can be scheduled according to each 
patient’s needs. Examples of schedule for a day-care rehabilitation session can be 
found in Table 11.6.

Phase 3: Rehabilitation following surgery
If no major complication has occurred and if the patient has undergone appro-

priate pre-surgical rehabilitation and training, this can often be carried out on an 
outpatients’ basis following discharge.

Visits with the surgeon, nutritionist, and internist, blood tests and examinations 
are scheduled according to current guidelines (Mechanick et al. 2009; Fried et al. 
2008) and to individual patient’s needs. In the first few weeks, particular attention is 

Table 11.6   Examples of schedule for a day-care rehabilitation session

Time Activity Personnel Location

Day 1
8:00–8.45 Aerobic and isometric reconditioning 

(group)
(heart rate, blood pressure, and  

Sat O2 monitoring during exercise)

Physiotherapist
Nurse

Gym

8.45–9.15 Respiratory exercises (group) Physiotherapist Gym
9:30–10.15 Patient education group Nurse Meeting room
10.15–10.30 Snack (low or very-low calorie) Nurse Common room
10.30–11.15 Individual psychotherapy

or
Psychotherapist Room

Smoking cessation session Psychologist
Nurse

11.30–12.30 Supervised meal (resembling  
post-surgical meal) with  
dietary training

Dietician Dining room

Day 2
8:00–8.45 Aerobic and isometric reconditioning 

(group)
(heart rate, blood pressure, and  

Sat O2 monitoring during exercise)

Physiotherapist
Nurse

Gym

8.45–9.15 Respiratory exercises (group) Physiotherapist Gym
9:30–10.15 Individual session with nutritionist Dietician Room
10.15–10.30 Low-calorie snack Nurse Common room
10.30–11.30 Group psychotherapy Psychotherapist Room
11.15–11.30 Carbon monoxide monitoring  

(smokers only)
Weigh-ins

Nurse Nurses’ room

11.30–12.30 Supervised very-low or  
low calorie meal

Dietician Dining room
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paid to early detection of surgical complications, to weaning from slurry to semisolid 
foods, to adaptation of dosage medications (especially insulin). After a few weeks 
physical exercise is gradually restarted and psychological well-being is monitored 
especially in patients with known eating disorders or other psychiatric conditions (by 
psychometric tests and/or psychological interview and/or psychiatric assessment).

Between 6 and 15 months following bariatric surgery the patient usually sets its 
long-term lifestyle changes, and it is especially important to have her/him engaged 
in regular physical activity (possibly supervised by an exercise physiologist or by 
a physiotherapist) and trained to have an overall active lifestyle. Attention should 
be paid to maximize weight loss (since in most patients the nadir weight is reached 
between 12 and 15 months from bariatric surgery). On the other hand it is man-
datory to prevent malnutrition by checking compliance to supplementations and 
by monitoring blood levels of vitamins and minerals (Pain et al. 2006; Lier et al. 
2012; Fugioka et al. 2005). The patient should also be monitored for early signs of 
maladaptive eating patterns—like Post-Surgical Eating Avoidance Disorder (Segal 
2004). Cognitive-behavioral techniques (Van Dorsten 2011) can be used to support 
and motivate the patient through this phase.

Yet, if the patient is malnourished, or has difficulty in weaning from liquid to 
solid food, or reports postcibal vomiting in the presence of a normal post-surgical 
transit of the contrast media through the alimentary canal at X-rays, she/he should 
be admitted to in-patient or day-care for further assessment and nutritional and 
psychological rehabilitation.

From 15 months onwards usually no further weight loss is detected and there 
is a risk for weight gain over time. The patient should be followed up at regular 
time intervals and instructed to check weight regularly (weekly) to prevent weight 
recurrence (Butryn 2007).
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Abstract  Half a century ago obesity was not a public health problem, however,  
gastroduodenal ulcers were ubiquitous. Many gastrectomies were conducted at 
that time and patients eventually lost weight. That is how bariatric surgery com-
menced, naturally expanding to a variety of techniques and accesses. Success has 
been both bigger and smaller than expected. Yes, bariatric operations became so 
popular that they already represent one of the five most performed major opera-
tions in some countries. They are followed by strong secondary benefits par-
ticularly concerning diabetes remission, to the point that a new subspecialty has 
arisen, metabolic surgery for diabetes. No, they are not carefree and they have not 
solved the problem of severe obesity, at least from the epidemiological point of 
view. They were actually not designed to be a mass treatment. The pursuit of new 
therapeutic avenues and the reinforcement of old ones is still mandatory, if the 
worldwide obesity epidemic is to be curtailed.

12.1 � Introduction

Bariatric operations were devised to create carefully dimensioned restrictive and/
or disabsorptive mechanisms, aiming to eliminate at least 50  % of excess body 
weight/EBW (difference between ideal and current weight), but not much more 
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than 80 %. These results are expected within 2–3 years and should be long-lasting, 
thus only a minority of the subjects achieve ideal weight, most remaining 20–25 % 
above it.

This is quite acceptable, as patients are able to lead productive and reward-
ing lives, at least in comparison with their former status of morbid obesity 
(Table 12.1).

A minority progresses to underweight (1–4 %) (Faintuch et al. 2004), whereas 
as many as 15–40  % will recover some weight after 5–10  years, although still 
remaining below their preoperative status (Fig. 12.1).

12.2 � Surgical Techniques

The most commonly used procedures are indicated in Fig. 12.2. Gastric banding 
and sleeve gastrectomy are purely restrictive interventions because just the gastric 
reservoir is diminished, without any further changes. Roux-en-Y gastric bypass 
is considered a mixed modality because it includes a malabsorptive component 

Table 12.1   Requirements of a successful bariatric intervention

Feature Description

Safety Mortality under 2 % (currently ≤0.5 %)
Efficacy Elimination of >50 % excess body weight (EBW)
Durability Results should remain stable along the years, with rare recurrencies
Tolerability Minor side effects, compatible with good quality of life
Age range Initially 18–65 years, adolescents and the aged still questioned
BMI range Classically >35 kg/m2 with comorbidities, <35 kg/m2 debated (a)

(a) In Asia BMI < 35 kg/m2 acceptable,  and <30 kg/m2 under investigation

1 2 3 4 5 6 7

Failure
0

10

20

30

40

50

60

Failure Usual pattern Failure

Fig. 12.1   Theoretical patterns of postoperative course after bariatric surgery (Body mass index 
versus years of follow up). Usual course (successful operation): >50  % loss of excess body 
weight, modest late catch-up (>5 years). Surgical failure (too little reduction): Patient does not 
sufficiently respond, effective loss <50 % of excess body weight, BMI still in the severe obesity 
range. Clinical failure (malnutrition): Patient loses too much weight and becomes undernourished
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(duodenal exclusion). In the biliopancreatic diversion remodeling of intestinal 
architecture predominates, therefore this is classified as a malabsorptive treatment.

Adjustable gastric banding was the most popular modality in Europe during 
nearly two decades, however, it is becoming less used. It consists in an external 
device that is introduced around the upper part (fundus) of the stomach, com-
pressing this segment and thus creating an hourglass stomach. Roux-en-Y gastric 
bypass is considered the gold standard in most of the world. A small gastric cham-
ber is directly connected to the jejunum, whereas 90–95 % of the stomach along 
with the entire duodenum is excluded and does not receive food.

Sleeve gastrectomy is a 50–60  % vertical gastrectomy. Biliopancreatic diver-
sion includes a sleeve gastrectomy, plus a gastro-ileal anastomosis. Most of the 
jejunum and ileum is excluded, anastomosis occurring only one meter before the 
ileo-cecal valve. Some techniques respect gastrointestinal integrity, whereas dur-
ing sleeve gastrectomy and biliopancreatic diversion, part of the stomach is perma-
nently removed.

All are accepted by professional societies and most national reimbursement 
systems, however, technical features and long-term results vary. Most surgeons 
adopt just one of them as a routine, reserving the others for special circumstances.

12.3 � Endoluminal or Minimally Invasive Interventions

Endoscopists are much interested in obesity treatment and have described a num-
ber of techniques. Two representative ones are shown in Figs. 12.3 and 12.4.

The balloon is a temporary device, usually kept in place for 6  months. An 
empty prosthesis is endoscopically introduced inside the stomach and filled with 
500 ml of saline. It is abandoned there and freely floats in the cavity, occupying 
space and thus eliciting early satiety. Weight loss is substantial, however, less than 
after surgical interventions, and weight regain is a strong possibility, unless the 
balloon intervention is accompanied by lifestyle changes such as exercise and diet-
ing. The balloon may be an option for patients who do not accept operation or pre-
sent very high risk such as extreme obesity or organ failures.

The endoprosthesis is a waterproof plastic tube which is endoscopically 
anchored at the pylorus by means of tiny hooks, and introduced inside the duo-
denum and proximal jejunum, thus lining the respective mucosa. Food is 
consequently prevented from mixing with upper gastrointestinal enzymes (bilio-
pancreatic secretions), therefore digestion and absorption are delayed and reduced. 

Fig. 12.2   Major bariatric 
procedures
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Similar to the gastric balloon this is a temporary method, the device being usually 
removed after 6–12 months (Escalona et al. 2012).

12.4 � Endoluminal Operations

More ambitious approaches target endoscopic vertical gastroplasty, transoral 
gastroplasty, and transluminal sleeve construction (Kethu et al. 2012). Specific 
devices being tested for endoscopic gastroplasty include the EndoCinch Suturing 
System (C. R. Bard, Murray Hill, NJ, USA), the Transoral Gastroplasty System 
(TOGA) (Satiety, Inc, Palo Alto, CA, USA), and the Trans-oral Endoscopic 
Restrictive Implant System (TERIS; BaroSense, Redwood City, CA, USA). Also 
announced are a gastric sleeve (ValenTx bypass sleeve; ValenTx, Inc, Carpinteria, 
CA, USA) and a radiofrequency machine for endoscopic gastroplasty. Some of 
them create mechanical barriers such as a small pouch at the upper part of the 

Fig. 12.4   Duodeno-jejunal 
endoprosthesis

Fig. 12.3   Intragastric 
balloon
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stomach, similar to surgical gastric banding, or an artificial sleeve gastrectomy. 
Others somehow restrict gastric capacity or interfere with gastric physiology, in 
order to inhibit food intake and elicit early satiety.

12.5 � Botulinum Toxin Injection

Dermatologists and plastic surgeons have long realized that botulinum toxin 
(Botox, Allergan, USA) promotes temporary denervation in the area where it is 
infiltrated. This may be useful in the skin for wrinkle elimination, however, vis-
ceral effects have also been investigated. Cholinergic denervation of the gastric 
mucosa, particularly in the fundus along with the prepyloric antrum, is followed 
by weight loss in obese subjects. Relatively frequent endoscopies with multi-
ple injections are necessary for lasting results, however, the technique is simple, 
well tolerated, and could be used even in small centers, especially with high risk 
patients who are not candidates for more aggressive options (Kethu et al. 2012).

12.6 � Gastric Pacemaker

One original proposal is the electronic stimulation of the stomach, in order to 
interfere with local physiology and diminish appetite. Though still not available 
in daily practice, these apparatuses, which to some extent mimic heart pacemak-
ers employed for serious arrhythmia, might represent an interesting combination 
of minor surgical trauma with long-term weight loss (Fig. 12.5).

http://www.freepatentsonline.com/6564101.html
Subserosal electrodes are positioned on the stomach and an external battery-

operated pacemaker, subcutaneously implanted, modulates gastric physiology and 
hormone production. Preliminary results suggest up to 40 % weight reduction, and 

Fig. 12.5   Gastric electronic 
stimulation

http://www.freepatentsonline.com/6564101.html
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improvement of comorbidities such as diabetes, however, not all patients respond 
and long-term results are not available (Gallas et al. 2011).

12.7 � Deep Brain Stimulation

Cerebral electrodes and deep brain electrical stimulation are nowadays famil-
iar to neurologists and neurosurgeons, as they have been used for Parkinson′s 
disease, cerebral palsy, heroin addiction, and other conditions. Devices are mar-
keted in many countries and implantation is well standardized, with good toler-
ance and encouraging long-term therapeutic results, at least for the most common 
indications.

Experience with obesity is limited and one may only speculate whether it will 
eventually be successful and replace other options. The scientific rationale is nev-
ertheless stronger than for operations targeting the stomach or intestine. Obesity 
is more a behavioral disorder than an ailment of the digestive viscera, therefore it 
makes more sense to modulate the hypothalamus than to perform gastric bypass or 
intestinal diversion (Halpern et al. 2011).

12.8 � Metabolic Surgery: The Diabesity Patient

Diabetes in not the first association in morbidly obese subjects. That role belongs 
to arterial hypertension, usually present in twice as many bariatric candidates 
(20–40 % vs. 60–80 %). If one includes prediabetes, insulin resistance, and other 
minor evidence of dysfunctional glucose homeostasis the numbers will substan-
tially increase, rivaling hypertension.

Moving to another angle, obesity certainly is the most important comorbid-
ity of type 2 diabetes, affecting as many as 80 % of such population. Even more 
important, in both the bariatric and diabetic setting, weight loss of as little as 10 % 
will improve management and strongly reduce glucose-lowering drug consump-
tion. Higher values of weight loss often induce partial or full remission of the dis-
ease, in the sense that practically no prescription is required, fasting blood glucose 
returns to normal, and glycosylated hemoglobin HbA1c remains <6 % (Pournaras 
et al. 2012).

Such findings underlie the advent of a new subspecialty within bariatric surgery, 
nominally of metabolic surgery, and the creation of a new syndrome, the diabesity 
patient (Arroyo et al. 2010). Indeed, the number of diabetics in the world is esti-
mated as 170  million, and could reach 300  million within one or two decades. 
Most of them are overweight or obese, but with a body mass index <35  kg/m2.  
In this sense, new indications need to be established for the surgical approach to 
this condition.
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At this moment antidiabetes operations in patients with BMI  <  35  kg/m2 are 
still considered experimental, but there are robust reasons to believe that they will 
soon convert to mainstream, because of mounting positive results with compara-
tively few complications, in the same range as conventional bariatric procedures.

Indeed the majority of such patients are handled by techniques quite similar to 
those adopted for the severely obese, namely adjustable gastric band, Roux-en-Y 
gastric bypass, minigastric bypass, biliopancreatic diversion, and sleeve gastrec-
tomy. Specific operations geared toward diabetes therapy have been devised in the 
last decade, such as ileal interposition and duodenal-jejunal bypass (Arroyo et al. 
2010; Reis et al. 2012).

Postulated mechanisms for the positive metabolic achievements include calo-
rie restriction, duodenal bypass (foregut theory), early arrival of the food bolus 
to the ileum (hindgut theory), and as a consequence of such anatomic changes, 
hormonal changes particularly involving glucagons-like peptide 1(GLP-1) and 
peptide YY (PYY).

A recent review of 29 articles dealing with a variety of metabolic operations, 
both standard and purpose-designed, surveyed a total population of 675. BMI 
decreased from 30.0  ±  0.5 to 24.8  ±  0.4  kg/m2, fasting blood glucose from 
208 ± 9 to 114 ± 5 mg/dL, and HbA1c from 8.9 ± 0.2 to 6.4 ± 0.2 %. Diabetes 
resolution (HbA1c < 7 % without drugs) occurred in 84.0 % (Reis et al. 2012).

Perspectives might not remain as optimistic if the operation becomes popular 
and is indicated with less strict care and follow-up, however, some predict it to 
be quite routinely employed in the near future. In an unpublished yet study, our 
group has observed that even after conventional gastrectomy for cancer, previously 
diabetic cases exhibited a reduction of fasting blood glucose from 149 ±  67 to 
107 ± 32 mg/dL, although patients were not obese and weight reduction was mod-
est (25.2 ± 3.8 to 22.9 ± 4.0 kg/m2).

Many diabesity subjects and also lean diabetics are fed-up with therapeu-
tic regimens and anxious for more promising avenues. Poor drug compliance 
and increased risk of complications are old problems in chronic diseases and 
specifically in diabetes mellitus, and successful surgery might alleviate these 
shortcomings.

12.9 � Costs of Obesity and of Bariatric Surgery

Obesity and its comorbidities is an extremely onerous problem, in some coun-
tries representing the first or second largest national public-health expenditure. 
Bariatric operations are not inexpensive either, demanding major investment in 
hospital facilities, specialized equipment, outpatient care, and a highly trained 
team (Table 12.2).

It is estimated that organizing a surgical weight-loss center will initially cost at 
least 50,000 US dollars per bed, with additional investment for staff training, inventory 
stocking, storage place, and periodic updates (Lautz et al. 2009). Patient or medical 
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insurance disbursement for the operation is proportional, ranging from 4–6,000 up to 
15–20,000 US dollars, depending on the country and the procedure.

All these problems notwithstanding, anti-obesity operations have been admit-
ted as cost-effective, however, long-term studies are scarce. Hayashi et al. investi-
gated a cohort during 5 years, namely the preoperative year along with 4 years of 
follow-up. Outpatient visits and laboratory tests diminished by approximately half 
with the antiobesity treatment, but not total hospitalizations or emergency admis-
sions (Hayashi et al. 2011). In another Brazilian series expenditures with drugs, 
professional care, and laboratory tests also progressively decreased after the opera-
tion, the change becoming more remarkable in cases suffering from more comor-
bidities (Sussenbach et al. 2012).

12.10 � Limitations of Bariatric Surgery

It is estimated that <5  % of the morbidly obese population currently undergo 
bariatric operations, and in most countries <1 %. In the USA, among 7–10 mil-
lion eligible candidates, about 220,000 are actually submitted to such therapy, or 
2–3 % (Buchwald et al. 2009). These numbers are expected to grow but not very 

Table 12.2   Personnel and equipment for an anti-obesity medical and surgical center (Modified 
from Lautz et al. 2009)

Resource Description

Health care team Bariatric surgeon, bariatric anesthetist, bariatric intensive care unit, 
endocrinologist, internal medicine consultants (cardiology,  
pneumology, gastroenterology), dietitian, nurse, physical  
therapist, psychologist, social worker

Operating rooms Purpose-built operating tables, lifts and transferring equipment,  
venous compression devices, appropriate surgical material  
(laparoscopes, retractors, instrument sets for the obese)

Hospital wards,  
outpatient facilities

Wide doors, rooms and corridors, weight-resistant beds and  
furniture, reinforced toilets and lavatories, large elevators,  
wheelchairs, stretchers, walkers, obesity-dimensioned scales, 
oversize gowns and robes

Imaging methods Radiology, ultrasonography, tomography and magnetic resonance 
machines with 200 kg capacity

Central pharmacy Familiarity and availability of anticoagulant, antiarrhythmic and  
vasoactive prescriptions for the obese, appropriate dosing 
guidelines,

especial coding for high-dose medications (barocode)
Miscellaneous Wide blood pressure cuffs, extra-long airway equipment, biphasic 

defibrillators, automated medication administration systems, 
continuous positive airway pressure therapy

Staff safety Lifts and transferring equipment widely available, well-trained 
personnel, courses on how to avoid injury when dealing with 
morbidly obese patients, possible dedicated lift team
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dramatically, because of barriers related to costs, risks, specialized facilities, and 
patient acceptance. In other words, the vast majority of seriously obese patients 
will still be waiting for other modalities of treatment.

Moreover, the role of bariatric surgery is debated in certain circumstances such 
as body mass index/BMI < 35 kg/m2 and age <18 or >65 years. Also controversial 
are candidates to nonbariatric major surgery especially cardiovascular, orthope-
dic, or organ transplantation, as well as general medical and obstetric/gynecologic 
patients at risk of life-endangering complications because of abnormal body 
weight.

Nguyen et al. have suggested a cluster of new parameters for assessing suc-
cess of bariatric management, conflicting with the standard reduction of 50 % of 
excess body weight (Table 12.3). Weight decrease is definitely one of them, but 
not the overarching criterium. In their list they emphasize outcomes that are a 
priority for the patient, not just for the medical team, such as quality of life and 
employment status (Nguyen et al. 2012). Yet they fail to mention a low relapse 
rate, however, this variable should not be overlooked. Most patients come to the 
obesity specialist sick and tired, sometimes literally, from dieting, exercising and 
following other therapies, only to again become frustrated if within a short period 
the weight disorder recurs.

It is true that even classic bariatric procedures may not be ideal after 5–10 years 
(Yamaguchi et al. 2012; Dalcanale et al. 2010), however, currently they unques-
tionably exceed other modalities with regard to degree and durability of response.

12.11 � Synthesis

Weight loss operations are an old idea that took decades to mature but was eventu-
ally embraced, in some contexts with overwhelming enthusiasm, by most of the 
world. It is not a comfortable embrace despite the huge medical and social suc-
cess, both the receiving and the offering parties resenting the multiple and occa-
sionally costly and painful strings attached to such option.

Welcome or not, this is a true paradigm shift that may stay with us for a long 
time, until a magic bullet is crafted to remove this scourge simply and effortlessly. 
In 1998 Hirsch wrote: “Who would not rejoice to find a magic bullet that we could 

Table 12.3   Patient-oriented criteria of success in a bariatric program (Modified from Nguyen  
et al. 2012)

Variable Defining parties

Weight loss Patient + medical team
Amelioration of comorbidities Patient + medical team
Increased quality of life Patient
Better social, psychological and employment status Patient
Acceptable morbidity and mortality (short and long-term) Patient + medical team
Widely available, low cost program Patient + medical team
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fire into obese people to make them permanently slim and healthy?” Realistically 
admitting that such a development was remote and might never materialize, as few 
drugs and genetic treatments could be envisaged with the necessary qualities, the 
article still encouraged people to pursue that road, in order to shed more light on 
the pathophysiology of deranged energy balance (Hirsch 1998).

Major centers are indeed engaged in serious research aiming to reduce mor-
bidity and mortality of bariatric modalities, likewise striving to increase availabil-
ity and popularization of the new techniques. Nevertheless, a gap remains to be 
bridged for millions of patients who need effective treatment, however, they are 
not ready for surgery (or surgery is not ready for them), as well as for national 
health care systems unable to support such a complex and expensive endeavor.

Until Hirsch’s bullet is manufactured, new and creative pathways encompassing 
not only conventional surgery but particularly minimally invasive and endoscopic 
maneuvers, along with even more conservative routes such as transcutaneous gas-
tric electrical stimulation (Wang et al. 2010) will be required, in order to enlarge 
the spectrum and enhance the results of antiobesity management.
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Abstract Sustained and lifelong weight loss for severely obese people is not anymore an impossible dream, and a
Swedish journal has described bariatric surgery as the fairy tale about the ugly duckling (Olbers 2011). Of
course this is a bittersweet remark, because although for millions such is an advantageous and even life-saving
intervention, all of them have to cope with the post-obesity status. Obesity is a chronic incurable disease and
the postobesity status is an attenuated albeit ongoing illness, not a mere sequela. Appropriate follow-up and
secondary interventions, be they surgical, clinical, physiatric, dietary, or psycho-social, may be demanded.
Obesity entails widespread disorders involving as far away organs, structures, needs and abilities as the teeth,
the central nervous system, the gut microbiome, the susceptibility to cancer, the performance at the workplace,
and the demand for health care resources. Subsequent weight gain and comorbidity relapse is a permanent
possibility, as endogenous and environmental obesogenic stimuli are not suppressed, only weakened.
Gastrointestinal restriction and bypass are highly successful maneuvers when correctly indicated and
conducted, however, they do not signal the end of the battle. Patients have to be educated and followed for
life. It is hoped that such experience along with general public-health initiatives will eventually trickle down
to their families, their offspring, and society in general, so that the new generations might be born and nurtured
with obesity prevention in mind.
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Abstract  Sustained and lifelong weight loss for severely obese people is not  
anymore an impossible dream, and a Swedish journal has described bariatric sur-
gery as the fairy tale about the ugly duckling (Olbers 2011). Of course this is a 
bittersweet remark, because although for millions such is an advantageous and 
even life-saving intervention, all of them have to cope with the post-obesity status. 
Obesity is a chronic incurable disease and the postobesity status is an attenuated 
albeit ongoing illness, not a mere sequela. Appropriate follow-up and secondary 
interventions, be they surgical, clinical, physiatric, dietary, or psycho-social, may 
be demanded. Obesity entails widespread disorders involving as far away organs, 
structures, needs and abilities as the teeth, the central nervous system, the gut 
microbiome, the susceptibility to cancer, the performance at the workplace, and the 
demand for health care resources. Subsequent weight gain and comorbidity relapse 
is a permanent possibility, as endogenous and environmental obesogenic stimuli are 
not suppressed, only weakened. Gastrointestinal restriction and bypass are highly 
successful maneuvers when correctly indicated and conducted, however, they do  
not signal the end of the battle. Patients have to be educated and followed for life. It 
is hoped that such experience along with general public-health initiatives will even-
tually trickle down to their families, their offspring, and society in general, so that 
the new generations might be born and nurtured with obesity prevention in mind.
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13.1 � Introduction

Morbidly obese young men may undergo a decrease of 13 years in their life expec-
tancy, and women of 8 years (Schauer et al. 2010). These numbers do not generate 
effects during old age only, when somewhat longer or shorter life spans are mere 
demographic statistics. Quality of life diminishes much earlier, with multiple treat-
ments, hospitalizations, impaired working ability, and assorted physical, social, 
economical, and psychological handicaps (Table 13.1).

Table 13.1   Health problems associated with advanced obesity (Kaul and Sharma 2011; Gunstad 
et al. 2011)

Diabetes mellitus
Arterial hypertension
Hyperlipidemia
Atherosclerosis
Myocardial infarction
Stroke
Obstructive sleep apnea
Asthma
Pulmonary hypoventilation
Varicose veins
Leg lymphedema
Venous thrombosis
Pulmonary embolism
Albuminuria
Renal failure
Gastroesophageal reflux disease
Nonalcoholic fatty liver disease
Liver cirrhosis
Gallbladder disease
Disorders of posture and gait
Knee, hip and back osteoarthritis
Gout
Psychiatric conditions (depression, anxiety)
Cognitive impairment
Intracranial hypertension
Erectile dysfunction
Gynecologic and obstetric complications
Cancer of multiple organs
Migraine
Social and economic troubles
Reduced life expectancy
Low quality of life



CORRECTED P
ROOF

23513  Disability in the Post-Obese Bariatric Patient: Old and New Problems

13.2 � Clinical Amelioration After Bariatric Weight Loss

Most associated diseases and correlates of obesity namely arterial hypertension, 
diabetes mellitus, dyslipidemia, obstructive sleep apnea, systemic atherosclerosis, 
microinflammation, and possibly even cognitive impairment (Gunstad et al. 2011) 
are positively influenced by postoperative weight loss. Follow-up till 15  years is 
compatible with a definitely positive clinical and metabolic balance (Sjostrom et al. 
2009, 2012). Nevertheless, there are reasons to believe that after the first 5 years, ben-
efits will be partially offset by progressively increasing weight regain interfering with 
comorbidities and quality of life, although long-term alleviation of medical conditions 
still represents substantial profit (Yamaguchi et al. 2012; Dalcanale et al. 2010).

13.3 � Neuropsychiatric Impact of Bariatric Intervention

Chronic psychiatric conditions of surgically treated morbidly obese patients such 
as anxiety and depression are sometimes refractory and do not respond to weight 
loss. There is an ongoing discussion whether such patients should be accepted in 
bariatric programs in the first place. Indeed, chances are that such patients could be 
disappointed by the operation, or will refrain from following dietetic instructions 
and returning to follow-up, thus exposing themselves to increased complications.

A curious phenomenon of addiction transfer/substitution is also occasionally 
detected after bariatric management. As psychological reward stemming from gen-
erous meals becomes anatomically impossible or is followed by shame, anguish, 
and weight regain, patients may seek gratification from alcohol and substance 
abuse (Ivezaj et al. 2012). Even irrational spending and credit card overdraft 
may rarely be precipitated as a form of vicarious and ineffective pleasure, in the 
attempt to replace overfeeding, as documented in our experience.

Neuroimaging studies employing positron emission tomography (PET), func-
tional magnetic resonance imaging (fMRI) and magnetic resonance imaging 
(MRI) are now being employed to investigate brain regions implicated in reward, 
emotion, memory, appetite, cognitive control, and attention.

Ochner et al. revealed with the help of fMRI that after Roux-en-Y gastric bypass 
patients responded less to food cues 1 month after operation. Interestingly, such reduc-
tion was more remarkable to energy dense foods than to less caloric products, which 
were presented in the form of words or pictures. The authors suggest that gastrointes-
tinal hormones such as PYY, GLP-1, and ghrelin could underlie such behavior, which 
is protective and should prevent patients from regaining weight (Ochner et al. 2011).

Other groups have unveiled changes in dopamine type 2 receptors in several 
areas of the brain, within the first weeks or months after the same gastric bypass 
(Steele et al. 2010; Dunn et al. 2010), however, with conflicting conclusions.

According to Dunn et al. receptors became about 10  % scarcer, and such 
decrease correlated with reduction of serum insulin and leptin as well as body 
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weight. In the view of these authors increase in extracellular dopamine levels, 
followed by diminished receptors, would result in enhanced dopaminergic neu-
rotransmission conducting to reduced hunger and improved satiety. Steele et al. 
however, documented increased dopamine-2 receptors within a similar context 
including improved satiety and weight loss.

13.4 � General Consequences of the Operation

Social and economic outcome of the intervention may as well be a source of sadness, 
especially in young patients with excessive expectations regarding aesthetic harmony 
and personal success. Suicide in disappointed patients is not common, however, it is a 
recognized risk after antiobesity operations (Heneghan et al. 2012; Tindle et al. 2010).

It is true that obesity itself is a rather depressive condition accompanied by 
an excess of suicides, however, a clear trend in the bariatric population has been 
unveiled in large series (Tindle et al. 2010). Although most bariatric patients are 
female this is more typically a male complication, suggesting that either men are 
less adept at coping with frustration, or perhaps they are more prone to radical 
decisions. Nevertheless, women are not immune to this development either.

Venous stasis usually responds to weight loss, nevertheless varicose veins, 
lymphedema of the lower limbs, along with other dermatological blemishes may 
represent a continuing source of distress after operative weight loss, thus requiring 
further interventions or acceptance of undesirable sequelae.

The metabolic profile is definitely more privileged, provided body weight sta-
bilizes at lower levels. Best therapeutic results correspond to diabetes, with highly 
favorable perspectives for arterial hypertension, obstructive sleep apnea, and 
hyperlipidemia as well (Table  13.2). Overall mortality including cardiovascular 
diseases diminishes and life expectancy increases, although not equaling the val-
ues of the regular population (Sjostrom et al. 2009, 2012; Schauer et al. 2010). 
Also aerobic capacity, general fitness, and ability to walk and perform daily activi-
ties should be counted among the major achievements of such operations, when 
compared to preoperative status (Souza et al. 2010; de Souza et al. 2009, 2010).

Interestingly the Swedish Obese Subjects Study (SOS), which is the larg-
est (>4,000 subjects) and the longest longitudinal bariatric protocol in the world 

Table  13.2   Remission of major comorbidities after Roux-en-Y gastric bypass (Ribeiro et al. 
2009)

Abnormality Preoperative (%) One year later (%)

Diabetes 21.3 7.5
Hypertension 63.8 41.3
Hyperlipidemia 23.8 10.0
Use of antidiabetic drugs 15.0 6.3
Use of statins 13.8 6.3
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(since 1987), documented reduction in disability pension incidence and duration 
in operated men, for up to 19 years. However, no change was detected in women, 
which represent about 80–85 % of the bariatric candidates (Gripeteg et al. 2012).

Observation: All changes were statistically significant.

13.5 � Malignancies in the Obese Population

One theoretical concern within this context is cancer. As indicated in Table 13.3, 
risks are slightly or moderately increased for more than a dozen tumor types. 
No cancer epidemic has materialized in the postbariatric population, available 
evidence suggesting that to the contrary, risks steadily diminish (Sjostrom et al. 
2009). Yet, given the long natural history of malignancies, even if body composi-
tion is corrected patients may still be at risk for the more common modalities such 
as colon, breast, lower esophagus, and endometrium. In this sense, long-term sur-
veillance is advised for this population (Table 13.3).

13.6 � Dental Changes

Is bariatric intervention good for dental health? In principle it should be, as patients 
eat globally less including a diminished amount of sweets, chocolate, and sugared 
soda drinks. On the other hand vegetables, especially uncooked or fiber rich, may 
only be consumed sparingly and with careful chewing, after operations that restrict the 
stomach such as gastric bypass, adjustable gastric banding, and sleeve gastrectomy.

That means that some bariatric patients avoid them altogether, in favor of soft 
food that may not be as healthy. At the same time it must be admitted that obese 
persons in general are not known as avid fans of vegetables, therefore the postopera-
tive pattern will not be dramatically different from the preoperative profile.

Table 13.3   Increased risk 
for cancer development in 
obesity (Khandekar et al. 
2011)

Modality Additional risk (%)

Endometrium 59
Lower third of the esophagus 52
Kidney 24–34
Thyroid 14–33
Breast 12
Colon 9–24
Leukemia 8–17
Melanoma −17
Myeloma 11
Pancreas 7–12
Non-Hodgkin′s lymphoma 7
Rectum 2–9
Prostate 3 %
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Fizzy drinks are also restricted by most bariatric teams as patients with small 
stomachs feel full and uncomfortable with large amounts of gas. The good news 
is that this might reduce tooth erosion, as many of such drinks have a low pH and 
attack the enamel.

It is known for a long time that bulimic patients suffer an excess of cavities and 
tooth decay, however, frequent vomiting with exposure to gastric acid is the obvi-
ous reason. Much less has been scrutinized in nonbulimic bariatric patients, which 
represent the majority, yet it is believed that the final outcome may not be entirely 
favorable (Table 13.4).

As alluded to, this is not a well-studied field and many questions remain. One 
recent report found that in adolescents, obesity itself is associated with more bac-
teria in the oral subgingival biofilm. The study was carefully controlled for all pos-
sible variables, such as presence of chronic disease, medication use, diagnosis of 
plaques or bleeding, salivary flow, and meal frequency (Zeigler et al. 2012).

In contrast calcium deficiency is uncommon in obesity, but, a recognized compli-
cation of gastric bypass and malabsorptive procedures. Dry mouth is also a compara-
tively frequent complaint, and the unpublished experience of our group indicates that 
quite a few patients lose teeth in the first 10 years after surgery because of cavities, 
fractures, and periodontitis. Alveolar bone loss has been specifically emphasized in 
this setting (de Moura Grec et al. 2012), even though patients are comparatively young.

13.7 � Sexual Function

Sexual activity is highly relevant for health and quality of life in males and 
females, and has been associated with increased life span (Lindau and Gavrilova 
2010). Obesity affects all levels of the hypothalamic–pituitary–gonadal axis, thus 

Table 13.4   Challenges for dental health after bariatric weight loss

Variable Comments

Positive changes
Less sugar and sweets Diminished risk of cavities
Reduced fizzy drinks Better protection for tooth enamel
More attention to health More frequent office appointments, nursing 

surveillance
Remission of bulimia Less vomiting, diminished exposure to gastric 

acid
Negative changes
Reduced calcium intake Deterioration of alveolar bone and teeth
Exchange of vegetables for more caloric food Increased risk of periodontitis, cavities
Decreased salivation Dry mouth, enhanced bacterial proliferation, 

periodontitis
Changes in mouth pH Not well demonstrated
Use of ice popsicles More common cracks
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eliciting hormonal imbalance and infertility. In males, conspicuous androgen defi-
ciency and erectile dysfunction are recognized.

In a study of our group, three populations were prospectively compared: males 
submitted to bariatric treatment more than 5 years earlier, nonoperated obese, and 
lean controls. Low testosterone values in the obese participants contrasted with 
a normalized androgenic profile in patients who lost weight after gastric bypass, 
reaching similar values as the lean population.

The same did not occur with erectile function. A couple of domains of the 
International Index of Erectile Function/IIEF questionnaire responded, however, 
the final score was not statistically different from the standard obese cases. The 
reasons for hormonal improvement without obvious recovery of sexual activity 
in these circumstances could be attributed to residual nutritional and metabolic 
problems.

Indeed, despite substantial weight loss many of the bariatric patients still dis-
played BMI above 30 kg/m2, plasma lipids were not optimal, and diabetes, arte-
rial hypertension, and obstructive sleep apnea exhibited suboptimal alleviation 
(Figs. 13.1, 13.2 and Table 13.5).

Fig. 13.1   Total and free testosterone in the three groups

Observation: Long columns correspond to total testosterone, and tips of the columns to free 
testosterone. Shorter columns behind them represent prolactin, estrogen, and other hor-
mones. Only testosterone and sex hormone binding globulin were significantly improved. 
The first columns on the right are normal values (lean controls), those in the middle of the 
picture correspond to nonoperated obese males (depressed values), and the left third of the 
picture displays findings in the bariatrically treated patients. This last group was statisti-
cally comparable to the lean controls with regard to the mentioned improvements, and sig-
nificantly higher than obese controls. (Alberto Fig. 1- HC)
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13.8 � The Intestinal Microbiome

More than 100 years ago, Nobel Prize winner Ilya Ilich Metchnikoff (1845–1915) 
called attention to the world within us, namely of the intestinal flora or microbi-
ome. His focus was the probiotics or beneficial microorganisms able to promote 
both local (enteric) and systemic benefits, notably concerning colonization by 
pathogenic germs, and local and general immune competence.

The idea remained more or less dormant until relatively recent years. It finally 
came of age in 2009, when the National Institutes of Health (USA) decided to 
invest in a huge international investigation called the Human Microbiome Project 
(Jumpstart Consortium 2012). No, the priority of the NIH was not the contribu-
tion of traditional fermented milks and yoghurts to longevity, as advocated by 
Metchnikoff but never proven. They were concerned with the association between 
selected flora patterns and chronic diseases such as obesity and diabetes, which are 
the scourge of our days.

Fig. 13.2   Correlation between the international index of erectile function/IIEF and body mass 
index

Observation: The IIEF score negatively correlated with BMI, as expected. Nevertheless, 
bariatric patients with conspicuous weight loss did not exhibit significant improvement in 
the total score

Table 13.5   Sexual and reproductive aberrations

Variable Disorder Comments

Low total, free testosterone Reduced sexual drive in both 
genders

Impotence in males—Improves 
after weight loss

Sex hormone binding globulin Reduced sexual drive in both 
genders

Impotence in males—Improves 
after weight loss

Elevated estrogen Tumor risk in females Pattern and impact in males still 
obscure

Infertility in both genders Hormonal and cellular 
derangements

Tends to respond to weight loss

Erectile dysfunction Frequent in males Partial response to weight loss
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How could two or three handfuls of innocent intestinal bacteria, with a total 
mass of a mere 700 g, lead to severe obesity with dozens of kilograms of excess 
body weight? Germ-free mice provide part of the answer. As known, these so-
called gnotobiotic organisms maintained in especial laboratories are entirely 
devoid of microbes. Coincidentally, they never acquire obesity or metabolic 
syndrome.

If, however, these animals are conventionalized, which means exposed to con-
ventional micro-organisms, such protection disappears and animals will gain 
a little weight. If germs from obese mice are inoculated, such gnotobiotic ani-
mals may become outright obese. Subsequent studies suggest that by means of 
fermentation of otherwise nonabsorbable fibers and intestinal mucus, along with 
other local metabolic changes, the microbiome may interfere with intestinal 
energy harvest and thus with energy balance. As much as 5–10 % of daily energy 
needs may stem from the by-products of such fermentation, notably short chain 
fatty acids acetic, propionic, and butyric acid (Krajmalnik-Brown et al. 2012). 
And it is known that even modest levels of positive calorie balance will lead to 
obesity, given sufficient time (Tilg and Kaser 2011; Borody and Khoruts 2011) 
(Fig. 13.3).

Experimental and clinical studies reveal that the microbiome has far-reaching 
effects, interfering with hormones, cytokines, inflammatory molecules, and other 
mediators. Appetite, satiety, and mood may be modulated by bacterial phyla with 
names like Bacteroidetes and Proteobacteria (Gram-negative), or Actinobacteria 
and Firmicutes (Gram-positive). Microbes may participate in the regulation of 
neuroendocrine systems such as the hypothalamic–pituitary–adrenal axis.

Multiple studies suggest that Firmicutes are obesity inducing and Bacteroidetes 
antagonize such tendency, however, there is certainly much more to it than the Fir
micutes/Bacteroidetes ratio. One focus of attention is the influence of bacterial 
genes on human gene expression. Just 700 g of intestinal microbioma contain 10 
times more cells than a 70 kg man, respectively, 100 trillion versus 10 trillion, and 
100 times more genes.

Intestinal dietary fiber (zero energy)
Acid forming bacteria Fermentative bacteria Methane forming bacteria

H2, CO2                          
Acetate

Butyrate, propionate Methane

Metabolic fate of acetate, butyrate, propionate (75-200 kcal/day)

Energy substrate for Energy substrate for Liver substrate
small bowel mucosa colonic mucosa for whole body energy needs

Fig. 13.3   Energy extraction from nondigestible food components
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What happens after bariatric operation? Preliminary evidence with Roux-en-Y gas-
tric bypass suggests that Bacteroidetes increase along with other shifts, a bonus able 
to enhance the antiobesity properties of the intervention. Nevertheless, other thera-
peutic interventions are being considered to modulate the microbiome both before and 
after bariatric treatment, particularly dietary changes and yes, the old suggestion of 
Metchnikoff′s, namely probiotics. Diet may induce one or another phylum depending on 
the amount and composition of nutrients, and probiotics could be helpful in some con-
texts as well, by means of changes in flora ecology (Tilg and Kaser 2011; Borody and 
Khoruts 2011).

And yes, fecal transplantation is also being envisaged for obesity. No, this is 
not a typographical error. Healthy human stools may be transferred to another per-
son via nasogastric tube, retention enema, or colonoscopy, after the indigenous 
flora was mechanically eliminated by whole bowel irrigation.

The current most common indication for this unusual intervention is recur-
rent or refractory infection by Clostridum difficile, however, the procedure could 
well mimic in obese patients the beneficial effects observed in laboratory animals. 
Removal of energy-harvesting, inflammation-triggering germs and replacement by 
benign strains is a tempting hypothesis. This is still not routine yet anywhere and 
requires careful planning. The gut may harbor highly pathogenic bacteria, fungi, 
parasites, and viruses, including human immunodeficiency (HIV) and hepatitis A, 
B, C, and D viruses. Donor selection and detailed laboratory tests are mandatory. 
Nevertheless, this could be an adjuvant maneuver for well-selected candidates, if 
somewhat scatologic, perhaps in association with probiotics (Weissman and Coyle 
2012; Mattila et al. 2012; Borody and Khoruts 2011).

13.9 � The Super Obese Bariatric Patient

Some groups advocate that patients with BMI > 50 kg/m2 be classified as super 
obese, and those >60 kg/m2 as super super obese. Most prefer to call super obese 
anybody with BMI > 50 kg/m2.

These patients tend to become rare in countries and regions where bariatric sur-
gery is well established and widely available, as candidates seek treatment earlier, 
not waiting till their weight gets to extremes. Nevertheless, in any service occa-
sional subjects with 180, 200 kg, or more will appear from time to time, and pre-
sent bigger challenges.

13.9.1 � Surgical Morbidity and Mortality

It is already accepted that super obese patients suffer substantially higher surgi-
cal morbidity and mortality. In Hospital das Clinicas, Sao Paulo, a special ward 
in a long-term facility was created for such cases. They are admitted for up to 
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2–3 months and submitted to a low-calorie diet and specialized clinical supervi-
sion, till part of their excess body weight is eliminated and comorbidities such as 
arterial hypertension, heart insufficiency, respiratory troubles, and diabetes are 
well compensated. Only afterwards are they transferred to the main hospital for 
surgical intervention.

As alluded to, some of the endoluminal devices available in the market are 
partly geared toward such population. The advantage would be adequate preopera-
tive compensation at home, avoiding costly and prolonged hospitalization.

13.9.2 � Lower Limb Abnormalities

in a study of our group with bariatric candidates, stratified as morbidly obese 
(BMI 40–50  kg/m2) and super obese (BMI  >  50  kg/m2), knee and foot radio-
logic assessment, baropodometric footprint measurement, and the question-
naires western ontario osteoarthritis index/womac and foot and ankle outcome 
score/faos were employed. The main outcome measures were imaging diagnosis 
of knee osteoarthritis and flatfoot, along with functional impact on activities of 
daily living estimated by the questionnaires knee osteoarthritis which was com-
mon (74.1  %), and the entire cohort suffered from flatfoot according to both 
footprint index and talar-first metatarsal radiographic angle, without difference 
between morbid obesity and super obesity. However, WOMAC and FAOS scores 
were markedly worse in the super obese, affecting joint pain, stiffness,and general 
mobility. Although amelioration is probable with weight loss, long-term orthope-
dic assistance might be essential for this extremely obese population.

13.10 � The Obese and Postobese Worker

As often alluded to, obesity is a major deterrent for success in the workplace. 
Getting a job is more difficult, career advancement occurs after longer intervals 
or not at all, average salaries are lower, and general satisfaction suffers within this 
context.

Companies defend themselves with the excuse that obese employees cost more, 
perform less, are more often diseased and disabled, exhibit limited fitness for chal-
lenging jobs or frequent travel, and their general productivity is more disappoint-
ing. A few of these complaints have been scientifically documented, although a 
degree of prejudice cannot be entirely ruled out. Total medical costs tend to me 
more elevated as well (Table 13.6).

Bariatric weight loss should be an antidote against all those troubles, however, 
there are reasons to suspect that they may linger for many years, in a substantial 
proportion of operated subjects.
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13.11 � Health Care Resources

Within the bariatric context, Hayashi et al. investigated use of hospital resources 
after antiobesity surgery, during one year before operation in comparison with four 
years afterwards. Two separate control populations were selected, namely obese 
persons who did not undergo surgical treatment, as well as lean surgical patients 
who were submitted to colectomy because of colorectal cancer.

RYGB patients needed 45.8 % less outpatient visits and 53.0 % less laboratory 
tests than nonoperated moderately obese cases, even including aesthetic opera-
tions. Results were comparable to those observed after elective colorectal surgery 
and remained fairly stable during 4  years. No change in requirements for emer-
gency or elective hospitalization were documented in the series, confirming that 
even after weight loss, these patients may still need more health care attention than 
the general population (Hayashi et al. 2011).

The cost/benefit and the risk/benefit ratio of bariatric surgery is unclear in 
certain patient populations, such as patients with lower body mass index (BMI, 
30–35  kg/m2), the high-risk super–super obese patients (BMI  >  60  kg/m2), the 
morbidly obese adolescent, and obese patients requiring weight reduction in prep-
aration for other procedures, such as orthopedic, transplant, or vascular surgeries. 
In these circumstances, there might be a need for an effective but less complex 
treatment to bridge the gap between medical and surgical therapy.

13.12 � Final Considerations

The recent discovery or near-discovery of the Higgs boson, a subatomic particle 
deemed to be responsible for the mass of all atoms, and therefore of all living and 
inanimate matter, did not escape the eye of neurologists, metabologists, and reha-
bilitation professionals.

Many well-humored scientists suggested the building of portable Great Hadron 
Colliders to smash body fat, until people emerged entirely lean. Anti-Higgs parti-
cles were suggested to take all mass away from obese people, Higgs boson diets 

Table 13.6   Risks and handicaps of obese employees (Goetzel et al. 2010)

Variable Remarks Impact

Presenteism Working despite sickness Not measured however 
significant

Absenteeism Missing working days 4.3 billion USD/year (USA)
Doctor visits Office appointments 20 % higher
Emergency visits Hospital Emergency Room 26 % increased
Excess medical costs (*) Increased resource use 121 USD/worker/year
Productivity losses Presenteism, absenteeism 524 USD/worker/year

(*) Only office and emergency visits; does not include drug costs, other health care needs
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have been proposed with weightless foods, and a Higgs McBoson sandwich was 
anticipated.

Jokes are a very primitive and unscientific tool, nevertheless, they represent a 
lighter and sometimes necessary approach to sad and depressing events such as 
the obesity epidemic. Major antiobesity public health policies have been adopted 
in several countries, however, a recent investigation in the USA encountered few 
reasons to rejoice, at least up to now (Trivedi et al. 2012).

It is no secret that physical conditioning and nutritional education programs, 
taxation of high-calorie (“junk”) food, and other large-scale interventions have 
been advocated almost worldwide during the past decade (Table 13.7).

In the USA more than 20 states provided funding for walking and bicycle trails, 
23 states underwent Centers for Disease Control-sponsored initiatives to pre-
vent health-risk behavior including sedentarism, legislation concerning antiobes-
ity physical activity has been enacted in 28 states, and 48 states have standards 
for physical education. There is a dearth of official recommendations addressing 
school cafeterias and vending machines either. All these efforts notwithstanding, 
no correlation between such programs and obesity prevalence has been demon-
strated. On the contrary, mean body weight continues to grow in the population 
(Trivedi et al. 2012).

“Light” and “zero” soda drinks are another sad example. Although commercial-
ized and indeed popular in many countries, no reduction in the prevalence of obe-
sity has been associated with their introduction. There is evidence that although 
similarly exciting taste buds, sugar and artificial sweeteners, are differently pro-
cessed at the brain reward centers, energy regulation is not benefitted and may 
even be impaired (Green and Murphy 2012).

This could be just a matter of time, and the next decade might reserve agree-
able surprises. Maybe not, because major cultural and social-economical shifts 
are involved. It is estimated that in just 10 years, between 1990 and 2000, Latin 
American supermarkets increased their participation in food sales from 15 to 
60 %, and this is not an isolated phenomenon, occurring at different rates all over 
the world. In traditional local markets most foods are natural, nonindustrialized 

Table 13.7   Public health initiatives to curtail the obesity epidemic

Policy Aims

Physical fitness Educate and train students from kindergarten till university
Bicycle trails, walking trails Stimulate use of bicycles instead of automobiles, fight 

sedentarism
Nutrition seminars Disseminate nutrition and fitness knowledge among students and 

teachers
Special food taxes Limit consumption of sugared beverages, snacks, ice-cream, 

chocolate, and other high-calorie-density foods
School cafeteria Removal of “junk” food, incentives for fruit and vegetables
Vending machines Restrictions for non-nutritious foods
Weight-loss campaigns Competitions in the workplace for 100 kg, 500 kg, or one ton 

collective weight shedding
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produce, whereas in supermarket ready-to-use, frozen, canned, and otherwise 
processed products abound. These last dietary sources tend to be more caloric 
because fat is generously used, more tasty on account of added sugar, salt, spices, 
and other additives, and devoid of fibers, thus obesity inducing.

As women have access to better education and jobs, they will not toil in the 
kitchen all day as their grandmothers did, preferring for their families foods that 
are easy to prepare, are delivered to the door, or else opt for eating out. By the 
same token obese adults who are used since early childhood to delicious and 
energy-rich snacks and fast food available around the clock, will not easily adapt 
to comparatively unattractive and unsatisfying whole grains and fresh vegetables 
even if they become ubiquitous, and also beautifully packaged and advertised, 
which is hardly the case.

The new generations will have to be educated within the constraints of these 
new realities, learning that coping with obesity is a heavy burden and lifetime 
endeavor, perhaps requiring as aggressive legislation as for alcohol, tobacco, 
drugs, and other addictions. Success is distant in the horizon, therefore it is 
up to the health care profession to continue devising creative strategies and 
treatments, and to improve existing ones. In the Middle Ages people tended 
to think Plague, in the 1800s Tuberculosis, in the early 1900s Syphilis, and in 
more recent times HIV/AIDS. Currently, Obesity deserves a similar priority in 
everyone′s mindset.
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Abstract  Sustained and lifelong weight loss for severely obese people is not anymore 
an impossible dream, and a Swedish article suggests, half jokingly, that this is the new 
fairy tale of the ugly duckling (Olbers, Lakartidningen 108:2570–2573, 2011). The 
example is appropriate because for health care professionals, resolution of obesity 
means reversal of diabetes, hyperlipidemia, and other cardiovascular risk factors. For 
the majority of the patients all these results are secondary. Priority is getting beautiful 
and achieving a rich and fulfilling emotional life. That is the reason why plastic inter-
ventions are the most frequent new operations after bariatric treatment, and as many 
as 85 % of this population desire subsequent body contouring maneuvers (Gusenoff 
et al., Plast Reconstr Surg 122:951–958, 2008; Highton et al. J Plast Reconstr Aesthet 
Surg 65:426–432, 2012). Fortunately this specialty has responded to the challenge, 
and both old and new techniques are being successfully adapted to the specificities of 
the patients who shed much weight and suffer from lax and redundant skinfolds and 
widespread lipodystrophy. Principal procedures such as abdominoplasty, mamma-
plasty, thigh lift, brachioplasty and others are described, emphasizing the experience 
of the Hospital das Clinicas Service during more than 15 years.

14.1 � General Definitions

Body contouring procedures. Any operation aiming at a more shapely body profile 
or silhouette. Most plastic surgeries for weight loss after bariatric therapy are con-
touring operations (abdominoplasties, brachioplasties, mammaplasties). Face lifts 
and other localized interventions are not usually considered body contouring.
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Circumferential abdominoplasty. See Lower body lift.
Implant. The same as prosthesis. A foreign body (usually made of silicone) 

introduced to replace or expand missing or insufficient tissue, especially in the 
female breast.

Lift. The most ubiquitous problem after massive weight loss is sagging skin 
with collapse of the dermal architectural scaffold. Operations aim not only at 
removing excess tissue but also at lifting the pendulous anatomical segments (face, 
arm, thigh, breast). Pexy (mastopexy) has a rather similar connotation, namely 
suspension of low-lying structures, although conventionally using the patient’s 
own tissues, without implants.

Lipodystrophy. Aberrant or exaggerated distribution of subcutaneous fat, creat-
ing an unalluring and dislikable morphology.

Liposuction. Any minimally invasive intervention that removes subcutaneous 
adiposity. May utilize syringes, mechanical suction cannulas, laser-assisted, radio-
frequency-assisted, or ultrasound-assisted techniques.

Lower body lift. The same as circumferential abdominoplasty. A large operation 
in which a variable segment of tissue following the entire waistline is removed, 
eliminating redundancies and circumferentially raising the lax tissues of the lower 
half of the body.

Pannus. A large fold of dermis (skin and subcutaneous tissue) that appears in 
any body segment, causing aesthetic and functional impairment. May be part of 
generalized lipodystrophy.

Panniculitis. Inflammation or infection of the pannus.
Plasty. This is a nonspecific surgical expression. Any intervention on the thigh, 

abdomen, breast, or arm, aiming at thinning, reshaping, debulking, or suspending 
local dermis including or not myoaponeurotic tissues, may get the suffix plasty.

Rhytidectomy. See Rhytidoplasty.
Rhytidoplasty. Correction of face wrinkles and skin surpluses, including face lift.
Upper body lift. Association of mastoplasty and brachioplasty.

14.2 � Historical Introduction

Beauty may be important to many creatures. Birds purposefully exhibit and ruf-
fle their multicolored feathers during the prenuptial flight, and predators often use 
their vivid colors to charm prey. Nevertheless, use of make-up, fancy clothing or 
jewels, and concepts such as self-image, self-esteem, pride because of harmonious 
physical proportions, and shame because of an unappealing figure are intrinsically 
human, or at least have never been well documented in animals.

Plastic surgery seems contemporary but its roots are very old. The Edwin Smith 
Egyptian papyrus of 5,000 years ago mentions nose amputations as a terrible aes-
thetical blemish consequent to trauma or punishment, and teaches how to han-
dle the injury with local dressings. Reconstruction was obviously primitive, with 
wooden splints and cloth. The same can be found in the writings of Hippocrates 
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(2,400  years ago); however, he attempted to reshape nasal bones in the case of 
fractures or deviation.

A major step forward is ascribed to Sushruta in India, actually one century 
before Hippocrates (2,500 years ago). This priest wrote an encyclopedia including 
information about how to pull and transfer skin grafts from the forehead and the 
cheek to reconstruct the nose, and devised surgical instruments to this aim. Flaps 
and grafts are obviously fundamental tools in most modalities of plastic surgery, 
including the bariatric context (Whitaker et al. 2007).

14.3 � Early Plastic Interventions in Obesity

The principles of Sushruta migrated and were expanded in Rome. In De Medicina, 
the principal medical text of that era written by Aulus Cornelius Celsus (25 BCE–
50 CE), ordinary and rotation flaps for variety of lesions were discussed. The 
Romans deserve mention because of another fact. Obesity became prominent for 
the first time in this empire, which reportedly enjoyed the most lavish and exuber-
ant lifestyle of Antiquity. Of course it was restricted to royalty and other privileged 
classes, because ordinary people enjoyed few luxuries, ate sparingly, and had a 
life expectancy of 25 years only. Pliny the Elder (Gaius Plinius Secundus, 23–79 
CE) wrote in his Naturalis Historia that the consul Lucius Apronius requested an 
abdominal operation for his son, because he was markedly obese and thus disabled 
for many activities. In the opinion of the consul such procedure might improve 
him both physically and psychologically, and thus enhance the ability to per-
form his professional and civic duties. Details of the intervention are not avail-
able, however, it was performed, probably dermolipectomy of the pendulous lower 
abdomen, and apparently successful. (Boriani et al. 2005). The Middle Ages saw 
relatively little progress, and indeed Pope Innocent III (1160–1216) explicitly pro-
hibited all surgical operations. Nevertheless, Gaspare Tagliacozzi (1545–1599), 
professor of anatomy at the University of Bologna, is credited with the creation of 
the first distant pedicled skin flap, convenient for various modalities of reconstruc-
tion. Moreover, he wrote the first compendium of plastic surgery, De Curtorum 
Chirurgia per Insitionem. His boldness and daring did not come cheap. He was 
excommunicated, and his corpse was removed from the church graveyard to be 
interred somewhere else.

14.4 � Obesity in the Last 100 Years

Two of the most famous and powerful heads of state in the beginning of the 
twentieth century, nominally President Howard Taft of the USA (1857–1930) 
and King Edward VII of Great Britain (1841–1920), were morbidly obese. Also, 
during World War I (1914–1918) it is reported that the German Imperial Army 
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distributed scores of corsets to male officers with prominent waistlines. Actually 
no female soldiers existed at that time. Affluent societies were progressively 
affording five meals a day, including the higher classes of Argentina where three 
of those meals included meat. Still, for ordinary people this luxury (or disgrace, 
depending on the perspective) only became widespread half a century or more 
later, in the 1970s and the 1980s. Such a trend was accompanied by a cultural 
shift regarding ideal body image, especially for women. Paradoxically to such 
indulgement in calories, females were expected to become more and more slim, 
as summarized by Wallis Simpson, the Duchess of Windsor (1896–1986): “You 
can never be too rich or too thin.” (Banja 2004). In Antiquity, as well as in the 
Renaissance and Post-Renaissance pictures of Titian, Rubens, and Rembrandt, 
full and exuberant feminine bodies were glorified. Not now, as female artists and 
notably models are required to exhibit such delicate profiles that they are remi-
niscent of anorexia nervosa. Of course many political, economical, and social 
circumstances underlay such changes. Motherly and fertile women with large 
families were being replaced by professional types with successful careers. Food 
and especially calories have never been so available and comparatively inexpen-
sive, by virtue of agricultural revolutions and industrialization of food production. 
At the same time, the Internet and other media now reach the most remote plan-
etary regions, disseminating the new patterns of universal beauty and elegance 
to virtually all nations and communities. In the face of so many powerful and 
conflicting influences, plastic surgery has become more and more necessary to 
reconciliate the extremes and to promote the metamorphosis that millions desire, 
from frog to prince or more specifically, from a fat, motherly figure to a sexy, 
young-looking lady.

14.5 � Body Dysmorphism of the Postbariatric Patient

It is not a coincidence that the most frequent plastic procedure in this context 
is abdominoplasty, or repair of the sagging, pendulous abdomen by a variety 
of operations. Although obesity is classically divided into two major pheno-
types, respectively, the pear morphology (feminine, with predominance of the 
buttocks) and the apple-shaped modality (male type, with a prominent abdo-
men), in both circumstances massive amounts of fat accumulate in the frontal 
half of the waistline. One should not overlook the fact that at the same time 
that body contouring improves body image, it may precipitate dissatisfaction 
with other anatomical regions. As patients become closer to their ideal this 
ideal may shift, thus justifying sequential procedures along the years (Modolin 
et al. 2003; Song et al. 2006; Cintra et al. 2008). As postoperative resorption 
of adiposity occurs, large and unaesthetical skinfolds appear everywhere, often 
interfering with dressing, washing, gait, posture, and personal hygiene; moreo-
ver, undergoing secondary erosion, intertriginous infection, or panniculitis due 
to friction, sweat, and bacterial accumulation. In patients suffering from severe 
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lipodystrophy, repercussions on body image tend to loom high as well (Song et 
al. 2006; Kenkel 2006).

Degree of weight loss primarily influences severity of subsequent aesthetic 
abnormalities, nevertheless, texture and elasticity of the skin is important as 
well. Young patients often enjoy seamless recovery in contrast to elderly ones, 
and males with their thicker skin also suffer less skin surplus than females. All 
these variables notwithstanding, an intrinsic abnormality in the collagen fiber 
network of the abdomen was demonstrated in our service in postbariatric cases 
(Orpheu et al. 2010).

14.6 � General Surgical Indications

Body perception is a highly personal construct, and a small amount of sagging 
skin may be considered a disgrace by some people, whereas others will display 
much more prominent aberrations without any visible discomfort. In spite of the 
subjective interpretations, an attempt to classify derangements and establish com-
mon surgical recommendations was recently published (Table  14.1). According 
to the authors (Iglesias et al. 2010), lack of objective parameters has led to many 
unnecessary interventions especially in public hospitals, with long waiting lines 
and a waste of insurance money and resources. In Hospital das Clinicas stand-
ard indications are not adopted, an individual evaluation being conducted by 
experienced professionals including a psychologist, followed by a case analysis. 
Emphasis is on functional rehabilitation, not exactly on achievement of physical 
beauty. Incidentally, these populations undergo as many as four or five different 
operations, and their total scars may be several meters long, a fact that is openly 
discussed with them and which will preclude picture-perfect bodies.

Table 14.1   Indications for body contour procedures after bariatric weight loss (modified from 
Iglesias et al. 2010)a

Body segment Not advised Optional Recommended

Abdomen Overhanging pannus 
above inguinal 
ligament

At the upper third of  
the thigh

Below the upper third

Arms, thighs Loose flap up to 50 % 
of limb diameter

50–100 % of diameter >100 %

Breast, lateral thorax Breast or pannus in  
the upper third of 
the reference lineb

In the middle third of 
that lineb

Beyond the middle 
thirdb

a In the original protocol, the patient's BMI should be added to all measurements, however, this 
detail was omitted
b The distance between the sixth rib (or the xiphoid process, which roughly corresponds to it) 
and the upper edge of the iliac crest is divided into three. Each third corresponds to a surgical 
category
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14.7 � Specific Surgical Criteria

Bariatric weight loss is a dynamic phenomenon with a prolonged course. 
Typically, the most massive changes occur in the first 12 months, and the curve 
tapers toward stability in the next 12 months, or a little more in the super obese. 
Later on weight may stay the same, move down, or occasionally be followed by 
partial obesity recurrence (See Chap. 11). Sudden shifts in body size and shape 
may ruin the results of plastic intervention, therefore 12  months of stable body 
weight is the standard requirement for such procedures. Moreover, this time cor-
responds to maximum skin retraction, allowing better planning of the necessary 
resections.

14.8 � Deflated and Nondeflated Patients

Depending on such variables as initial BMI, degree of weight loss and body fat 
distribution, dermal folds may exhibit a more deflated pattern, when adipose tis-
sue is nearly entirely degraded and just redundant skin remains, or conversely a 
still thickened profile with important accumulation of subdermal fat. If this last 
alternative is the case, operation needs to be more carefully considered or even 
postponed, because danger of major bleeding as well as of postoperative seroma is 
considerable (Shermak et al. 2006).

14.9 � Surgical Staging and Risks

Patients often list complaints in different anatomical regions, and would pre-
fer one-stage correction of all of them. Nevertheless, extreme makeovers are best 
suited for television programs. In real life meticulous and lengthy techniques may 
be required, implying prolonged surgical time and general anesthesia, along with 
increased technical and metabolic pitfalls. In such context, the most annoying trou-
bles are given priority, subsequent interventions being scheduled after full recovery.

Surgical complications are possible and should be clearly informed, such as 
venous thrombosis, pulmonary embolism, suture dehiscence or infection, and 
fluid collections (hematoma, lymphedema, seroma), some of them directly affect-
ing aesthetic results. All incisions are precisely demarcated, nonetheless scars may 
migrate, become asymmetric, or widen. Even if weight regain is avoided skin may 
again become lax in the ensuing years, and redundant folds are apt to recur after 
some time. Future revisions are indispensable if serious troubles occur.

Last but not least, plastic treatment is expensive and not usually covered by 
private health organizations. In Hospital das Clinicas, Sao Paulo, which is partly 
financed by the Brazilian Public Health Insurance System, such assistance is 

http://dx.doi.org/10.1007/978-3-642-35972-9_11
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delivered for free; however, this rule does not apply to all institutions. Aesthetic 
prostheses such as breast implants are rarely available because of high cost, and in 
any case prolonged waiting lines are the rule.

14.10 � Psychological Interview

Obesity is associated with profound effects on body image, self-esteem, and psy-
chosocial functioning. Plastic rehabilitation is part of the same mental process that 
leads patients to undergo bariatric therapy, namely restoration of everything that was 
lost, or presumably lost, on account of obesity. Unfortunately, many dreams that are 
simply beyond the reach or ability of the patients, be they familial, professional, or 
concerning social-economic status, are also common in the presence of excessive 
adiposity, and become part of the complaints and frustrations if not achieved after 
weight loss. Thus one should be prudent not to operate for the wrong reason, and not 
to engage in improbable and even dangerous commitments (Shermak et al. 2006; 
Kitzinger et al. 2012). Psychological evaluation is essential both to assess the impact 
of the deformity and lipodystrophy from the point of view of the patient, and to 
measure his or her desires and expectations regarding postoperative results (Kramer 
and Ward 2010). Anxious, manic, or depressive subjects, those with intolerance for 
less than full success, as well as persons who associate plastic maneuvers with spe-
cific personal goals such as getting a marriage, a new job, or a rewarding social life 
should be handled with attention, including possible contraindication of the opera-
tion. Expectations could materialize or not, and need to be explained to the candidate 
as a lucky bonus, not as a guaranteed outcome. Dramatic consequences including 
suicide have been reported in such circumstances, as obesity by itself is a risk factor 
for suicide, and surgical disappointment might trigger it (Heneghan et al. 2012).

14.11 � Quality of Life

Certain interventions promptly enhance quality of life, such as augmentation 
mastoplasty which immediately improves body sillhouette. Within weeks or 
months, the new shape is incorporated into body image. Circumferential abdomi-
noplasty or upper body lift is another operation that significantly impacts qual-
ity of life. The size of the incision and the multiple redundant tissues that are 
resected almost never fail to impress the patients, with repercussions concerning 
their quality of life.

Other interventions such as brachioplasty tend to be followed by more subtle 
responses, still most patients acknowledge the progress and report better quality 
of life as well. Especially, as regards body contouring techniques, many variables 
are involved: duration of obesity, degree of weight loss, extent of the operation, as 
well as emotional and interpersonal reactions (Cintra et al. 2008).
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14.12 � Anesthesia

Though many plastic interventions are office procedures conducted with local infil-
tration only, postbariatric interventions require general anesthesia. Operations are 
medium size or large, as a rule extensive undermining and resection is necessary. 
Duration can be quite long and not infrequently, position changes during the proce-
dure will be essential to reach the lateral or dorsal areas of the chest, abdomen, or 
limbs, a maneuver that would be awkward and might lead to contamination in the 
awake person. Tracheal intubation is not obligatory when the intravenous route is 
selected; however, monitoring of the airway should not be overlooked. Blood pres-
sure control is highly relevant, especially when the patient is moved from the prone 
to the supine position or vice versa, because postural hypotension may ensue.

14.13 � Perioperative Controls

Obese patients suffer from systemic inflammation along with a procoagulatory sta-
tus, as a result of expression of hormones, cytokines (adipokines), and other bio-
molecules originating from adipose tissue. Particularly active as a source of such 
mediators are fat-infiltrating lymphocytes of visceral fat; however, macrophages, 
adipocytes, and preadipocytes have also been incriminated in the production of 
chemotactic adipokines (Sell and Eckel 2010). By the time plastic corrections are 
conducted, a couple of years after the original bariatric intervention, most patients 
are not morbidly obese anymore, their body mass index being not much more than 
30 kg/m2, or even a little less. Such progress notwithstanding, anticoagulants are 
prescribed for 4 days, along with intermittent pneumatic compression of the lower 
limbs during the operation and immediate postoperative period, in order to inhibit 
the formation of venous clots and possible pulmonary embolism.

Body composition and water needs are difficult to estimate in the obese popula-
tion, underlying the concern about adequate fluid replenishment. In this sense, a 
catheter in the urinary bladder is introduced to monitor fluid output and prevent 
dehydration. During prolonged operations a thermal mattress may be recom-
mended, because of the danger of hypothermia.

14.14 � Common Surgical Procedures

The principal modalities requested by the patients are abdominoplasty, masto-
plasty, thigh lift, brachioplasty and rhytidoplasty (face lift, including management 
of periorbital wrinkles or crow’s feet). Abdominoplasty is usually the first inter-
vention, and as many as 90  % of the bariatric population demand such therapy, 
sooner or later in the postoperative period (Modolin et al. 2003; Cintra et al. 2008; 
Kitzinger et al. 2012).
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14.15 � Abdominoplasty Techniques

Multiple approaches are available for the reconstruction of the fallen abdomen and 
associated structures, depending on local anatomy as well as severity of local dys-
morphism. The most frequent are the transverse infraumbilical resection, the trans-
verse resection with a midline upper extension (anchor-shaped incision), along 
with the circumferential abdominoplasty (upper body lift) (Modolin et al. 2003). 
Figures 14.1, 14.2, 14.3, 14.4, 14.5, and 14.6 illustrate representative procedures.

In all of these contexts, fusiform segments of redundant skin and subcutane-
ous tissue are resected, in accordance with preoperative demarcation. Though not 
routinely employed, liposuction and myoaponeurotic layer plicature may also be 
appropriate in some circumstances, in order to diminish the waistline, improve 
lipodystrophy and shrink the lower abdomen. Navel detachment and reimplan-
tation at the anatomical level is another detail that enhances abdominal wall 
reconstruction.

Fig. 14.1   Circumferential 
abdominoplasty with anchor-
shaped extension
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14.16 � Mastoplasty

The cosmetic importance of the female breast in Western society can hardly be 
overestimated, and bariatric surgery may have deleterious effects on the profile of 
this gland. Interventions usually target size (augmentation mastoplasty), position 
(correction of breast ptosis), and shape. In the postbariatric patient, this usually 
entails removal of skin excesses and remodeling of the remaining parenchyma. 
Breast prosthesis is the choice if mammary tissue is scarce, otherwise mastopexy 
is done, employing in the reconstruction the patient’s own gland and dermal tissue 
(Rubin et al. 2009).

Most commonly, an inverted “T” shaped incision is practiced (Fig.  14.7 and 
Fig. 14.8). Men may also require cosmetic treatment of the breast, which is called 
adenomastectomy or correction of gynecomastia. Both dermal surplus and breast 
parenchyma may be removed, depending on the local anatomy (Stevens et al. 
2007).

Thigh interventions aim at thinning, debulking, and suspending the proximal 
lower limbs, notably removing unsightly folds and redundancies. The internal face 
of the thigh is particularly addressed, and combined liposuction is often necessary. 

Fig. 14.2   Dorsal half of the 
abdominoplasty—Surgical 
demarcation (2 E)
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Three incisions can be considered: the transversal one, coinciding with the ingui-
nal fold, the “T” shaped modality, when a vertical extension downward is associ-
ated, and the “S” procedure, when a sickle-shaped flap of the dermal excess in 
the internal face of the thigh is removed, leaving an “S”-like scar (Labardi et al. 
2012). (Figs.14.9, 14.10, and 14.11).

The preference for all incisions is the medial face of the thigh, because scars 
will be least visible in this area. The length of the scar depends on the severity of 
thigh ptosis, occasionally extending from the inguinal fold till the knee.

14.17 � Brachioplasty

General principles are rather analogous to those of the thigh. All incisions are 
directed toward the medial aspect of the arm where they become least prominent, 
and a fuse of dermis is removed accompanied or not by complementary liposuction.

A vertical incision is mostly practiced, starting at the anterior axillary line and 
proceeding downward, eventually till the elbow (medial epicondyle). The length 
of resection and amount of tissue removal are obviously dictated by the severity 

Fig. 14.3   Circumferential 
abdominoplasty—
Postoperative result 
(abdomen) (2 F)
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of brachial ptosis. Attention during closure of this procedure should be given to 
the formation of small skin redundancies (“dog ears”) near the axilla. In order to 
correct such aberration a secondary horizontal fuse of skin is removed, coinciding 
with the anterior axillary line. In this sense, the final incision is actually converted 
into a “T”, with very acceptable cosmetic outcome (Figs. 14.12 and 14.13) (Aly 
et al. 2006; Modolin et al. 2011).

The association of brachioplasty and mastoplasty has been called upper body lift.

14.18 � Rhytidoplasty (Face Lift)

The face is the greeting card, the primary identifier of the person. It is also a win-
dow to the inner self, widely believed to convey personality traits and even gen-
eral health status (Kramer and Ward 2010). An ugly, wrinkled, or unappealing 
likeness may elicit negative affective reactions or even outright rejection, which 
are deleterious to self-image and self-esteem. Whether bariatric operations are 
followed by unique face changes or not, they commonly accelerate facial ptosis 
with aged, tired, and even sickly features. Characteristic findings are loss of the 

Fig. 14.4   Circumferential 
abdominoplasty—
Postoperative result 
(anterolateral view) (2 G)
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cervicomental angle, reduction of platysmal tone, and jowling of the face and 
neck. Descent of the cheeks and deepening of the nasogenian sulcus also tend 
to be prominent. Rejuvenation and general lifting of lax soft tissues is therefore 

Fig. 14.6   Cannulas for 
complementary liposuction

Fig. 14.5   Circumferential 
abdominoplasty—
Postoperative result (dorsal 
view) (2 H)
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Fig. 14.9   Severe 
dysmorphism of the thigh, 
with especially large medial 
skinfolds

Fig. 14.8   Augmentation 
mastopexy (mastopexy with 
the inverted "T" incision 
associated with a prosthesis 
inclusion

Fig. 14.7   Collapsed 
mammary glands in a 
bariatric patient. (Cintra 
breast 1)



CORRECTED P
ROOF

26314  Aesthetic Rehabilitation After Bariatric Surgery

Fig. 14.10    In this dorsal 
postoperative view, an 
S-shaped flap was removed 
and the anatomy was 
reconstructed

Fig. 14.11   Same patient, 
postoperative result, anterior 
view

Fig. 14.12   Typical “bat 
wing” deformity of the arms, 
with demarcation of surgical 
incisions
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an important challenge in such circumstances. Rhytidectomy (face lift) generally 
addresses removal of wrinkles, platysmal plication with or without resection of 
redundant superficial musculoaponeurotic tissues, elimination of skin excesses, 
and volumetric repositioning of the facial structures. Whenever the jawline is lost 

Fig. 14.14   A diminished 
cervicomental angle and 
descent of the cheeks 
conducting to a moderate 
degree of turkey neck, can be 
appreciated

Fig. 14.13   After double-
fuse dermolipectomy, arm 
anatomy is restored
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generating continuity between the chin and the neck, or is partially blunted by 
jowling (turkey neck), the cervicomental angle requires reconstruction (Sclafani 
2005). The illustrations display a comparatively mild case of diminished cer-
vicomental angle and jowling, with postoperative improvement of these traits 
(Figs. 14.14, 14.15).

14.19 � Synthesis

A diminished body mass index and waist circumference, a more favorable cardio-
vascular risk score, and a relief for major comorbidities are absolutely valuable 
targets in bariatric treatment. Such achievements may properly be classified as a 
huge success. However, not necessarily for the patient, who may seek different 
priorities.

A brand new, masterly sculpted body or at least a markedly rejuvenated look could 
be the primary desire, and the medical team should carefully listen to the patient and 
exchange views and perspectives before undertaking any procedure. Bariatric inter-
vention is not necessarily beauty-enhancing, and depending on the degree of weight 

Fig. 14.15   The 
cervicomental angle 
was restored, lax 
musculoaponeurotic tissues 
were lifted, and a more 
attractive and younger-
looking face was achieved
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loss, the intrinsic properties of skin and subdermal tissues, as well as the age, gender, 
ethnic origin, and degree of sedentarism, quite the opposite might result.

Plastic surgery is effective in many contexts and should be considered an inte-
gral component of the rehabilitation process. Once again, although aesthetic and 
functional gains almost always occur, ideal outcomes are not assured. Results need 
to be openly discussed before surgery, confronting the patient’s expectations with 
the realities of operative techniques, including the possibility of complications and 
additional interventions. Specialized teams are highly recommended. Even though 
most of the operations are mere adaptations of standard, well-tested procedures, thus 
familiar to most professionals in the area, only a plastic surgeon with experience in 
the bariatric context will be able to predict the probable cosmetic result, to define 
the individualizations that many outcomes will depend on, and to establish the best 
timetable for plastic interventions, according to the deflated or nondeflated status.

There is nothing wrong with the desire of an alluring silhouette, and if 
achieved, such outcome unquestionably boosts self-confidence and quality of life; 
however, unrealistic dreams should be formally dispelled by objective and factual 
preoperative information. Meticulous attention to details will maximize results and 
inhibit failures during the handling of the patient’s skin, which happens to be not 
only an outer envelope but also an important interface with the world.
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Abstract  Most clinicians and patients consider obesity just as a problem of 
energy balance: more energy input than expenditure. However, the epidemiologi-
cal data and the clinical practice clearly show that obesity is more complex than 
described by this simple equation. In particular, the chapter underlined the possi-
ble role of negative body image in the etiology of this disturbance. Specifically, we 
suggested that unhealthful weight-control behaviors, that induce significant weight 
gain over time, may be driven by an allocentric negative body image that is no 
more updated by contrasting egocentric representations driven by perception (allo-
centric lock). In other words, subjects are locked to an allocentric negative repre-
sentation of their body that their sensory inputs are no more able to update even 
after the dramatic body changes following a successful diet or bariatric surgery. In 
the chapter, we also discussed the possible role of virtual reality (VR) in address-
ing this problem within an integrated treatment approach. Specifically, we sug-
gested that adding a 10-session experiential protocol based on the free NeuroVR 
(http://www.neurovr.org) virtual reality software to the classical treatment of 
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obesity may improve its long-term outcome. The characteristics of the pro-
tocol and the outcome of two controlled clinical trials used to test it (VEPSY 
UPDATED - ISRCTN59019572, and AVATOB-NCT01394393) are detailed and 
discussed.

15.1 � Introduction

Weight-related disorders are becoming a critical problem in both Western and 
developing countries. During the past 20 years, there has been a dramatic increase 
in both obesity and eating disorders in most countries and rates remain high. 
Unfortunately, the treatment of weight-related disorders is not easy: the typical 
treatment includes a combination of diet, exercise, cognitive and/or behavior mod-
ification, and the final choice depends on the overall health condition, level of dis-
orders, and willingness to address the problem.

The raising prevalence of weight-related disorders is pushing eating disor-
der and obesity researchers to start a collaboration between the fields to address 
them. In particular, their effort is focused on the identification of risk factors that 
are shared between these weight-related disorders (Haines and Neumark-Sztainer 
2006): apparently, unhealthful weight-control behaviors—such as fasting (going 
without eating for 24 h for weight control), vomiting, or laxative abuse—are the 
common antecedents of both obesity and eating disorders (Haines and Neumark-
Sztainer 2006; Neumark-Sztainer et al. 2006; Neumark-Sztainer 2009; Johnston 
2004; Stice et al. 2005, 2008). For example, Neumark-Sztainer and colleagues 
(Neumark-Sztainer et al. 2006) discussed the results of the Project EAT II (Eating 
Among Teens), a longitudinal study involving 2,516 ethnically and socioeconom-
ically diverse adolescents. They report that, 5  years later, the use of unhealthful 
weight-control behaviors increased six times the risk for binge eating with loss of 
control, three times the risk for being overweight, and two to five times the risk 
for extreme weight-control behaviors such as the use of diet pills and self-induced 
vomiting. A similar result was found by Stice and colleagues (2008): in a different 
longitudinal study fasting was the best predictor for the future onset, 5 years later, 
of binge eating and bulimia nervosa.

It is well-known from epidemiological studies that childhood obesity has dif-
ferent ethnic, socioeconomic (compared with affluent white children, the poor 
Hispanic, white, and black children have 2.7, 1.9, and 3.2 times higher odds of 
obesity), and behavioral risk factors (Singh et al. 2008). Between the behavioral 
variables higher television viewing, and higher physical inactivity levels were all 
independently associated with higher obesity prevalence.

However, in a 4-year longitudinal study on 496 adolescent girls, Stice and col-
leagues (2005) studied the psychological and behavioral risk factors able to predict 
the onset of obesity in adolescent girls. Their data show that participants who were 
on a weight-loss diet, or who used maladaptive compensatory behaviors for weight 
control at T1 of the study showed, 4 years later, an increased risk for obesity 
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onset. A more recent 10-year longitudinal study confirmed this datum (Neumark-
Sztainer et al. 2012). As stated by the authors:

Findings clearly indicate that dieting and unhealthy weight control behaviors, as reported 
by adolescents, predict significant weight gain over time (p. 80).

These data have an important clinical implication: the evidence that youths 
practicing unhealthful weight-control behaviors are at higher risk for obesity 
implies that prevention and treatment interventions should also focus on the causes 
of these behaviors. In other words, why do adolescents decide to start such radical 
weight-control behaviors? In a recent letter to the Yahoo Answer site an adolescent 
girl wrote:

I hate my body so much. My top half (arms, stomach) is fine. I have a very flat stomach, 
my arms are great (my back is even bony looking) I wear a XS, S in shirts. but my lower 
half (butt, thighs) are huge, seriously I mean how can I loose weight there? (online: http://
answers.yahoo.com/question/index?qid=20120504232627AAPkxrl).

The words of the girl clearly explain her behavior: she wants going on diet 
because she does not like her body (Riva et al. 2000c). A study by Kostanski 
and Gullone (1999) with a sample of 431 Australian pre-adolescent children 
(7–10 years) confirms this interpretation: pre-adolescents as young as 7 years of 
age are unsatisfied with their body appearance and deliberately engage in restric-
tive eating behaviors. More, a recent study (Friend et al. 2012) showed that in 
adolescents frequent self-weighing is associated with lower body satisfaction and 
higher rates of unhealthy and extreme weight-control behaviors.

This is even true for morbid obesity, a chronic condition that is hard to treat 
with diet, exercise, and psychological treatment alone. For this reason, in contrast 
to the nonsurgical treatment of obesity, bariatric surgery is becoming the treatment 
of choice for morbid obesity (van Hout and van Heck 2009).

Nevertheless, all roses have thorns, and this is true for bariatric surgery, too. 
In fact, this approach does not lead to equal results in every patient (van Hout et 
al. 2003): the long-term efficacy is strongly influenced by compliance to adequate 
dietary rules in which psychosocial factors and behavioral changes can play a 
major role.

In particular, a critical problem is the expected outcome of the treatment. As 
underlined by Kaly and colleagues (2008) there is a significant difference between 
the weight loss clinicians consider successful following bariatric surgery and the 
weight loss potential patients expect to achieve. As a general guideline, bariat-
ric surgery is considered successful when 50 % of excess weight is lost and the 
weight loss is sustained up to 5 years. However, most obese patients have differ-
ent expectations: in the previous study, patients declared to be “happy” after a  
77 ± 9  % excess body weight loss and considered “acceptable” a 67 ± 10  % 
excess body weight loss. A 49  ± 14 % excess body weight loss, the gold standard 
for clinicians, was considered “disappointing”.

The situation does not always change after the treatment: a problem affect-
ing some patients is body image dissatisfaction (Pecori et al. 2007; Adami et al. 
1999; Morrow et al. 2008): patients with 200 pounds overweight still have body 

http://answers.yahoo.com/question/index?qid=20120504232627AAPkxrl
http://answers.yahoo.com/question/index?qid=20120504232627AAPkxrl
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disparagement after losing 100 pounds. For example, in a recent post in a blog, 
some months after bariatric surgery Stella writes:

I feel like I have somewhat of a “dysmorphic” view of my body I don’t really see myself 
as a size 4 or a size 2 (only if they run big since I gained a few lbs) I still see myself as fat 
and the damn skin on my arms does not help the matters. I have such a hard time finding 
shirts cause of it and I can almost never find a dress cause I don’t want my arm cheese 
to show. I want to be normal, is this normal??? (online: http://www.shrinkingstella.com/).

The words of the woman clearly explain her situation: the weight loss was 
unable to modify her negative experience of the body. This expectation was linked 
to the common belief that the best way to improve one’s body image is to lose 
weight. However, recent studies have questioned this belief: dietary intervention, 
even if accompanied by significant weight loss, may be ineffective in reducing total 
body dissatisfaction (Rosen et al. 1995; Rosen 1996a). And unfortunately body dis-
paragement has a negative effect on long-term follow-up of obesity, even the one 
treated using bariatric surgery: uncontrolled eating and grazing after surgery are 
associated with poorer and elevated psychological distress (Colles et al. 2008).

Given the importance of body image satisfaction for the quality of life of 
obese persons, these findings argue for the potential benefits of treatment strat-
egies for improving appearance satisfaction for obese individuals, to improve 
the success of their weight-management efforts (Thompson et al. 1999). 
Unfortunately, obesity researchers have not yet systematically added body image 
interventions in their programs. Almost 20 years ago in a review on the behavio-
ral obesity treatment literature, Rosen (1996b) did not find any study including 
psychological techniques specifically designed to modify body image. But today, 
the situation is not radically different. In their new cognitive behavioral approach 
to the treatment of obesity (Cooper et al. 2010) Cooper and Fairburn address the 
experience of the body only as potential obstacle to the acceptance of weight 
maintenance (Cooper et al. 2003) and not as a one of the possible causes of the 
disorder. Unfortunately, the results of the proposed approach are similar to the 
old one (Cooper et al. 2010):

Both of the main treatments resulted in an average weight loss of about ten percent of 
initial weight… The participants were subsequently followed-up for three years post-
treatment. The great majority regained almost all the weight that they had lost with the 
new treatment being no better than the behavioural treatment in preventing weight regain  
(p. 706).

We do not agree with this vision (Riva et al. 2006). Following the emerging 
“embodied cognition” approach (Bermúdez et al. 1995; Clark 1997; Clancey 
1997; Gallagher 2003) we consider body image as an integral part of the subjects’ 
identity. As noted by Gallagher (1995) the body experience is not neutral but it 
places constraints on intentional consciousness:

changes or distortion introduced at the level of body schema result in changes or distor-
tions in intentional consciousness (p. 239).

In particular in this chapter we will introduce and discuss the “allocen-
tric lock theory” (Riva 2007, 2012; Riva et al. 2012b; Riva and Gaudio 2012). 

http://www.shrinkingstella.com/
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Specifically, we will suggest that an allocentric negative body image that is no 
more updated by contrasting egocentric representations driven by perception 
is the common antecedent of both obesity and eating disorders (Riva 2011). In 
other words, these patients are locked to an allocentric (observer view) negative 
representation of their body that their sensory inputs are no more able to update 
even after dramatic body changes, including the one following either a diet or 
bariatric surgery. Moreover, we will discuss the possible role of virtual reality 
(VR) in addressing it. Specifically, we suggest that adding a 10-session experien-
tial protocol based on virtual reality to the treatment of obesity may improve its 
long-term outcome.

15.2 � Unlocking the Allocentric Lock

15.2.1 � The Allocentric Lock Theory

Psychology and neuroscience indicate that our spatial experience, including 
the experience of the body, involves the integration of different sensory inputs 
within two different reference frames: egocentric and allocentric (Klatzky 1998;  
Mou et al. 2004):

•	 Egocentric frame: it is referred to the body of the observer and allows him/
her to locate objects relative to the body center. When we adopt an egocentric 
stance we represent the object relative to ourselves.

•	 Allocentric frame: it is referred to space external to the perceiver. When we 
adopt an allocentric stance the object is represented independently of our own 
current relation with it.

As suggested by Byrne and Becker (2007), the transformation from egocen-
tric to allocentric representations of space is done by neurons in different medial 
temporal lobe structures. If, for some reasons, this transformation is impaired, the 
subjects cannot use anymore the sensory inputs to update the contents of the allo-
centric representation of their body. This is what may be behind the body dissatis-
faction experienced by many obese patients even after a significant weight loss: an 
altered somato representation—that is not updated by contrasting egocentric pari-
etal representations driven by perception—priming the processing of any further 
body-related experience (Riva 2011). In simpler words, the egocentric perception-
driven experience of the real body does not modify the allocentric memory-driven 
experience of a negative body: these patients are locked to an allocentric negative 
representation of their body (Riva 2010). However, the impossibility of using sen-
sory inputs for updating the allocentric representation of the body—patients hate 
their body even after the surgery or significant weight loss—locks the patients 
into an unsatisfying body that may explain their depression and low quality of life 
(Omalu et al. 2007; Masheb et al. 2007).
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15.2.2 � Unlocking the Virtual Body Using Virtual Reality

The evolution of technology is providing new tools and methods for health care 
(Riva et al. 2004b). Between them, an emerging trend is the use of virtual real-
ity (VR) (Satava and Jones 2002; Riva and Gamberini 2000; Riva and Gaggioli 
2008).

VR consists of a three-dimensional (3D) graphical environment where a user 
can interface with the environment through a variety of computer peripheral 
devices. Using visual, aural, or haptic devices, the user can experience the environ-
ment as if it were a part of the real world (Riva and Davide 2001).

In surgery, for instance, VR is used in simulation training (Fried et al. 2010). 
In fact, VR allows the surgeon to interact efficiently with 3D computerized data-
bases of medical images in real-time using his natural senses and skills (Tanoue 
et al. 2010). In sum, for physicians, and surgeons, the ultimate goal of VR is the 
presentation of virtual objects to all of the human senses in a way identical to their 
natural counterpart (Székely and Satava 1999).

In clinical psychology, the ultimate goal is different. VR is used to offer a 
new human-computer interaction paradigm in which patients are no longer sim-
ply external observers of images on a computer screen but are active participants 
within a computer-generated 3D virtual world (Riva et al. 2002). Moreover, VR 
can be considered an “embodied technology” for its effects on body perceptions 
(Spagnolli and Gamberini 2005): it is possible the use of VR for inducing con-
trolled changes to the experience of the body (Riva et al. 2000a; Riva 1997; Slater 
et al. 2010; Lenggenhager et al. 2007).

On the one side, different authors showed that is possible to use VR both to 
induce illusory perceptions—e.g. a fake limb (Slater et al. 2009)—by altering the 
normal association between touch and its visual correlate. It is even possible to 
generate a body transfer illusion (Slater et al. 2010): Slater and colleagues substi-
tuted the experience of male subjects’ own bodies with a life-sized virtual human 
female body.

On the other side, it is also possible to use VR to improve body image (Riva 
1998a, b), even in patients with eating disorders (Riva et al. 1999,  2000b, 2003) 
or obesity (Riva et al. 2000a, 2006).

As noted by Gallagher (1995), “[different] studies indicate that changes in vari-
ous aspects of body schemata have an effect on the way subjects perceive their 
own body” (p. 237). Following this vision it is possible the use of VR to induce a 
controlled sensory rearrangement that facilitates an update of the locked allocen-
tric representation of the body.

A possible strategy toward this goal is the adaptation to virtual reality of the 
imagery rescripting method developed for the treatment of post-traumatic stress 
disorders (Smucker et al. 1995; Riva 2011). Specifically, Riva developed a specific 
body image rescripting protocol based on VR that is included as part of the experi-
ential cognitive therapy (ECT) described below.
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15.2.2.1 � The Proposed Approach: The Experiential Cognitive Therapy

Developed by Giuseppe Riva and his group (Riva et al. 1998, 2000a), ECT is a 
relatively short term (15-session in 6 weeks), patient-oriented approach that 
focuses on individual discovery (Riva et al. 2004a, 2006). As in the case of cogni-
tive behavioral therapy (CBT), ECT uses a combination of nutritional, cognitive, 
and behavioral procedures to help the patient identify and change the maintaining 
mechanisms in obesity and eating disorders. However, ECT differs from the typi-
cal CBT approach in the use of VR, in its focus on empowerment and in its focus 
on the negative emotions related to the body:

•	 Its focus on the body experience. A major reason patients want to lose weight 
(Rosen 1996b). The experience of the body is not addressed only as potential 
obstacle to the acceptance of weight maintenance (Cooper et al. 2003). As we 
underlined before, in line with the emerging “embodied cognition” approach 
(Bermúdez et al. 1995; Clark 1997; Clancey 1997; Gallagher 2003), we con-
sider body image as an integral part of the subjects’ identity.

•	 Its focus on the empowerment process. We consider a critical goal for the long-
term efficacy of bariatric surgery, the ability of the patient in defining a realistic 
target weight range, in monitoring eating behaviors and in managing the frustra-
tion related to weight fluctuations. However, we do not consider these abilities 
as behavioral skills only. Here we agree with the DiClemente position (1986) 
that describes them as part of a broader individual dimension, defined “control 
self-efficacy”: “an individual’s ability to control the addictive behavior in a vari-
ety of provocative situations” (p. 303). Bandura (1989, 1997) proposed the con-
cept of self-efficacy as an explanation of behavior and behavior change. People 
tend to avoid activities they believe exceed their coping abilities and undertake 
those they consider themselves capable of handling. Following this approach, 
the main strategy to raise self-efficacy is “empowerment”, the process of help-
ing people feel a sense of control over their lives. Within this process there are 
three critical dimensions to address: (Menon 1999)

–	 Perceived control. Includes beliefs about authority, decision-making skills, 
availability of resources, autonomy in the scheduling and performance of 
work, etc.;

–	 Perceived competence. Reflects role-mastery, which besides requiring the 
skillful accomplishment of one or more assigned tasks, also requires success-
ful coping with non-routine role-related situations;

–	 Goal internalization. This dimension captures the energizing property of a 
worthy cause or exciting vision.

•	 The use of virtual reality (VR). VR helps the therapist in providing the two 
above features of our approach: body experience treatment and empowerment. 
The use of a VR treatment makes it possible to induce a controlled sensory rear-
rangement (see Table  15.1) that facilitates an update of the locked allocentric 
representation of the body (Riva 1998a, c). Further, VR has the right features to 
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support empowerment, since it is a special, sheltered setting where patients can 
start to explore and act without feeling threatened (Botella et al. 1998).

ECT has been tested in different case studies and two controlled trials with 211 
obese patients (Riva et al. 2006) and 36 binge eating patients (Riva et al. 2003). The 
two controlled trials show that ECT provides better results in the follow-up than 
competing approaches, including both nutritional and cognitive behavioral therapy.

15.2.2.2 � The Protocol

The protocol (Riva 2011) includes five weekly group sessions aimed at improving 
motivation to change and assertiveness, and 10 biweekly virtual reality sessions.

The first VR session is used to assess any stimuli that could elicit abnormal eat-
ing behavior. Specifically, the attention is focused on the patient’s concerns about 
food, eating, shape, and weight. This assessment is normally part of the Temptation 
Exposure with Response Prevention protocol (Schlundt and Johnson 1990). At the end 
of the first VR session the therapist uses the miracle question, a typical approach used 
by the solution-focused brief therapy (deShazer 1985; McFarland 1995). According to 
this approach, the therapist asks the patient to imagine what life would be like with-
out her/his complaint. Answering this question in writing the patient constructs her/his 
own solution, which then guides the therapeutic process (deShazer 1988). According 
to de Shazer (1988) this approach is useful for helping patients establish goals that 
can be used to verify the results of the therapy. Using VR to experience the effects of 
the miracle, the patient is more likely not only to gain an awareness of her need to do 
something to create change but also to experience a greater sense of personal efficacy.

The next nine VR sessions are used to assess and modify:

•	 The expectations and emotions related to food and weight. This is done both 
by integrating different cognitive-behavioral methods: Countering, Alternative 
Interpretation, Label Shifting, Deactivating the Illness Belief (see Table 15.1).

•	 The strategies used to cope with difficult interpersonal and potential main-
tenance situations. This is done both by using the Temptation Exposure with 
Response Prevention (Schlundt and Johnson 1990; Riva 1998c)—and by work-
ing on these three empowering dimensions (Menon 1999): perceived control, 
perceived competence and goal internalization.

•	 The body experience of the subject. To do this the virtual environment inte-
grates the therapeutic methods used by Butter and Cash (1987) and Wooley 
and Wooley (1985), and the body image rescripting protocol based on the 
Allocentric Lock hypothesis (see Table 15.1) (Smucker et al. 1995).

15.2.2.3 � The Virtual Reality Experience

The VR sessions are based on the free NeuroVR software (http://www.neurovr.org). 
NeuroVR is an enhanced version of the original Virtual Reality for Body Image 

http://www.neurovr.org
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Modification (VEBIM) immersive virtual environment, previously used in different 
preliminary studies on non-clinical subjects (Riva 1997, 1998a).

NeuroVR is composed of 14 virtual environments, used by the therapist within 
a 60-minute session with the patient. The environments present critical situations 
related to the maintaining/relapse mechanisms (e.g., Home, Supermarket, Pub, 
Restaurant, Swimming Pool, Beach, and Gymnasium) and two body image com-
parison areas.

Using the NeuroVR Editor (see Fig. 15.1), the psychological stimuli/stressors 
appropriate for any given scenario can be chosen from a rich database of 2D and 
3D objects, and easily placed into the pre-designed virtual scenario by using an 
icon-based interface (no programming skills are required).

In addition to static objects, the NeuroVR Editor allows both to add audio object 
and to overlay on the 3D scene video composited with a transparent alpha channel.

The editing of the scene is performed in real time, and effects of changes can be 
checked from different views (frontal, lateral and top).

The edited scene is then visualized and experienced using the NeuroVR Player.
Through the VR experience, the patients practice both eating/emotional/rela-

tional management and general decision-making and problem-solving skills. By 
directly practicing these skills within the VR environment, the patient is helped in 
developing specific strategies for avoiding and/or coping with these.

Specifically, in the VR sessions the therapist uses the “20/20/20 rule”. During the 
first 20 min, the therapist focuses on getting a clear understanding of the patient’s 
current concerns, level of general functioning, and the experiences related to food. 
This part of the session tends to be characterized by patients doing most of the talk-
ing, although therapist guides with questions and reflection to get a sense of the 
patient’s current status. The second 20 min is devoted to the virtual reality expe-
rience. During this part of the session the patient enters the virtual environment 

Fig. 15.1   The NeuroVR Editor
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and faces a specific critical situation. Here, the patient is helped in developing spe-
cific strategies for avoiding and/or coping with it. In the final 20 min, the therapist 
explores the patient’s understanding of what happened in VR and the specific reac-
tions—emotional and behavioral—to the different situations experienced. If needed, 
some new strategies for coping with the VR situations are presented and discussed. 
The different techniques used in the VR sessions are detailed in Table 15.1.

Table 15.1   The VR body image rescripting protocol (Adapted from Riva 2011)

Phase 1: Interview During a clinical interview the patient is asked to relive the 
contents of the allocentric negative body image and the 
situation/s in which it was created and/or reinforced (e.g. 
being teased by my boyfriend at home) in as much detail 
as possible. The meaning of the experience for the patient 
was also elicited

Phase 2: Development of the  
VR scene

The clinician reproduces the setting of the identified situation 
(e.g. the corridor of the classroom where my boyfriend 
teased me) using one of the different scenes available in 
the free NeuroVR software (http://www.neurovr.org)

Phase 3: Egocentric Experience  
of the VR scene

The patient is asked to reexperience the event in VR from a 
first person perspective (the patient does not see his/her 
body in the scene) expressing and discussing his/her feel-
ings. The patient is then asked what was needed to happen 
change the feelings in a positive direction

The main cognitive techniques used in this phase, if needed, 
are: 
Countering: Once a list of distorted perceptions and 
cognitions is developed, the process of countering these 
thoughts and beliefs begins 
Label Shifting: The patient first tries to identify the kinds 
of negative words she uses to interpret situations in her 
life, such as bad, terrible, obese, inferior, and hateful. The 
situations in which these labels are used are then listed. 
The patient and therapist replace each emotional label 
with two or more descriptive words

Phase 4: Allocentric Experience  
of the VR scene

The patient is asked to reexperience the event in VR from a 
third person perspective (the patient sees his/her body in 
the scene) intervening both to calm and reassuring his/
her virtual avatar and to counter any negative evaluation. 
The therapist follows the Socratic approach, for example 
“What would need to happen for you to feel better? How 
does it look through the eyes of a third person? Is there 
anything you as a third person like to do? How do the 
other people respond?”

The main cognitive techniques used in this phase, if needed, 
are: 
Alternative Interpretation: The patient learns to stop and 
consider other interpretations of a situation before pro-
ceeding to the decision-making stage 
Deactivating the Illness Belief: The therapist first helps the 
client list her beliefs concerning weight and eating

http://www.neurovr.org
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15.3 � Conclusions

Most clinicians and patients consider obesity just as a problem of energy input and 
expenditure: more energy input than expenditure. However, the clinical practice 
and epidemiological data clearly show that obesity is more complex than expected 
by this simple equation. In particular, this chapter underlined the possible role of 
negative body image in the etiology of this disturbance.

Specifically, we suggested that body disparagement may be produced by an 
allocentric negative body image that is no more updated by contrasting egocen-
tric representations driven by perception. In other words, these subjects are locked 
to an allocentric (observer view) negative representation of their body that their 
sensory inputs are no more able to update even after dramatic body changes. The 
impossibility of using sensory inputs for updating the allocentric representation of 
the body—patients hate their body even after a significant weight loss—locks the 
patients into an unsatisfying body that may explain their depression, low quality of 
life and difficulty in maintaining an effective eating behavior (Omalu et al. 2007; 
Masheb et al. 2007).

How can we unlock this virtual body? This chapter suggested as possible 
answer an exciting new technology: virtual reality (VR). VR is well-known by sur-
geons: it is used in surgical training and allows the surgeon to interact efficiently 
with 3D computerized databases of medical images in real-time using his natural 
senses and skills. However, VR can be considered an “embodied technology” for 
its effects on body perceptions: VR can be used for inducing controlled changes 
to the experience of the body. In sum, it is possible the use of VR to induce a con-
trolled sensory rearrangement that facilitates an update of the locked allocentric 
representation of the body.

Specifically, a specific body image rescripting protocol based on VR is part 
of the ECT described in this chapter. ECT is a relatively short term (five weekly 
group sessions aimed at improving motivation to change and assertiveness, and 
10 biweekly virtual reality sessions in 6  weeks), patient-oriented approach that 
focuses on individual discovery. As cognitive behavioral therapy (CBT), ECT 
uses a combination of nutritional, cognitive, and behavioral procedures to help the 
patient identify and change the maintaining mechanisms in obesity and eating dis-
orders. However, ECT differs from the typical CBT approach in the use of VR, in 
its focus on empowerment and in its focus on the negative emotions related to the 
body (Villani et al. 2012).

In the VR sessions the therapist uses the “20/20/20 rule”. During the first 
20 min, the therapist focuses on getting a clear understanding of the patient’s cur-
rent concerns, level of general functioning, and the experiences related to food. 
The second 20 min are devoted to the virtual reality experience. During this part of 
the session, the patient enters the virtual environment and faces a specific critical 
situation. In the final 20 min, the therapist explores the patient’s understanding of 
what happened in VR and the specific reactions—emotional and behavioral—to 
the different situations experienced.
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ECT has been tested in different case studies and two controlled trials with 211 
obese patients and 36 binge eating patients (VEPSY UPDATED-ISRCTN59019572). 
The two controlled trials show that ECT provides better results in the follow-up than 
competing approaches. This positive experience is being replicated in Mexico. The 
“Laboratorio de Enseñanza Virtual y Ciberpsicología” at the School of Psychology 
of the Universidad Nacional Autonoma de Mexico, in cooperation with the Obesity 
Unit of the Medica Sur Hospital in México City have recently started a controlled 
clinical trial, recently approved by the US ClinicalTrial.gov database (Virtual 
Environments For Supporting Obesity Treatment—AVATOB-NCT01394393). The 
trial, that will include 60 morbid obese patients both treated with bariatric surgery 
and without it, started its work in June 2011 and is expected to complete in 2013.

Even if the final results are not available yet, recently we reported (Riva et al. 
2012a, b) the clinical case of Patricia, a 44-year-old woman, who entered in the 
bariatric protocol with a weight of 114 kg., 1.55 m. tall and a B.M.I. of 47. Even 
if at the start of the protocol her weight was 80.2 kg (a 30 % body weight loss 
and a 62 % excess body weight loss), the weight loss achieved after the surgery 
was unable to modify her negative experience of the body: she expressed the need 
to improve self-esteem, be more attractive, and also be more attractive to others. 
Moreover, the clinical data underlined a moderate level of depression matched by 
a high level of body dissatisfaction. The clinical data after the treatment showed 
a significant improvement in all the psychological variables matched both by an 
improvement in the subjective physical and emotional well-being, and by relevant 
behavioral changes in the personal and social daily life.

In conclusion, the available clinical data suggest the added value of ECT as part 
of an integrated obesity treatment based on the experiential approach allowed by 
virtual reality. Longer follow-up data and multi-centric trials are required to inves-
tigate the possible effects of the behavioral and body image changes on the long-
term maintenance of the weight loss.
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Abstract  Because of the high prevalence of obesity, a major challenge for 
national health services worldwide is to elaborate effective, efficacious, and 
sustainable models for assistance and rehabilitation of the complicated obese 
patient. Two main chronic care models for obesity management have so far been 
described: the British “Triple tier model for weight management”, and more 
recently the Italian “Hub and Spoke model for obesity management”. The triple 
tier model was primarily designed for increasing efficacy for weight manage-
ment in primary care; emphasis is put on weight control rather than on disease 
management. The hub and spoke model describes a service network with differ-
ent but integrated levels of care, with the patient at the center. It identifies highly 
specialized hospitals (hub) for diagnosis and treatment of morbid obesity and of its 
complications, patients being referred to and from peripheral centers (spokes), for 
initiation/continuation of their treatment and rehabilitation program. Regardless 
of the model chosen, the development of clinical pathways for obesity—from pri-
mary care to rehabilitation—for morbid and complicated obesity requires first of 
all an appropriate organizational, structural, and educational setting. They should 
clearly define the multidisciplinary integration between different levels of care 
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should be guaranteed to be cared for in hospitals meeting defined standards for 
accommodation, patients’ handling, equipment by trained medical, and nursing 
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ment of the obese patients, both for weight management and management of the 
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16.1 � Introduction

Chronic care models were started to be developed in the latter part of the twentieth 
century with the aim to improve the assessment and treatment of chronically ill 
patients and to limit unnecessary costs (Wagner 1998). The model described by 
Wagner and colleagues is based on six elements i.e., the community, the health 
system, self-management support, delivery system design, decision support, and 
clinical information systems. In this model, patients take an active part in their 
care and provide feedback to professionals and to health administrators. The 
Chronic Care Model can be applied to a variety of chronic illnesses, health care 
settings, and target populations (Wagner 1998).

Despite the huge burden represented by disabling obesity on healthcare costs 
there is a surprisingly shortage of published research or debate on chronic care 
models for obesity management in the scientific literature.

Most papers have focused on cost-effectiveness treatments for weight loss 
(Fuller et al. 2012; Rucker et al. 2007; Colquitt et al. 2009; Picot et al. 2009), 
comparing dietary and behavioral interventions with pharmacological or surgical 
treatment of obesity. In some of such trials, the presence of “disabling diseases” 
represents an exclusion criteria; in the majority of the remaining trials improve-
ments on obesity-related disability are seldom assessed, and if so assessment is 
carried out indirectly through questionnaires on health-related quality of life rather 
than on direct functional assessment.

It is not surprising therefore that even within the in-depth analysis carried out 
within the framework of Health Technology Assessment Programme of the British 
National Health Service (Avenell et al. 2004) on the long-term effects and eco-
nomic consequences of obesity treatments there is no mention of disability. The 
authors have developed economic models of treatments for obesity in terms of 
reduction of cardiovascular risk factors and on quality-adjusted life years (QALYs). 
Unfortunately, the instruments on which the calculation of QALYs have been based 
present with a number of limitations, such as not being restricted to functional sta-
tus, but including a conflation of symptom, function, and health-perception scales 
not specific to obesity, or being excessively psychosocial oriented or being not 
empirically validated (Donini et al. 2011).

Only recently, Yaskin and colleagues have dealt with the concept of chronic 
care models in obesity management (Yaskin et al. 2009). They pointed out in their 
review that as with other chronic diseases, improved outcomes are associated with 
effective self-management of obesity across the life span, and therefore obesity fits 
squarely within the disease management and chronic care models (Yaskin et al. 
2009). They conclude that—with the limitations due to the uneven quality of avail-
able studies—the combination approaches i.e. surgical or pharmacologic, com-
bined with a behavioral intervention, were most likely to be effective. Management 
of the co-morbidities within this model was not specifically addressed.

Only a small part of the obese population worldwide has access to adequate 
services to the severity of the condition (including diagnostic, treatment, and reha-
bilitation of complications).



CORRECTED P
ROOF

28716  Chronic Care Models for Obesity Management

The big question is whether it is possible to identify one ore more models for 
assistance and rehabilitation of the complicated obese patient, which would prove 
in the long term to be effective, efficacious, and sustainable. Despite the scarce 
evidence from the literature, nevertheless, the present chapter will try and describe 
possible chronic care models for obesity, especially disabling obesity. Details will 
be given about the Italian forerunner experience in this sector.

16.2 � Theoretical Models

16.2.1 � The Triple-Tier Model for Weight Management

In 2001, the United Kingdom National Audit Office document Tackling Obesity in 
England (National Audit Office 2001) described the program offered by a special-
ist obesity clinic under the National Health Service, consisting in a combination 
of: group behavior modification, low calorie liquid diet program, appointments 
with the dietician and the doctor, clinical psychology assessment, pharmacologi-
cal intervention for prescription of anti-obesity drugs, referral to other units for 
surgical intervention, and recruitment into clinical research programs where 
appropriate. This survey did not mention any experience on rehabilitative care for 
complicated obesity.

Mainly based on the findings and recommendations of the National Audit 
Office Document, in 2005 Maryon-Davis described a triple-tier pathway for 
weight management (Maryon-Davis 2005) from the brief intervention in primary 
care (Tier 1) through community-based lifestyle program (Tier 2) to hospital-
based treatment (Tier 3) (Fig. 16.1).

This model was primarily designed for increasing efficacy for weight man-
agement in primary care. Tiers 1 and 2 of the pathway are described in detail, 
including organizational aspects and lines of evidence. The upper level of care 
(Tier 3) is just mentioned as “specialist hospital-based service, involving out-
patient or in-patient dietary management and behavioural therapy, with or with-
out exercise. It would also include possible referral for surgery” and no further 
detail is given.

16.2.2 � The “Hub and Spoke” Model for Obesity Management

The “Hub and spoke” model put forward for the management of chronic condi-
tions of special healthcare and economic interest, involves the concentration of tai-
lored care, in centers of excellence (hub) and the referral of patients to peripheral 
centers (spokes), for the continuation/integration of their treatment/rehabilitation 
program.
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Networks created using this approach aim to guarantee a coordinated action of 
intervention, thus assuring patients optimum healthcare in the best-suited facil-
ity in terms of clinical and organizational appropriateness (Nobilio and Ugolini 
2003). Until recently, in Italy, the concept of “dedicated care” for very obese 
patients in specialized centers organized into networks has never been introduced 
into National or regional legislation (Italian Ministry of Health 2011a). The con-
sequence was (and unfortunately still is) an unacceptable heterogeneity between 
hospitals and between different Regions on the level of services offered to patients 
and on access to care, some of the few hospitals offering rehabilitation programs 
specific to severe obesity being set in a “legal vacuum” then at risk of inappropri-
ateness according to regional guidelines in force that favor the post-acute rehabili-
tation rather than organ-specific and multidimensional rehabilitation, despite the 
recognition of a full dignity to obesity (metabolic) rehabilitation at the national 
level (Italian Ministry of Health 2011b).

In 2011, the Italian Ministry of Health published a document on the “Clinical, 
instrumental, technological and operative appropriateness criteria for the prevention, 
diagnosis and treatment of diabetes and obesity” (Italian Ministry of Health 2011a). 
This document proposes for the first time an “hub and spoke” model for obesity 
management, emphasizing the importance of community as a setting for the analysis 

1-Hospital-based treatment

Outreach or outpatient treatment with 
behavioural therapy support

Inpatient treatment with controlled dietary 
supervision

Surgery in selected cases

2-Community-based lifestyle programmes

Cluster-based lifestyle clinic run by community dietitian 
and/or physical activity facilitator

Anti-obesity medication in selected cases

Commercial slimming group

3-Brief intervention in primary care

Risk factor screening and case selection

Nurse-led motivational counselling and support material on 
dieting and physical activity

Telephone or visit support from lay community lifestyle

advisor

Fig. 16.1   The triple-tier for weight management (modified from Maryon-Davis 2005)
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of the needs and the integration between the different levels of care, with the patient 
at the center. Since this is a chronic condition, the service network should take the 
patient into charge and follow it over time, inserting her/him in pathways of care 
with various levels of diagnostic and therapeutic intensity, always part of a program 
of shared follow-up.

The document describes the Hub Centre—Hospital Center of High 
Specialization—as units with medical and nursing professionals with specific 
skills and experience covering the different clinical aspects of obesity and comor-
bidities related to it, with a role of excellence in the field of internal medicine (in 
particularly in the field of metabolism, endocrinology, and clinical nutrition) and 
bariatric surgery. According to this document, to ensure an adequate level of ser-
vice and justify the use of dedicated resources with 24 h a day operation, the Hub 
must provide presumably at least 600 new cases/year, 150 bariatric surgery opera-
tions, 3,000 outpatients’ visits/year of morbid and complicated obese patients.

The Spoke Centre is described as a center responsible for: (a) the manage-
ment of patients with varying degrees of obesity that presents complex clini-
cal conditions; (b) the implementation of therapeutic measures (rehabilitation/
physical reconditioning/nutrition) which are most appropriate for the management 
of patients in the subacute phase; (c) the transfer to higher level of care for the 
patients in critical clinical conditions.

Depending on the need, and the number of cases dealt with, the Spoke center 
could optionally activate a bariatric surgery unit.

In this model, access to any of the network nodes should be able to occur 
through the general practitioners (GPs) or the specialist centers, either public or 
private accredited with the National Health Service (outpatients’clinics, day hospi-
tal, day service, and inpatient admissions) who are to assist obese patients.

The requirements common to the two levels of support (Hub and Spoke) are:

•	 Presence of a multidisciplinary team for obese patient management formed by 
experienced doctors and nurses;

•	 Systematic collection of clinical information through medical records in order 
to share the patient care process and to evaluate quality of care;

•	 Electronic network to allow teleconsultations between the network centers;
•	 Activation of early rehabilitation as needed;
•	 Weekly multidisciplinary meetings;
•	 Close collaboration between nursing and other forms of multidisciplinary care.

The Hub also provides educational programs and training of highly specialized 
personnel in Spoke hospitals, with the aim to improve quality standards of knowl-
edge and expertise in the fields of internal medicine, endocrinology, clinical nutri-
tion, general and bariatric surgery, and health management of obesity.

The Hub is responsible for collecting and processing clinical data of outcome 
from Spoke hospitals, promoting, and continuously updating the Regional and 
National epidemiological registry of morbid obesity.

The contact with the Hub center should be easy and immediate, with the 
appointment of medical/paramedical figures which play the role of “referents of 
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access” to the Center. Obese patients with major disabilities, frailty and difficul-
ties, and with little or no family support must be able to rely on an integrated home 
care treatment and rehabilitation plan, which is managed and coordinated by the 
GP. The local services must guarantee intermediate care in-between the follow-up 
visits at the specialist Center in view of a better continuity with the treatment and 
rehabilitation program of the obese patient (medical monitoring, nutritional, psy-
chological, psychiatric, physiotherapy treatment, etc.). The service network must 
also be articulated both longitudinally and transversely: (a) longitudinally because 
the same patient may need, over the years, different types of care in relation to 
the course of the disease and the exacerbation of complications; (b) transversely 
because different obese patients, in relation to the degree of comorbidities-frailty-
disability can take advantage of different nodes of the service network (Fig. 16.2).

As far as planning of rehabilitative services are concerned, a reasonable estimate 
for implementing the model could be to provide one in-patient rehabilitation bed in a 
highly specialized center per 1,000 severely or complicated obese patients, and 2 to 
4 day-care rehabilitation seats in peripheral spoke centers per every 1,000 severely or 
complicated obese patients. In order to ensure adequate standards of care and experi-
ence, a specialized obesity rehabilitation unit should run at least 20 beds for inpatient 

HUB

Spoke 
REHAB

Spoke
Hosp

Spoke
Hosp

Spoke
Hosp

H

Spoke
Hosp

H H H HH H H

GP GP GP GP GP GP GP GP GP GP GP GP GP

-Medical/surgical
cases of high complexity
- Bariatricsurgery
- Registry
- Peer-to-peer education
- Network supervision

-Evaluation of multidimensional
obesity related disability

-Highly specialised in -
patient rehabilitation of obesity 
and its co-morbidities

District hospitals with structural, 
organizational and 
professional requirements to treat most
cases of complicated and 
morbid obesity
Day hospital service for rehabilitative 
treatment of obesity

District hospitals with clinical
pathways for evaluation.
care and referral of obese 
patients presenting with 
acute conditions

General practices with clinical
pathways for identification,
monitoring and first-line
treatment of obesity 
and of its complications

Fig. 16.2   Regional networks for obesity management based on the Hub and Spoke model
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treatment. Also considering the minimum requirements for Hub centers, regional 
health services with less than 20,000 severely obese or complicated patients in their 
territory should identify interregional Hub centers and rehabilitation centers.

The first Italian Region to setup a regional Hub and Spoke obesity network has 
been the Veneto Region. The Hub center is located in the Padua University Hospital, 
to whose medical and surgical wards obese patients with life threatening conditions 
are referred, and where a bariatric surgery center operates and outpatients’ endocrinol-
ogy and nutrition clinics dedicated to morbid obesity are run. The regional in-patient 
Obesity Rehabilitation spoke center is located at Garda (Verona); appropriateness cri-
teria for access under the regional health service have been disciplined (Veneto Region 
2012). At a national level, the scientific institute Istituto Auxologico Italiano Ospedale 
San Giuseppe at Piancavallo (VB) which was born as a Foundation in 1963, has repre-
sented and still represents the main hub center of referral for medical and rehabilitative 
management of morbid obesity from all over the country (Zaninelli 2008).

16.3 � Integrated Pathways for Clinical Management of 
Obesity

16.3.1 � From Primary Care to Rehabilitation

The Italian Ministry of Health 2011 document stated that “the particular character-
istics of morbid obesity as a chronic disease, its comorbidities and consequential 
disabilities that negatively impact both quality of life and health expenditure calls 
for an approach that also involves rehabilitation and not just treatment alone. It is 
therefore important to devise and develop pathways of care based on a multidisci-
plinary approach that not only deal with the weight issue over a longer period, but, 
above all, prevent and treat its complications. Regional obesity prevention, diagno-
sis and treatment networks are structured into various levels including both com-
munity and hospital facilities” (Italian Ministry of Health 2011a).

Integrated care pathways are structured multidisciplinary care plans which 
detail essential steps in the care of patients with a specific clinical problem. 
Clinical pathways appeared as a result of the adaptation of the documents used 
in industrial quality management, the so-called standard operating procedures. 
They have been proposed as an aid to promote the translation of national guide-
lines into local protocols and their subsequent application to clinical practice; to 
improve multidisciplinary communication and care planning, including with pri-
mary care; to improve quality standards, clinician–patient communication, and 
patient satisfaction (Campbell et al. 1998). Integrated care pathways describe, for 
a specific clinical condition, the tasks to be carried out together with the timing 
and sequence of these tasks and the discipline involved in completing the task. In 
its simplest form, they consist of a single multidisciplinary record, which is part of 
the patient’s clinical record together with a patient summary sheet.
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Experience has so far been greater in surgical services, where care is more eas-
ily predictable and set routines of practice were already in place. Not surprisingly, 
so far clinical pathways in obesity have only been reported for bariatric surgery. 
They have been reported to improve several indicators of perioperative quality of 
care (Ronellenfitsch et al. 2012), and to reduce both variability in professional care 
patterns and hospital costs (Campillo-Soto et al. 2008). For its complex pathogen-
esis, the high variability of response to treatment and the several comorbidities, 
obesity as a whole represents a condition which cannot be framed in a few stand-
ard operating procedures. The development of pathways of care—from primary 
care to rehabilitation—for morbid and complicated obesity requires first of all an 
appropriate organizational, structural, and educational setting.

From the organization point of view, the first step is to identify referents (med-
ical and nursing area) for the quality of assistance to obese patient within each 
setting (territorial primary care; district hospital; highly specialized hospital; reha-
bilitation hospitals). As next steps, a mapping of all structures and teams more 
frequently involved with the care of obese people, the identification of key per-
sons (“facilitators”) within each team to be involved in drawing up and diffusing 
the protocols, a survey to identify adequacy and pitfalls of existing care, and the 
involvement of patients’ organizations.

About structural requirements, highly specialized centers must have large 
premises accessible to people with disabilities, divided into: a waiting area pro-
portionate to influx; suitable and equipped clinics that have chairs, beds, toilets, 
and lifts able to support weight at least up to 250 kg, surgical ward should have 
operation tables, equipment, and stretches able to support superobese patients; 
the same for intensive care units (ICUs) and hospital wards dedicated to treat 
medical and surgical complications of obese patients. Radiology Departments 
of regional centers should have dedicated equipment for morbidly obese and 
superobese (e.g., open MR) (Italian Ministry of Health 2011a). Each obesity 
clinic must have: computer, height rod, scale weighting up to 300  kg, sphyg-
momanometer with large armband, ophthalmoscope, reflectometer for glucose, 
and educational material. The area dedicated to the clinics must have a bioel-
ectrical impedance equipment and possibly dual energy X-ray absorptiometry 
(DEXA) for body composition and indirect calorimeter for measurement of 
resting energy expenditure.

With regard to training, it is essential for GPs as well as hospital medical 
(nonobesity specialists) and nursing staff to be correctly and timely informed of 
all the diagnostic and therapeutic aspects related to obesity. It is of paramount 
importance that the primary care physician and the staff of district services are 
able to recognize the factors predisposing to complications, to recognize and 
monitor alarm signals, to direct patients to the appropriate level of care, thus 
avoiding unnecessary delay in diagnosis and treatment. Moreover, the training 
of surgeons who regularly treat obese patients must not merely include continu-
ing updates on surgical techniques and tools, but also dedicate greater atten-
tion to the concept of chronicity and long-term management (Italian Ministry of 
Health 2011a).
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A number of indicators of process and of outcome in the disease management 
of obesity, from GPs to hospital management and bariatric surgery have been 
described (Italian Ministry of Health 2011a). Periodical evaluation of disability 
(e.g. by using the TSD.OC score as described in Chap. 6) could help to define the 
appropriate level of care in individual patients.

Last, but not least, medical and paramedical personnel should be trained to 
have an emphatic and nondiscriminating approach toward obese patients, thus 
avoiding to perpetuate anti-obesity stigma which is detrimental to patients’ adhe-
sion to care (Sikorski et al. 2011).

Clinical pathways for obesity should clearly define the multidisciplinary inte-
gration between different levels of care and between professionals, identifying 
roles, and responsibilities.

Primary care practitioners i.e. GPs, practice nurses, health visitors, community 
nurses, community pharmacists, and, if available, exercise specialists, community 
dieticians, and psychologists can provide first-line management of obesity in high-
risk patients. Table 16.1 lists the main tasks that could be carried out within a pri-
mary care setting.

Table 16.1   Tasks for primary care setting in clinical pathways for obesity management

Periodic evaluations Monitoring and supervision

Weight, waist circumference
Blood pressure, heart rate, and peripheral  

oxygen saturation
Fasting glucose, lipid profile, uric acid,  

glycated haemoglobin, and  
microalbuminuria (as applicable)

Smoking habits
Physical activity levels
Alcohol consumption
Tailored screening for obesity-related  

neoplasm (endometrial, breast, and  
colorectal cancer)

Early detection of symptoms suggestive of 
cardio-respiratory complication including 
obstructive sleep apnoea syndrome

Assessment of pain and risk of wounds
Availability of social and familiar support for 

proper nutrition and adhesion to therapies

Basic assessment of obesity-related disabilities
Basic assessment of obesity-related medical 

comorbidities (including psychiatric)
Referral to superior levels of treatment and 

rehabilitation according to shared clinical 
pathway

Two-way communication with hospital 
specialists

Monitoring of assumption of pharmacological 
treatment for obesity complications and of 
nutritional supplements following bariatric 
surgery

Monitoring of side-effects of pharmacological 
treatments for obesity (if prescribed by the 
specialist) and for its complications

Referral for and supervision of home-care 
assistance

Therapies Further treatment option (if locally available)

Pharmacological treatment of cardiovascular 
and metabolic complications of obesity

Wound care
Brief motivational intervention on reducing 

sedentary behavior
Brief motivational intervention on smoking 

cessation
Brief nutritional counseling
Prescription of physical therapy for  

osteoarticular complication

Referral to a community exercise specialist for 
adapted physical activity

Referral to a community dietician for  
dietary care plan, nutrition education,  
and monitoring

Referral to a community psychologist for 
individual/group support and cognitive-
behavioral therapy for obesity

http://dx.doi.org/10.1007/978-3-642-35972-9_6
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In the minimum set of clinical pathways for obesity in district hospitals there 
should be included the emergency treatment of the morbid obese patient; well-
defined anesthesiological procedures to treat surgical conditions in obese patients; 
the prompt identification of cases to be referred to the Hub center or to other 
Spoke hospitals in the network with the appropriate setting to treat critical medi-
cal and surgical complications in morbid obesity; the appropriate drug dosage of 
available hospital medications for obesity; nursing of the obese patient. District 
hospitals which represent “Spoke” hospitals in the network should develop—in 
close co-operation with the Hub hospital—additional clinical pathways, and make 
them available to nonspoke hospitals (Table 16.2).

Rehabilitative centres should set multidisciplinary pathways covering evalu-
ation, rehabilitative programs, and outcome measures in the areas of physical, 
nutritional, psychological, social, nursing rehabilitation, and plus those related to 

Table 16.2   Suggested minimum set of clinical pathways for obesity management in district hos-
pitals (to be revised for adaptation to obese patients or to be added)

District hospital (non-spoke) District hospital (spoke)

Same as for non-spoke hospital plus those listed 
above

Medical and surgical areas
Peripheral and central venous cannulation
Main medical and surgical conditions included 

in current clinical pathways
Drug dosage in obesity
Anaesthetic procedures
Management of the obese patient within the  

Hub and Spoke network

Diagnostic and therapeutic protocols and 
procedures for the medical complications of 
obesity in the following areas:

Metabolic
Endocrine
Cardiovascular
Respiratory
Gastrointestinal and hepatological
Renal
Osteo-articular
Psychiatric
Geriatric medicine
Bariatric surgery
Assessment (multidisciplinary)
Surgical procedures
post-surgical follow up (multidisciplinary)
Obesity rehabilitation (or referral protocols if 

located elsewhere)
Nursing area
Accidents and emergency triage
Mobilization and transfers of obese patients
Patient review instrument (PRI)
Pression ulcer prevention
Wound care

Evaluation of obesity-related disability and 
frailty (multidisciplinary)

Others
Radiological procedures Psychological assessment and cognitive- 

behavioral treatment
Nutritional assessment and dietary treatment
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medical complications of obesity. Integrated pathways should be drawn for pre- 
and post-surgical rehabilitation of patients undergoing bariatric surgery.

These pathways are described in detail in other chapters of the present book.
The Hub centre should ensure that all clinical pathways developed within the 

network comply with stringent standards of care, are evidence-based whenever 
possible, and are being regularly updated. Also, as already mentioned, they are 
responsible for keeping the regional Registry of morbid obesity and for the con-
tinuous medical education programs on obesity under the Regional Health Service.

16.4 � Surgery or Rehabilitation? Are They Really 
Conflicting Approaches?

Some degree of theoretical conflict does exist in the whole literature between 
surgical and nonsurgical approaches to obesity, and probably explains why pub-
lications are scarce regarding chronic care models. One gap is the relative lack 
of dialog between surgeons and internists, as perhaps none of the pathways are 
truly complete and fully balanced. Surgical models and protocols address surgical 
needs, which are essentially acute and short term. Clinical pathways are mainly 
directed toward lifelong care, based on the different assumption that obesity is a 
permanent condition.

In surgical circles, though obesity continues to be defined as a chronic incur-
able disease, pragmatically it is viewed as practically the opposite. If somebody 
has lost more than 50 % of excess body weight after bariatric intervention he or 
she is considered compensated, if not cured. A not much different concept applies 
to diabetes and metabolic surgery, where outcomes like long-term remission and 
even cure are beginning to be utilized. Surgeons do not dismiss the need for life-
long care, however, they believe it should be mostly periodical assessment, not 
full-fledged assistance. In case of recurrence they prefer to re-operate and start the 
process all over again. One must admit much optimism and enthusiasm underlying 
the bariatric approach, and indeed surgeons have great trust in their procedures, 
believing that they can remove disease with their hands. Indeed, it should be con-
sidered that a significant proportion of surgically managed patients do get rid of 
a few comorbidities and some others improve, at least for up to 10–15 years, as 
longer follow-ups are not available yet (Sjostrom et al. 2012).

Nevertheless, only a fraction of those with severe or complicated obesity are 
potentially candidates to surgery, and not all candidates are suitable to proceed to 
surgery (Neff and le Roux 2012).

A chronic care model that includes rehabilitation not only can help to improve 
co morbidities and quality of life in these patients, but also can make candidates 
for surgery patients previously not eligible. Also, although obesity surgery can 
significantly reduce disability in a large proportion of patients, in others residual 
disability (especially psychiatric) and co morbidities can persist or worsen despite 
weight loss (Tindle et al. 2010; Mirabelli et al. 2011; Neff and le Roux 2012) 
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while in others it can reappear following weight regain (Neff and le Roux 2012). 
These all represent strong arguments in favor of including bariatric surgery in 
chronic care models. Those patients with a long-lasting efficacy of bariatric sur-
gery on comorbidities and quality of life could eventually be managed in primary 
care setting under specialist supervision, while the remaining ones will require set-
tings of higher complexity, which can include rehabilitation coupled to repeated 
surgery where deemed appropriate.

16.5 � Future Approaches: Telemedicine

A new promising method for granting continuity of care to wide populations 
of patients at low costs is telemedicine: the term “telemedicine” has a wide 
definition—medicine practised at a distance—uses information and commu-
nication technologies (ICT) in order to exchange information useful for the 
diagnosis, treatment, rehabilitation, and prevention of diseases (Castelnuovo 
et al. 2003). Main roles for telemedicine to support integrated care in chronic 
disease management have been in providing education (to improve self- 
management), in enabling information transfer (e.g. telemonitoring), in facili-
tating contact with health professionals (e.g. telephone support and follow-up), 
and in improving electronic records. That is, telemedicine has been used in 
both the process of care and the outcome of care (Wootton 2012).

Care-at-a-distance (telecare) can be carried out with tools such as websites, 
e-mail, chat lines, videoconference, telephone, and mobile phones. Compared 
to no intervention or minimal interventions (pamphlets, usual care), interac-
tive computer-based interventions (mainly behavioral treatments) are an effec-
tive intervention for weight loss and weight maintenance (Wieland et al. 2012). 
However, compared to in-person interventions, interactive computer-based inter-
ventions result in smaller weight losses and lower levels of weight maintenance 
(Wieland et al. 2012). Mobile technologies as potential interventions to promote 
weight loss showed strong evidence to occurrence of weight loss in the short 
term, but only moderate evidence for the medium term, with little or no data on 
long-term follow-up, cost-effectiveness, and patient acceptability (Bacigalupo  
et al. 2012).

Also, novel medical technologies can be interfaced to communication technolo-
gies in order to allow at-distance medical monitoring of obesity complications, like 
type 2 diabetes, respiratory insufficiency, obstructive sleep apnoea, arterial hyperten-
sion, and coronary heart disease. A US-based company offers the TelehealthLink™ 
obesity package currently including a weight scale, a blood glucose monitor, and 
a small communication gateway box (http://www.telehealthlink.com). The weight 
scale and blood glucose monitor connects to the communication gateway which 
sends the data to company’s servers real-time via an Internet connection. Additional 
healthcare devices for hypertension and asthma can be added into the package 
according to patient monitoring needs. Centralized real-time data collection allows 

http://www.telehealthlink.com
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to process vital signals automatically and simultaneously informs caregivers or/and 
family members if the patient needs immediate medical attentions. Web interface 
enables physicians, caregivers, and family members to monitor patients’ health sta-
tus. No research data specifically addressed to obesity using this system has yet been 
published.

One possible reason why telemedicine programs for obesity so far tested have 
not given fully satisfactory results could be the lack of involvement of primary 
care providers. In a controlled study, where intervention provided patients with 
weight-loss support remotely—through the telephone, a study-specific website, 
and e-mail but also where primary care providers reinforced participation at rou-
tinely scheduled visits—was effective in promoting weight loss at 24 months as 
the intervention providing in-person support (Appel et al. 2011).

Web-based strategies for enforcing and monitoring prescribed physical activ-
ity could play an important role for enforcing long-term weight loss but also 
long-term care of obesity. A promising tool is the Mywellnesskey® accelerometer 
(Technogym, Italy), devised to measure and reinforce the adherence to physical 
activity recommendations, which has been validated and tested in patients dis-
charged from cardiac rehabilitation program (Guiraud et al. 2012a). This tool has a 
visual display to give immediate feedback to the patient on amount of daily physi-
cal activity prescribed and that already carried out, and can be interfaced to remote 
control by the prescribing physician through the patient’s personal computer. In a 
controlled study, telephone support based on accelerometer recordings proved to 
be an effective strategy to improve adherence to physical activity in noncompliant 
cardiac patients following rehabilitation (Guiraud et al. 2012b).

Another tool which couples accelerometer, pedometer, galvanic skin response, 
skin temperature, and heat flux (Bodymedia® Sensewear Armband) is being tested 
for measuring physical activity and energy expenditure in obese patients with type 
2 diabetes within a multidisciplinary telemedicine approach (Castelnuovo et al. 
2010, 2011).

A word of caution about easy enthusiasm for telemedicine in the management 
of chronic diseases comes from a recent analysis by Wootton of 141 randomized 
controlled trials on telemedicine interventions for asthma, COPD, diabetes, heart 
failure, and hypertension (Wootton 2012). The author underlines that firstly, most 
studies have reported positive effects, while almost none have reported negative 
effects, suggesting publication bias; secondly, that there were no major differences 
in the value of the telemedicine intervention between the disease types; thirdly, 
that most studies have been relatively short term, although it seems unlikely that in 
a chronic disease, any intervention can have much effect unless applied for a long 
period. And finally, that there have been very few studies of cost-effectiveness and 
patients’ acceptance. Thus, the author concludes that evidence base for the value 
of telemedicine in managing chronic diseases is on the whole weak and contradic-
tory, and further higher quality research is warranted (Wootton 2012).
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