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ATP	 Adenosine triphosphate
BEACON	 Barrett and Esophageal Adenocarcinoma Consortium
BIA	 Body impedance analysis
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MAPK	 Mitogen-activated protein kinase
MCP-1	 Monocyte chemoattractant protein-1
MetS	 Metabolic syndrome
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MOD	 Multi-organ dysfunction
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mTOR	 Mammalian target of rapamycin
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NAFL	 Non-alcoholic fatty liver
NAFLD	 Non-alcoholic fatty liver disease
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NAS	 NAFLD Activity Score
NASH	 Non-alcoholic steatohepatitis
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NDDM	 non-insulin dependent diabetes mellitus
Nf-κB	 Nuclear factor kappa B
NHANES	 National Health and Nutrition Examination Survey
NHI	 National Institutes of Health
NSAID	 Non-steroidal anti-inflammatory drug
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PCOS	 Polycystic ovary syndrome
PI3K	 Phosphatidyl inositol 3-kinase
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PUFA	 Polyunsaturated fatty acid
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RR	 Relative risk
ROS	 Reactive oxygen species
SAT	 Subcutaneous adipose tissue
SEER	 Surveillance epidemiology and end results
SHBG	 Sex hormone binding globuline
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SIR	 Standardised incidence ratio
SIRS	 Systemic inflammatory response syndrome
SRR	 Summary relative risk
T2DM	 Type 2 diabetes mellitus
TNF-α	 Tumour necrosis factor-alpha
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VLCD	 Very-low-calorie diet
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WHO	 World Health Organisation
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1.1	 �Introduction and Epidemiology

Overweight and obesity have reached epidemic proportions and globally there are 
now more people who are obese than underweight. This is the case in every region 
except parts of sub-Saharan Africa and Asia [1]. In 2014 266 million men and 375 
million women were obese compared to only 34 million men and 71 million women 
in 1975 and 58 million men and 126 million women suffered from severe obesity.
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In 2016 the Non-Communicable Disease Risk factor Collaboration (NCD-RisC) 
evaluated 1698 population-based worldwide data sources from 200 countries with 
more than 19.2 million (9.9 million men and 9.3 million women) participants aged 
18 years and older to estimate trends in overweight and obesity from 1975 to 2014 
[1]. Over this period the global age-standardised mean Body Mass Index (BMI) in 
men increased from 21.7 kg/m2 in 1975 to 24.2 kg/m2 in 2014, and in women from 
22.1 kg/m2 to 24.4 kg/m2. The mean increases per decade were 0.63 kg/m2 for men 
and 0.59 kg/m2 for women, signifying an increase in body weight per decade of 
1.5 kg. There were large regional differences. The largest increase in men’s mean 
BMI was in high-income English-speaking countries and in women in central Latin 
America. The prevalence of obesity (BMI ≥30 kg/m2) increased from 3.2% in 1975 
to 10.8% in men and from 6.4% to 14.9% in women (Fig. 1.1). Severe obesity (BMI 
≥35 kg/m2) was present in 2.3% of men and in 5.0% of women and morbid obesity 
(BMI ≥40 kg/m2) in 0.64% and 1.6%, respectively. In 2014 more men were obese 
in 68% of 200 countries and severely obese in 56.5% of countries than underweight. 
Similar data were 83% and 67.5%, respectively, for women. In 2014 slightly more 
obese people live in China than in the USA and China moved to the second rank for 
severe obesity. Notwithstanding this, more than one out of four severely obese men 
and almost one in five severely obese women in the world live in the USA.

The probability of reaching the global target of halting the rise in obesity by 2025 
at the 2010 obesity level is virtually zero. By 2025, the global obesity prevalence 
will reach 18% in men and surpass 21% in women and severe obesity will surpass 
6% in men and 9% in women. If recent trends continue it has been estimated that in 
2030 60% of the world’s population will be overweight with 3.3 billion people of 
whom 2.2 billion are overweight and 1.1 billion are obese.

Forty-one million children under the age of five were overweight or obese in 
2014 [2, 3]. In Africa, the number of children who are overweight or obese has 
nearly doubled from 5.4 million in 1990 to 10.6 million in 2014. Nearly half of the 
children under five who were overweight or obese in 2014 lived in Asia. In European 
countries the prevalence of overweight and obesity in adults is 50% [4, 5]. Within 
the range of obesity the segment with a BMI ≥35 kg/m2 is rapidly growing. In the 
USA a BMI >35 kg/m2 is present in 15% of the adult population.

These alarming data signify an enormous burden of well-known obesity-
associated diseases such as type 2 diabetes mellitus (T2DM), hypertension, dyslipi-
daemia, metabolic syndrome, cardiovascular disease, sleep apnoea syndrome and 
certain cancers. Overweight and obesity are the strongest established risk factor for 
diabetes which is associated with a 2–3-fold increased risk of mortality [6]. The 
International Diabetes Federation (IDF) estimated that the cost of caring for diabe-
tes worldwide was at least $673 billion in 2015. The NCD-RisC also estimated the 
trend in diabetes between 1980 and 2014, without differentiating between type 1 
and type 2 diabetes, in 751 studies including almost 4.4 million participants [7]. 
Global age-standardised diabetes prevalence doubled from 4.3% in 1980 to 9.0% in 
men and increased by 60% from 5.0% to 7.9% in women. The number of adults 
with diabetes increased from 108 million in 1980 to 422 million in 2014, a near 
quadrupling of the number of adults. This impressive increase could be explained 
for 28.5% due to the rise in prevalence, 39.7% due to population growth and 31.8% 
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due to the interaction of these two factors. The probability of reaching the goal of 
halting diabetes at the 2010 level in 2025 is less than 1% in men and is 1% in 
women. If the trend continues the age-standardised prevalence of diabetes by the 
year 2025 will be 12.8% in men and 10.4% in women, surpassing a number of 700 
million people.

Obesity is an established risk factor for at least ten cancers (oesophagus ade-
nocarcinoma; liver, gallbladder, colorectum and pancreas cancer; kidney 
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Fig. 1.1  Age-standardised mean BMI in women in 1975 and 2014 worldwide (printed with per-
mission of the editors of the Lancet) [1]
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cancer; and in males advanced prostate cancer and in females postmenopausal 
breast cancer and cancer of the endometrium and ovaries) [8]. Besides the 
already mentioned gastrointestinal (GI) cancers, the GI tract is involved with 
gastro-oesophageal reflux disease (GORD) with its complications of erosive 
oesophagitis, Barrett’s oesophagus and oesophageal adenocarcinoma, gallstone 
disease, acute pancreatitis, non-alcoholic fatty liver disease (NAFLD) and colon 
adenomas.

Apart from these serious comorbidities which may lead to a reduced life expec-
tancy, a range of debilitating conditions such as osteoarthritis, respiratory difficul-
ties, infertility and psychosocial problems, with stigmatisation and discrimination, 
have a negative impact on the quality of life and result in work absenteeism and 
disability. Both the life-threatening comorbidities and the impaired quality of life 
are depicted in the obesity web (Fig. 1.2). Obesity is responsible for 10–13% of 
deaths. Furthermore, the WHO has emphasized that 44% of T2DM burden, 23% of 
ischaemic heart disease burden and 7–41% of certain cancer burdens are related to 
overweight and obesity [2]. In European countries overweight and obesity are 
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responsible for 80% of cases of T2DM, 35% of ischaemic heart disease and 55% of 
hypertension among adults [4].

1.2	 �Definition and Classification

The term overweight refers to an excess of body weight in relation to height and–in 
children–age [9]. An excess of body weight may involve water, muscle, osseous and 
adipose tissue but most overweight people will have an excess of adipose tissue. 
The terms obesity and adiposity refer specifically to an absolute or a relative excess 
in body fat mass. This excess fat storage, in addition to the way in which the fat is 
distributed in the body, places the individual at risk of premature death and many 
obesity-associated comorbidities. Quantification of the amount of adipose tissue 
and its distribution is important. For everyday use the body mass index (BMI, cal-
culated by dividing weight in kilogram by height in meters squared, kg/m2) suffices, 
which is largely independent of height and, at least in adult Caucasians, correlates 
closely with the mass of body fat.

The World Health Organisation (WHO) classified people according to their 
BMI into classes of underweight (BMI <18.5 kg/m2), normal weight (BMI 18.5–
24.9 kg/m2), overweight or pre-obesity (BMI 25.0–29.9 kg/m2) and obesity (BMI 
≥30 kg/m2) with obesity class I (BMI 30–34.9 kg/m2), class II (BMI 35.0–39.9 
kg/m2) and class III (≥40 kg/m2) (Table 1.1) [10–14]. For Asian countries differ-
ent BMI categories have been defined as a similar level of BMI in South East 
Asians is associated with higher risks of comorbidities than in Caucasians [10–
14]. The threshold for obesity is 2  kg/m2 lower (Table  1.1). The term morbid 
obesity refers to the category of BMI ≥40 kg/m2.

BMI is known to be an imperfect predictor of metabolic risks [15]. Some indi-
viduals with a normal BMI have a metabolic pattern characteristic of those with 
overweight or obesity. Some with high BMI appear to have a healthy metabolic 
pattern, the so-called healthy obese, suggesting that the disease risks associated 
with obesity may not be uniform and that apparently a subgroup of obese patients 
is resistant to the development of obesity-associated diseases [16]. The meta-
analysis by Kramer and colleagues tried to determine the effect of the metabolic 
status on all-cause mortality and cardiovascular events in adults with data avail-
able on the three categories of BMI, all-cause mortality, fatal and non-fatal cardio-
vascular events and being metabolically healthy or unhealthy defined by the 
presence of metabolic syndrome components [17, 18]. A total of 61,386 persons 
in 8 studies, followed over 10 years or more, were included. They concluded that 
metabolically unhealthy persons, regardless of BMI, were at 2.5–3 times increased 
risk of death. However, the metabolically healthy obese group was also at risk, 
although the risk was smaller, 24% higher, thereby casting doubt on the existence 
of metabolically healthy obesity [17, 18]. Unfortunately, carefully conducted 
basis scientific studies that tried to determine the beneficial phenotype of obesity 
were not considered such as studies with euglycaemic insulin clamps and studies 
with careful measurement of total body, visceral and subcutaneous fat by 
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magnetic resonance (MR) imaging (MRI) and those measuring fat in muscle and 
liver by MR spectroscopy [19, 20]. Moreover, a relatively large fat mass may 
mask a small muscle mass, a condition known as sarcopenic obesity. The sole use 
of BMI may thus aggregate different people with differences in nutritional status, 
disability, disease and mortality risk.

Likewise, the surplus value of the distribution of fat is more and more appreci-
ated [9]. Subcutaneous fat in peripheral parts of the body, also named peripheral, 
gynoid, femorogluteal or lower body obesity, is physiological and not associated 
with health hazards. In contrast, increased intra-abdominal and visceral fat, also 
named central, android, abdominal or upper body obesity, is associated with 
increased health risks. An estimation of the distribution of adipose tissue can be 
obtained by body circumference measurements, such as the waist circumference, 
measured halfway the lower rib cage and the upper crest of the pelvis (in cm), or 
the waist/hip circumference ratio (WHR), in which the waist circumference is 
divided by the hip circumference, measured over both femur condyles. As such, 
a waist circumference of 80–88 cm in females and 94–102 cm in males corre-
sponds with overweight [21]. In patients with a BMI between 25 and 34.9 the 

Table 1.1  Comparison of cut-offs of BMI, waist circumference and several components of the 
metabolic syndrome in Western and Asian countries [10–14]

Western countries Asian countriesa

BMI normal weight 18.5–24.9 kg/m2 18.5–22.9 kg/m2

BMI overweight 25–29.9 kg/m2 23.0–27.4 kg/m2

BMI obesity ≥30 kg/m2 ≥27.5 kg/m2

BMI obesity class I 30–34.9 kg/m2 27.5–32.4 kg/m2

BMI obesity class II 35–39.9 kg/m2 32.5–37.4 kg/m2

BMI obesity class III/morbid 
obesity

≥40 kg/m2 ≥37.5 kg/m2

BMI obesity super-morbid obesity ≥50 kg/m2

Waist circumference, males
Overweight
Obese

≥94 cm
≥102 cm

Waist circumference, females
Overweight
Obese

≥80 cm
≥88 cm

Metabolic syndrome
Waist circumference, males ≥94 cm ≥90 cm
Waist circumference, females ≥80 cm ≥80 cm
Arterial blood pressure ≥130/85 mmHg or 

treatment for hypertension
≥130/85 mmHg or 
treatment for hypertension

Fasting glucose ≥5.6 mmol/L or treatment 
for T2DM

≥5.6 mmol/L or treatment 
for T2DM

Serum triglycerides ≥1.7 mmol/L or treatment 
for hyperlipidaemia

≥1.7 mmol/L or treatment 
for hyperlipidaemia

HLD cholesterol levels, males <1.03 mmol/L or treatment <1.03 mmol/L or treatment
HLD cholesterol levels, females <1.29 mmol/L or treatment <1.29 mmol/L or treatment

aThreshold BMI for obesity in South Asians being 2 kg/m2 lower and waist being 10 cm smaller
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measurement of the waist wand waist-to-hip ratio are recommended by current 
guidelines. Cut-off values to define abdominal obesity and to identify persons at 
risk are 102 cm for men and 88 cm for women and for the WHR ratio 1.0 in men 
and 0.85 in women [9, 21]. The WHR is presumably a more specific surrogate for 
the fat distribution as the WHR is less strongly correlated with BMI as is the 
waist circumference but mostly the use of the waist circumference has been pro-
posed [9, 21]. In Asians these measures are different: the waist is 10 cm smaller. 
This has also implications for the definition of the metabolic syndrome, which 
clusters components predictive for cardiovascular diseases, and which requires 
the presence of visceral obesity defined by the waist circumference combined 
with at least two other factors [13]. For Asian populations the new definition for 
the metabolic syndrome which includes the waist circumference is mentioned in 
Table 1.1 [11, 12, 14].

Methods to better quantify the absolute amount of adipose tissue and its 
location are either expensive or only feasible in the context of scientific 
research [9]. Examples of sometimes readily available methods are ultrasonog-
raphy, body impedance analysis (BIA), computed tomography (CT), magnetic 
resonance imaging (MRI) and dual-energy X-ray absorptiometry (DEXA). 
Magnetic resonance spectroscopy allows the determination of fatty tissues in 
liver and muscle. Hydrodensitometry and isotope dilution and neutron activa-
tion methods are mainly available for scientific purposes and the same holds 
true for position emission tomography (PET) method to demonstrate brown 
adipose tissue.

1.3	 �Pathogenesis of Comorbidities

Treatment of obesity is more than a reduction of excess fat; it is also the treatment 
of obesity’s comorbidities. To better understand the pathogenesis of these comor-
bidities, both the mechanical load by the excess body mass and the role of the adi-
pose tissue itself should be taken into consideration.

Adipose tissue is no longer considered to be an inert tissue. Brown adipose tis-
sue, being found principally in neonates but also in the neck-scapular region in 
adults with distinct differences between normal-weight and obese individuals, is 
mainly involved in the temperature regulation [22–24]. When exposed to cold, for 
instance 16 °C, the energy expenditure increases by approximately 160 kcal per day 
and this is likely through brown adipose tissue thermogenesis [23, 24]. White adi-
pose tissue is now considered to constitute an endocrine organ in its own right, 
being an important mediator of metabolism and inflammation [25, 26] (Fig. 1.3). It 
secretes adipokines which are divided into hormone-like adipokines such as leptin, 
resistin, adiponectin, visfatin, apelin, vaspin, hepcidin, chemerin, omentin and 
angiopoietin-like peptide 4, and inflammatory cytokines, which include tumour 
necrosis factor alpha (TNF-α), interleukins such as interleukin-1 (IL-1), IL-6 and 
IL-10, plasminogen activator protein (PAI) and monocyte chemoattractant protein-1 
(MCP-1).

1.3  Pathogenesis of Comorbidities
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These adipokines and cytokines are involved in energy homeostasis, adipocyte 
differentiation and insulin sensitivity, and thereby have their effect on metabolism. 
They also exert their influence on inflammation through pathways of inflammatory 
control, cardiovascular protection, angiogenesis and vascular inflammation. Some 
hormone-like adipokines and inflammatory cytokines, that are mentioned in a large 
number of studies, need some more detailed discussion [25, 26].

1.3.1	 �Hormone-Like Adipokines

Through the hypothalamus leptin modulates body weight, food intake and fat 
stores. High levels of leptin, related to the large fat mass in the obese, do not sup-
press the appetite because of resistance to the hormone due to leptin receptor 
signalling defects, downstream blockade in neuronal circuits and defects in leptin 
transport across the blood-brain barrier. Furthermore, leptin regulates pancreatic 
islet cell growth, growth hormone levels, immune homeostasis, haematopoiesis, 
angiogenesis, wound healing, osteogenesis and gastrointestinal function.

Adiponectin has anti-proliferative and anti-atherosclerotic properties and is an 
antioxidant by decreasing reactive oxygen; it augments endothelial nitrous oxygen 
production protecting the vasculature by vasodilation and reduced platelet aggre-
gation. Adiponectin concentrations are markedly declined in morbid obesity and a 
wide array of diseases such as stroke, coronary heart disease, insulin resistance, 
non-alcoholic fatty liver disease (NAFLD) and steatohepatitis (NASH), and many 
obesity-related cancers have been associated with decreased adiponectin levels.

Effects Pathways Involved adipokines and cytokines
Energy 
homeostasis

Leptin, IL-6, IL-1, IL-1Ra

Metabolism Adipocyte 
differentiation

TNF-α, MCP-1, IL-1, IL-1Ra, IL-6

Insulin sensitivity IL-1, IL-1Ra, IL-6, TNF-α
White
adipose
tissue  

Inflammatory 
control

IL-1, IL-1Ra, IL-6, IL-8, IL-9, IP-10, TNF-α, MCP-1, 
PAI, RANTES

Inflammation Cardiovascular 
protection/ Neo-
angiogenesis 

Adiponectin, IL-1, IL-1Ra, IL-10, VEGF, Leptin, TNF-α

Vascular 
inflammation

IL-8, IL-10, MCP-1, RANTES, Resistin

Fig. 1.3  The effects of white adipose tissue on metabolism and inflammation through different 
pathways with involved adipokines and cytokines [25, 26]. IL interleukin, TNF-α tumour necrosis 
factor-alpha, MCP-1 monocyte chemoattractant protein-1, PAI plasminogen activator inhibitory 
protein, RANTES regulated upon activation normal T-cell sequence, VEGF vascular endothelial 
growth factor, IP-10 interferon-gamma inducible protein 10
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1.3.2	 �Inflammatory Cytokines and Anti-inflammatory Factors

Inflammatory cytokines can be divided into adipocytokines (leptin, resistin, visfa-
tin, adiponectin), interferons (interferon gamma, beta), interleukins (IL-1, IL-5), 
haematopoietic factors, chemokines (IL-6, IL-10, MCP-1) and growth factors 
(TNF-α). TNF-α, IL-1 and IL-6 influence growth and immunity, and initiate inflam-
mation, apoptosis and cell division. Anti-inflammatory factors include anti-
inflammatory cytokines (IL-4, IL-10, tumour growth factor beta (TGF-β)), receptor 
antagonists (IL-1Ra), soluble receptors (IL-1RII, sTNFR, sIL-1R) and adipocyto-
kines (adiponectin).

Adding to the complexity is the fact that different fat depots in the body play 
secrete different sets of adipokines [25, 26] (Fig. 1.4). Whereas visceral adipose 
tissue can influence both systemic and local inflammatory processes, muscular fat 
deposits figure more prominently with insulin resistance. Perivascular fat can facil-
itate the development of atheromas and perirenal fat can contribute to hyperten-
sion. In contrast to lean subjects who have normal-sized adipocytes with normal 
numbers of macrophages with high adiponectin and low leptin levels, obese 
patients have large adipocytes, more macrophages in their adipose tissue and more 
apoptotic adipocytes with low adiponectin levels and high leptin levels, promoting 
atherosclerosis and decreased insulin responsiveness or insulin resistance in liver 
and muscle.

1.4	 �Decreased Life Expectancy and Mortality

Most of the curves depicting mortality in relationship to increasing BMI values 
show a J-shaped or U-shaped configuration with excess mortality at both extremes 
of BMI values, i.e. underweight defined by a BMI <18.5 and overweight/obesity 
defined by a BMI ≥25 kg/m2. Reverse causation explains the death at lower BMIs 

Location Secretion of Effects 
Visceral IL-8, IP-10, MCP-1, RANTES Local and systemic

inflammation 
Muscle TNF-α, FFA, IL-6 Insulin resistance

Local white adipose
tissue deposits 

Epicardial IL-6, IL-1b, TNF-α, MCP-1 Local inflammation and
chemotaxis 

Perivascular IL-1/ IL-1Ra, IL-6, IL-8, IP-10, MCP-
1, TNF-α, RANTES

Atherosclerosis and
systolic hypertension 

Kidney Reabsorption of sodium Increased vascular
volume, hypertension 

Fig. 1.4  Local effects of white tissue and their secretory products on metabolism and inflamma-
tion [25, 26]. IL interleukin, IP-10 interferon-gamma inducible protein 10, MCP-1 monocyte che-
moattractant protein-1, RANTES regulated upon activation normal T-cell sequence, TNF-α tumour 
necrosis factor-alpha, FFA free fatty acids
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as pre-existent chronic disease and inadequate control for smoking status can distort 
the true relation between body weight and risk of death. Smoking is associated with 
a lower BMI and an increased risk of death and pre-existing disease is linked to both 
decreased weight and increased risk of death. The studies that investigated the cause 
of death at low BMIs found mainly a higher mortality from non-cancer, non-
cardiovascular diseases such as acute or chronic respiratory diseases, infectious dis-
ease and injuries or a higher mortality from cardiovascular disease [21, 27–29]. 
Others have suggested that the higher mortality is a detrimental effect of a low BMI 
per se.

In the Framingham Heart Study (1948–1990) life expectancy and premature 
death before 70 years of age were measured in overweight and obese subjects [30]. 
Because of being overweight, 40-year-old female non-smokers lost 3.3 years and 
40-year-old male non-smokers lost 3.1 years of life expectancy and because of obe-
sity the lost years of life were 7.1 and 5.1 years, respectively. Obese women were 
115% more likely and obese men 81% more likely to die before age 70. Obese 
female smokers lost 7.2 years and obese male smokers lost 6.7 years when com-
pared with normal-weight 40-year-old smokers. The survival advantage by non-
smoking in the obese was rather small. Obese female smokers lost 13.3 years and 
obese male smokers lost 13.7  years when compared with normal-weight non-
smokers. So, the double burden of obesity and smoking resulted in losing 13–14 years 
of life expectancy. These data were confirmed in the large Prospective Studies 
Collaboration publication with a reduced life expectancy by 2–4  years at BMI 
30–35 and by 8–10 years at BMI 40–45 [28].

There are not many studies that investigated the effect of both overall and abdom-
inal adiposity. In the European Prospective Investigation into Cancer and Nutrition 
(EPIC) with a mean follow-up of 9.7 years in 359,387 subjects the lowest mortality 
was observed at a BMI of 25.3 for men and 24.3 for women and in smokers at a 
lower BMI of 24.5 for men and 23.9 for women [21]. After adjustment for BMI, 
relative risks (RR) for death in the highest quintile of waist (≥102.7 cm in males and 
≥89.0 cm in females vs., respectively, <86.0 and <70.1 cm) were 2.05 (95% confi-
dence interval 1.80/2.33) for men and 1.78 (1.56/2.04) for women. In the highest 
quintile of waist-to-hip ratio the relative risks of death were 1.68 (1.53/1.84) for 
men and 1.51 (1.37/1.60) for women. BMI remained significantly associated with 
the risk of death in models that included waist and waist/hip ratio. So, both general 
and abdominal adiposities are associated with an increased risk of death. For a given 
BMI an increase in waist by 5 cm increased the risk for death with 17% (1.15/1.20) 
among men and by 13% (1.11/1.15) among women. Similarly, by a given BMI an 
increase by 0.1 in WHR resulted in an increased death rate of 1.34 (1.28/1.39) for 
men and 1.24 (1.20/1.29) for women. Alarmingly, the associations of waist and 
WHR tended to be stronger in the lower BMI category: among men and women of 
normal weight the relative risks of death in the highest quintile of waist were, 
respectively, 2.06 (1.32/3.20) and 1.79 (1.39/2.31) and in the highest quintile of 
WHR, respectively, 1.79 (1.53/2.10) and 1.53 (1.34/1.75), again emphasising the 
fact that even normal-weight subjects may be at risk when a visceral fat distribution 
is present.
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The Prospective Studies Collaboration publication of 57 studies with almost 
900,000 adults gives more details about the effect of stepwise higher BMI values 
[28]. In both sexes the mortality was lowest at about BMI 22.5–25 kg/m2. Each 
5 kg/m2 higher BMI was associated with at least 5 mmHg higher systolic blood 
pressure and about 4 mmHg higher diastolic blood pressure; it was inversely associ-
ated with HDL cholesterol (0.16 mmol/L lower in males and 0.14 mmol/L lower in 
females) and therefore strongly positively related with the ratio of non-HDL to 
HDL (males 0.85, females 0.54 higher per 5 kg/m2). Moreover, each 5 kg/m2 higher 
BMI was on average associated with about a 30% higher overall mortality (hazard 
ratio (HR) per 5 kg/m2 1.29 (1.27/1.32)), a 40% higher vascular mortality (HR 1.41 
(1.37/1.45)), a 40% higher ischaemic heart mortality (1.39 (HR 1.34/1.44)) and a 
40% higher stroke mortality (HR 1.39 (1.31/1.48)). In the BMI range of 25–50 kg/
m2, BMI was associated with mortality due to heart failure (HR 1.86 (1.55/2.23)) 
and hypertensive disease (HR 2.03 (1.75/2.36)), but also with mortality due to dia-
betes (HR 2.16 (1.89/2.46)), renal disease (HR 1.59 (1.27/1.99)), hepatic disease 
(HR 1.82 (1.59/2.09)), neoplasia (HR 1.10 (1.06/1.15)) and respiratory diseases and 
lung cancer (HR 1.20 (1.07/1.34)). For several sites of cancer the hazard ratios were 
different according to age: for deaths at ages 60–89, cancers of the liver (HR 1.47 
(1.26/1.71)), kidney (1.23 (1.06//1.43)) and breast (1.15 (1.02/1.31)) were impor-
tant, and for death at 35–59  years these were cancer of the endometrium (1.38 
(1.08/1.77)), prostate (1.13 (1.02/1.24)) and large intestine only in males (1.29 
(1.18/1.40)).

The by far largest study published in 2016 by Aune et al. included 230 cohorts 
with 30.3 million participants and almost 3.8 million deaths [6]. The lowest risk was 
a BMI of 23–24 in never smokers, 22–23 in healthy never smokers and 20–22 in 
never smokers with ≥20 years of follow-up. The summary relative risk for all-cause 
mortality per 5 unit increase in BMI was 1.05 (1.04/1.07) for all participants (228 
cohort studies). Due to the large number of participants they could stratify for risk 
of smoking and several specific causes of early death in the first 1–6 years after 
inclusion in the study. By doing so they found a summary relative risk per 5 unit 
increase in BMI of 1.18 (1.15/1.21) for never smokers (53 cohorts), 1.21 (1.18/1.25) 
for healthy never smokers (26 cohorts) and 1.27 (1.21/1.33) for healthy never smok-
ers with exclusion of early follow-up (11 studies). Their data were at variance with 
another large study by Flegal et al., a meta-analysis of 97 cohort studies with 2.88 
million individuals and more than 270,000 deaths [31]. Flegal et al. found summary 
hazard ratios of death of 0.94 (0.90/0.97), 0.97 (090/1.04) and 1.34 (1.21/1.47) for 
BMI categories of 25–30, 30–35 and ≥35, respectively, suggesting a protective 
effect of overweight on mortality and only severely obese people being at increased 
risk of mortality. There are two possible explanations to clarify this discrepancy. 
Flegal et al. defined a normal weight by a wide range of BMI 18.5–24.9 kg/m2 and 
used statistical adjustments for smoking and prevalent disease while in the study of 
Aune et al. stratification for and/or exclusion of smokers and prevalent disease is a 
more powerful tool but this needs obviously large cohorts [15].

Two other large cohorts were also able to exclude the group of smokers and 
found data that agreed with the study by Aune et al. The NHI–AARP (National 
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Institute of Health–American Association of Retired Persons) Diet and Health 
Study (527,265 participants) found relative risks of death in class I, II and II obe-
sity in non-smoking males of 1.96, 2.46 and 3.82, respectively, and in non-smok-
ing females of 1.99, 2.57 and 3.79, respectively, when compared with a BMI of 
23.5–24.9 [32]. In the National Cancer Institute (NCI) Cohort Consortium with 
1.46 million white adults, Berrington de Gonzalez et al. excluded patients with 
smoking and impaired health status [29]. Hazard ratios for death due to over-
weight were 1.11 (1.07/1.16) for males and 1.13 (1.09/1.16) for females when 
compared with a BMI 22.5–24.9 as the reference group. In the BMI classes of 
30–34.9, 35–39.9 and 40–49.9 hazard ratios of 1.44, 1.88 and 2.51 in women and 
1.44, 2.06 and 2.93 for men were reported. Per 5 unit increase in BMI the all-
cause mortality HR was 1.31 (1.29/1.33) over the wide BMI range of 25.0–
49.9 kg/m2.

1.4.1	 �Mortality: All-Cause and Disease-Specific Causes

Obesity is associated with an increase in all-cause mortality and life expectancy is 
reduced. The impact of obesity on mortality is less in subgroups where competing 
causes of death are increased such as in elderly and smokers [33]. Flegal et  al. 
combined the data of the three National Health and Nutrition Examination Surveys 
(NHANES) in the USA and grouped the causes of deaths into three categories: 
cardiovascular, cancer and all other (non-cardiovascular, non-cancer) [27]. Cancer 
was further divided into lung cancer; obesity-related cancers such as colon, breast, 
oesophagus, uterine, kidney, ovarian and pancreas cancer; and other cancers. 
Obesity was associated with increased all-cause mortality and with increased 
excess deaths from cardiovascular, coronary heart and non-coronary heart disease 
(including stroke), from obesity-associated cancers and from the combined pres-
ence of diabetes and kidney disease. Overweight was associated with a decreased 
all-cause mortality with only an increased mortality from diabetes and kidney dis-
ease combined, but a decreased mortality from non-cardiovascular, non-cancer 
disease causes and not associated with cancer and cardiovascular mortality. Similar 
findings were reported by Berrington de Gonzalez et  al. in the NCI Cohort 
Consortium with overall higher risks for death from cardiovascular disease than for 
death from cancer [29]. For cardiovascular death these hazard ratios were 1.82 
(1.69/1.93) for BMI 30–34.9, 2.63 (2.40/2.88) for BMI 35–39.9 and 3.56 (3.12/4.04) 
for BMI 40–49.9 kg/m2. Hazard ratios for cancer death were 1.34 (1.27/1.42), 1.47 
(1.34/1.61) and 1.70 (1.48/1.96) in the respective BMI categories. In the European 
EPIC study significant relative risks were present only for circulatory causes of 
death in males and females in class I obesity (RR 1.62 (1.38/1.90) and RR 1.31 
(1.07/1.61), respectively) and for circulatory cause of death in those with a BMI 
≥35 in males and females (RR 2.70 (2.13/3.42) and RR 2.27 (1.78/2.90), respec-
tively), followed by death due to neoplastic disease only in women (RR 1.38 
(1.14/1.68)) [21].
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1.4.2	 �Population Attributable Fraction

The population attributable risk of overweight or obesity is an estimate of the per-
centage of premature death or occurrence of a disease in the cohort that would not 
have occurred if all persons had been of normal weight at the same age. Excess 
weight accounted for approximately 7.7% of all premature deaths among men and 
11.7% among women [32]. It accounted for 18.1% of premature deaths among non-
smoking men and 18.7% among non-smoking women [32].

Cardiovascular mortality accounted for 37% of adult deaths in the USA in 2004 
[27]; 13% of total CVD mortality was associated with obesity (BMI >30). Cancer 
accounted for 24% of total deaths in the USA [27]. Flegal et al. found no to little 
association of BMI categories to excess all-cancer mortality [27]. When they divided 
cancers into lung cancer (29% of death of all cancers), obesity-associated cancers 
(32% of all cancer deaths) and other cancers (40% of cancer deaths) it appeared that 
obesity was significantly associated with 11% of death from cancers considered to 
be obesity related. Calle et al. estimated that 4.3% of all cancer deaths in men and 
14.3% of all cancer deaths in women were associated with obesity in the large 
Cancer Prevention Study [8]. The WHO emphasized that 44% of the diabetes bur-
den, 23% of the ischaemic heart disease burden and 7–41% of certain cancer bur-
dens are attributable to overweight and obesity [2]. In Europe about 80% of cases of 
type 2 diabetes, 35% of ischaemic heart disease and 55% of hypertensive disease 
among adults are attributable to overweight and obesity [4].

1.4.3	 �Current Developments

There are currently both negative and positive developments. Oldhansky et  al. 
reported a potential decline in life expectancy in the USA in the twenty-first cen-
tury [34]. They calculated that the life expectancy at birth would be higher in white 
men with obesity grade I (BMI >30) by 0.33 years and in white men with obesity 
grade II (BMI >35) by 0.93 years, if subjects would decrease to a BMI of 24. The 
years gained would be 0.30 and 0.81 years, respectively, for white females; 0.30 
and 1.08 years, respectively, for black males; and 0.21 and 0.73 years, respectively, 
for black females. But the current negative effect of obesity of 1/3 to 3/4 of a year 
life shortening could rise to 2–5 years as the prevalence of obesity among adults, 
and especially among children, is increasing and obese children will carry and 
express obesity-related risks for more years of their lifetime than previous 
generations.

On the other hand, a recent analysis in three Danish cohorts (the Copenhagen 
City Heart study 1976–1978 (n  =  13,704) and 1991–1994 (n  =  9482), and the 
Copenhagen General Populations Study 2003–2013 (n = 97,362)) discovered that 
the BMI associated with the lowest mortality increased from 23.7 in 1976–1978 to 
24.6 in 1991–1994 to 27.0 in 2003–2013, thus an increase by 3.3 BMI units over 
three decades [35]. The corresponding BMIs for cardiovascular disease mortality 
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were 23.2, 24.0 and 26.4 and the BMIs for other mortalities 24.1, 26.8 and 27.8. 
Analysis of BMI categories against the normal BMI category of 18.5–25 showed 
decreased risks of all-cause mortality from 1.04 in 1976–1978 and 0.97 in 1991–
1994 to 0.86 in the 2003–2013 cohort. The adjusted hazard ratio for all-cause mor-
tality for a BMI of 30 or greater against BMI 18.5–25 changed from 1.31  in 
1976–1978 to 1.13 in 1991–1994 and to 0.99 in 2003–2012. The researches pro-
vided a potential explanation for the secular trend. They suggested that the improve-
ment of treatment of cardiovascular risk factors or complicating disease has reduced 
mortality in all weight classes but that these effects may have been greater with 
subjects at higher BMI levels where hypertension, diabetes and dyslipidaemia place 
individuals more at risk. Decreased smoking and increased physical activity may 
also have improved the general health of the population.

In certain circumstances overweight and moderate obesity are not associated 
with increased mortality, a fact known as the obesity paradox. Especially in the 
intensive care, the obesity paradox has gained increasing interest: here patients with 
a BMI between 30 and 40 showed an even lower mortality (relative risk 0.83 
(0.74/0.92)) compared with normal-weight subjects, suggesting that increased 
nutritional reserves are advantageous to survive the intensive care [36].

1.5	 �Comorbidities in General

Obesity is associated with many comorbidities which relate to weight-bearing influ-
ences on bones, joints, ligaments and muscles and respiratory function, to metabolic 
and hormonal disturbances, cumulating in life-threatening diseases or decreased 
quality of life as presented in the obesity web (Fig. 1.2). Obesity is a major risk fac-
tor for type 2 diabetes mellitus (T2DM) with a 10- to 20-fold increased risk in those 
with a BMI ≥35 kg/m2 [33]. It is also associated with hypertension and cardiovas-
cular disease and in men with hypercholesterolaemia and stroke. Obesity is also 
predictive of diseases that cause serious morbidity such as osteoarthritis and sleep 
apnoea. The other major disease group associated with BMI is cancer with a dose-
response relationship between the risk of cancer and BMI. Obesity is also a key 
factor for the metabolic syndrome (MetS) characterised by dyslipidaemia, hyperin-
sulinaemia, diabetes and hypertension (Table  1.1). Guh et  al. tried to assess the 
importance of 20 comorbidities in a meta-analysis comprising 89 relevant studies 
from Europe, North America, Australia and New Zealand and they included only 
prospective cohort studies [37]. This meta-analysis was unique to the many previ-
ous systematic reviews and meta-analyses because they recognised the fact that (1) 
most studies used BMI and abdominal obesity defined by waist circumference  
might be a better predictor of many cardiovascular diseases and T2DM, and (2) 
many studies found associations defined per unit change in BMI of per cm change 
in waist while now BMI and waist were categorised by overweight (BMI 25–29.9 kg/
m2 and waist ≥80  cm for females and ≥94  cm for males) and by obesity (BMI 
≥30 kg/m2 and waist ≥88 cm for females and ≥102 cm for males). They found 
evidence for 18 comorbidities but not for sleep apnoea and dyslipidaemia (Table 1.2). 
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Statistically significant associations were found for the incidence of T2DM; all can-
cers except oesophageal (female), prostate and pancreas cancer; all cardiovascular 
diseases (except congestive heart failure); asthma; gallbladder disease; osteoarthri-
tis and chronic back pain (Table 1.2). Overweight and obesity were very strongly 
associated with diabetes (RR 3.92 (3.10/4.97) and 12.41 (9.03/17.06)), 
respectively.

Table 1.2  Meta-analysis of comorbidities related to defined criteria of overweight BMI (BMI 
25–29.9 kg/m2) and obesity BMI (BMI ≥30 kg/m2) and to overweight waist measures (≥80 cm for 
females and ≥94 cm for males) and obesity waist measures (≥88 cm for females and ≥102 cm for 
males) [37]. Relative Risks with 95% Confidence Intervals are given 

Comorbidity
No. of 
studies

RR overweight 
BMI RR obese BMI

RR 
overweight 
waist

RR obese 
waist

Breast cancer 
postmenopausal

14      F 1.08 (1.03/1.14) 1.13 (1.05/1.22) 1.13 
(1.01/1.07)

1.30 
(1.17/1.44)

Endometrial 
cancer

10      F 1.53 (1.45/1.61) 3.22 (2.91/3.56) 1.15 
(1.02/1.30)

1.42 
(0.80/2.49)

Ovarian cancer 9        F 1.18 (1.12/1.23) 1.28 (1.20/1.36) 0.61 
(0.35/1.08)

1.35 
(0.95/1.93)

Colorectal 
cancer

12     M

         F

1.51 (1.37/1.67)

1.45 (1.30/1.62)

1.95 (1.59/2.39)

1.66 (1.52/1.81)

1.88 
(1.47/2.41)
1.25 
(0.98/1.59)

2.93 
(2.31/3.73)
1.55 
(1.27/1.88)

Oesophageal 
cancer

1      M
        F

1.13 (1.02/1.26)
1.15 (0.97/1.36)

1.21 (0.97/1.52)
1.20 (0.95/1.53)

Kidney cancer 5      M
        F

1.40 (1.31/1.49)
1.82 (1.68/1.98)

1.82 (1.61/2.05)
2.61 (2.39/2.90)

Pancreatic 
cancer

6      M
         F

1.28 (0.94/1.75)
1.24 (0.98/1.56)

2.29 (1.65/3.15)
1.60 (1.17/2.20)

Prostate cancer 8       M 1.14 (1.00/1.31) 1.05 (0.85/1.30)
T2DM 9      M

         F

2.40 (2.12/2.72)

3.92 (3.10/4.97)

6.74 (5.55/8.19)

12.41 
(9.03/17.06)

2.36 
(1.76/3.15)
3.40 
(2.42/4.78)

5.67 
(4.46/7.20)
11.1 
(8.23/14.96)

Hypertension 4      M 1.28 (1.10/1.50) 1.84 (1.51/2.24)
          F 1.65 (1.24/2.19) 2.42 (1.59/3.67) 1.38 

(1.27/1.51)
1.9 
(1.77/2.03)

Stroke 7      M
         F

1.23 (1.13/1.34)
1.15 (1.00/1.32)

1.51 (1.33/1.72)
1.49 (1.27/1.74)

CAD 11   M

        F

1.29 (1.18/1.41)

1.80 (1.64/1.98)

1.72 (1.51/1.96)

3.10 (2.81/3.43)

1.41 
(1.16/1.72)
1.85 
(1.41/2.36)

1.81 
(1.45/2.25)
2.68 
(2.05/3.53)

Congestive 
heart failure

4     M
        F

1.31 (0.96/1.79)
1.27 (0.68/2.37)

1.79 (1.24/2.59)
1.78 (1.07/2.95)

Asthma 4     M
        F

1.20 (1.08/1.33)
1.25 (1.05/1.49)

1.43 (1.14/1.79)
1.78 (1.36/2.32)

(continued)

1.5  Comorbidities in General



18

1.6	 �Symptoms and Comorbidities More Specifically Related 
to the Gastrointestinal Tract

Many of the comorbidities associated with obesity rely to the gastrointestinal tract 
such as gastro-oesophageal reflux disease (GORD) and its complications, gallblad-
der stones and pancreatitis, colon polyps and colorectal cancer, liver diseases such 
as non-alcoholic fatty liver disease (NAFLD) and non-alcoholic steatosis hepatitis 
(NASH), and gastrointestinal tract cancers. Most of these comorbidities will change 
favourably by body weight reduction and the way this weight reduction is achieved 
will not impact them, with GORD presumably being an exception. As GORD and 
its complications are also the most prevalent diseases, this chapter focuses exten-
sively on GORD and its complications of erosive oesophagitis, Barrett’s oesopha-
gus and oesophageal and gastro-oesophageal junction adenocarcinoma. Also, the 
liver manifestations of obesity with non-alcoholic fatty liver disease (NAFLD) and 
its progression to non-alcoholic steatohepatitis (NASH) are discussed at length with 
an eye to increased needs for liver transplantation in the future. The subchapter of 
gastro-oesophageal tract malignancies will discuss the cancers in a more general 
perspective as far as these have not been discussed in detail in the preceding 
paragraphs.

But before discussing the obesity-related gastrointestinal diseases: what is the 
relationship between GI complaints and BMI?

1.7	 �Symptoms Related to the Gastrointestinal Tract

The perception of sensations arising from the GI tract may be diminished in obese 
subjects and thus facilitate overeating. On the other hand, altered food habits, such 
as skipping meals, binge-eating, periods of excess food intake and periods of food 

Table 1.2  (continued)

Comorbidity
No. of 
studies

RR overweight 
BMI RR obese BMI

RR 
overweight 
waist

RR obese 
waist

Chronic back 
pain

1 1.59 (1.34/1.89) 2.81 (2.27/3.48)

Osteoarthritis 3     M
        F

2.76 (2.05/3.70)
1.80 (1.75/1.85)

4.20 (2.76/6.41)
1.96 (1.88/2.04)

Pulmonary 
embolism

1 1.94 (1.39/2.64) 3.51 (2.61/4.73)

Gallbladder 
disease

4    M

       F

1.09 (0.87/1.37)

1.44 (1.05/1.98)

1.43 (1.04/1.96)

2.32 (1.17/4.57)

1.63 
(1.42/1.88)

2.51 
(2.16/2.91)

T2DM type 2 diabetes mellitus, CAD coronary artery disease, RR relative risk, F females, M males
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restriction, may induce changes in GI function and thereby produce upper and lower 
GI symptoms. Two studies investigated gastrointestinal symptoms by validated 
questionnaires such as the Gastro-Oesophageal Reflux Questionnaire and the Bowel 
Disease/Symptom Questionnaire in a large cohort [38, 39] (Table 1.3). In the first 
cohort, consisting of residents of the Olmsted County (N = 1963) with 51% females 
and with at least 53% of subjects ≥50 years of age, the prevalence of overweight 
was 42.5% [38]. Obesity was present in 23% and severe obesity in 2% of cases. 
There was a positive relationship between BMI and frequent vomiting, upper 
abdominal pain, bloating and diarrhoea. The prevalence of frequent lower abdomi-
nal pain, nausea and constipation was increased among obese subjects, without a 
significant association between the BMI and these symptoms. The second cohort 
was a much younger group of 980 26-year-old subjects (47.9% females) [39]. 
Comorbidities and use of medication were unlikely to be a confounder given the 
young age group. The prevalence of overweight was 30% and that of obesity 12%; 
severe obesity was not present. Overweight was negatively associated with abdomi-
nal pain and constipation (odds ratio (OR) 0.4). Diarrhoea (>3 stools/day, loose 
stools, urgency) was associated with obesity (OR 1.8) as was abdominal pain com-
bined with nausea and vomiting (OR 2.0). IBS and reflux were not associated with 
obesity and the waist/hip circumference ratio was not associated with GI symptoms. 
In these two cohorts, no information was available about the presence of GI lesions 
or diseases. A cross-sectional survey in Australia in adults yielded similar results on 
diarrhoea (OR 1.4) and abdominal pain (OR 1.3) [40]. However, a study in US sub-
jects recruited for a study on weight loss medication differed from the previously 
mentioned three studies in a lesser symptomatology of diarrhoea and abdominal 
pain (OR 1.04 and 1.03, respectively) [41].

In a representative Swedish population 2122 individuals completed the vali-
dated abdominal symptom questionnaire on 27 troublesome GI symptoms [42]. 

Table 1.3  Studies evaluating gastrointestinal symptoms from questionnaires in patients with obe-
sity; only significant associations are presented

Author and year

Number of 
patients and 
country

Adjustment in 
analysis

Associations of obesity with 
symptoms: odds ratio with 95% 
confidence interval

Delgado-
Aros’04 [38]

1963, USA Age, gender, 
alcohol, smoking, 
psychosomatism

Diarrhoea OR 2.7 (1.1/6.8)
Vomiting OR 6.7 (2.7/26.6)
Upper abdominal pain OR 3.7 
(1.0/13.3)

Talley’04 [39] 980, New 
Zealand

Gender Diarrhoea OR 1.81 (1.12/2.91)
Vomiting OR 2.04 (1.12/2.90)

Talley’04 [40] 777, Australia Age, gender, 
alcohol, smoking, 
education

Diarrhoea OR 1.41 (1.14/1.74)
Upper abdominal pain OR 1.29 
(1.03/1.61)

Levy’05 [41] 983, USA Age, gender Diarrhoea OR 1.04 (1.02/1.07)
Abdominal pain OR 1.03 (1.00/1.05)
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These reports could be coupled to findings on upper GI endoscopy in 1001 of these 
responders. Their mean age was 53.5 years and 51% were women. Overweight was 
present in 46% and obesity in 16%. There were significant associations between 
obesity and symptoms such as gastro-oesophageal reflux, vomiting, nocturnal 
urgency and diarrhoea (OR varying between 2.0 and 3.1) and epigastric or any 
abdominal pain, irritable bowel symptoms, retching, incomplete rectal evacuation 
and any stool urgency (OR between 1.58 and 1.63). Gastric ulcer was present in 
1.4% of normal-weight, 1.3% of overweight and 5.6% of obese subjects; for duo-
denal ulcer these figures were 1.9%, 2.0% and 2.5%, respectively. Oesophagitis 
was present in 9.3 of normal-weight, 16.7 of overweight and 26.5% of obese sub-
jects. When patients with oesophagitis were excluded from the analysis, only vom-
iting, diarrhoea and incomplete rectal evacuation remained associated with obesity 
(OR between 1.7 and 4.0) and the association with gastro-oesophageal reflux 
symptoms disappeared, meaning that gastro-oesophageal symptoms were largely 
explained by increased upper GI findings by endoscopy. Adjusting for medication 
did not alter the association between oesophagitis and BMI. A dose-response curve 
appeared to be present: the higher the BMI, the higher the gastro-oesophageal 
symptom score.

Dutta et al. compared 101 morbidly obese patients scheduled for Roux-en-Y 
gastric bypass with age- and sex-matched 101 non-morbidly obese patients and 
assessed the presence of symptoms of heartburn, regurgitation, dysphagia, nau-
sea, epigastric fullness, postprandial discomfort, belching and bloating [43]. 
They also performed upper gastrointestinal endoscopy and biopsies in both 
groups of patients. Morbidly obese patients suffered more from heartburn (32.6% 
vs. 18.8%, p 0.02) compared with the control group. Endoscopically, the preva-
lence of a hiatal hernia ≥2 cm was higher (38.6% vs. 13.8%, p < 0.001) and the 
frequency of gastritis identified by endoscopy and histology was higher (23.7% 
vs. 11.8%, p 0.02) without differences in Helicobacter pylori infection. However, 
data on the use of NSAIDs, aspirin and steroids were not available. This study 
suggests different mechanisms involved in the development of upper GI symp-
toms and disorders in morbidly versus non-morbidly obese patients, which may 
be relevant for the evaluation of patients referred for bariatric surgery. Impaired 
visceral sensation, likely to be ascribed to a dysfunction of the autonomic ner-
vous system, might explain the asymptomatic presence of endoscopic lesions 
[44]. The frequent use of proton pump inhibitors (PPIs) may also be an 
explanation.

As can be seen from Table 1.3, all studies reported a higher risk of diarrhoea and 
three studies reported increased vomiting and upper abdominal pain. Symptoms 
may be attributed to the size of the meal ingested leading to rapid gastric distension 
and vomiting [32]. Also, the rapid delivery of a meal into the small intestine with an 
increased osmotic load may explain the complaints. Furthermore, the cytokines and 
adipokines secreted by the adipose tissue may impact the gastrointestinal motility. 
As functional complaints have been related to an inflammatory insult to the gastro-
intestinal tract, obesity may therefore increase the risk of functional complaints by 
the release of pro-inflammatory cytokines [32].
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1.8	 �Comorbid Diseases Related to the Gastrointestinal Tract

Apart from the relevance of being symptomatic or not, the obesity-associated dis-
eases of the gastrointestinal tract are of clinical importance for both gastroenterolo-
gists and (bariatric) surgeons.

1.8.1	 �Oesophagus and Stomach

1.8.1.1	 �Gastro-Oesophageal Reflux Disease
Gastro-oesophageal reflux disease is a major problem, with a prevalence of 20% in 
Western countries. Over the last 20 years an increase by 4% per year was noticed in 
the Western world parallel to the doubling of the prevalence of obesity in that same 
period [45]. The parallel rise in GORD and obesity suggests a link between the two. 
A causal association between obesity and GORD-related disorders is suggested by 
these parallel secular trends, by consistent significant associations and compatible 
temporal associations and the suggestive dose-response relation found in many 
studies and associations found even in the normal range of BMI [46, 47].

Putative Causative Mechanisms
Obese patients often complain of gastro-oesophageal reflux with the main symp-
toms of heartburn and regurgitation. There are many putative mechanisms precipi-
tating gastro-oesophageal reflux in obese subjects that makes the notion of obesity 
as a cause of GORD biologically plausible [47–49].

Mechanical Mechanisms
	1.	 Increased intra-abdominal pressure (20–40 mmHg) with increased intragastric 

pressure and abdomino-thoracic pressure gradient over the cardia due to excess 
subcutaneous and intra-abdominal adipose tissue, which increases with increas-
ing BMI and waist circumference.

	2.	 Defective barrier function of the cardia or so-called incompetence of the cardia: 
Several mechanisms may lead to a defective barrier function such as stretching 
of the phrenico-oesophageal membrane that may adversely affect the lower 
oesophageal sphincter (LOS) by reducing the abdominal length of the sphincter, 
and an abnormal diaphragmatic pinch-cock and the presence of a hiatal hernia 
which facilitates gastro-oesophageal reflux by serving as a reservoir of gastric 
acid and by separating the LOS from the lengthening effect of the right crus of 
the diaphragm. Obese are more likely than lean subjects to have a hiatal hernia 
(40% vs. 12.6%) [48].

	3.	 Impaired LOS function: Reflux mainly occurs when the LOS is either fully 
relaxed or has a resting tone less than 2 mmHg. Diet may have a role in altering 
the LOS tone, such as a high-fat diet through effects of cholecystokinin on LOS 
function. The postprandial LOS tone may be lowered by chocolate and coffee 
by the presence of xanthines, by mint by the presence of carminatives and by 
alcohol. Another mechanism might be increased transient LOS relaxations 
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(TLOSRs), with a high incidence of acid exposure during TLOSRs, which can 
be induced experimentally by gastric distension, use of an intragastric balloon 
or ingestion of a large meal [50, 51].

	4.	 Dysmotility: Dysmotility of the oesophagus may impair the clearance of acid 
from the oesophagus; delayed gastric emptying induced by fatty meals or related 
to disturbances in glucose metabolism may favour reflux of acid material. 
Changes in hormones involved in gastric emptying, secondary to obesity, such as 
leptin, ghrelin and polypeptide Y (PYY), may play a role as well.

	5.	 Intake of medication with influence on LOS pressure and tone such as the intake 
of exogenous oestrogens.

Humoral Mechanisms
The response of the oesophageal mucosa to the gastro-oesophageal refluxed materi-
als is modified by humoral effects arising from the increased visceral fat. These 
humoral factors also govern the GORD-related complications such as erosive 
oesophagitis, Barrett’s oesophagus and oesophageal adenocarcinoma. Visceral fat 
secretes pro-inflammatory cytokines like TNF-α, IL-6 and IL-1β. Both IL-6 and 
TNF-α are overexpressed in oesophagitis and Barrett’s oesophagus and may poten-
tially increase the inflammation and hence the malignant transformation [47].

Role of General Adiposity and Visceral Adiposity
There has been a lot of discussion on the role of overweight and whether overweight 
may influence the tendency for acid reflux in a graded way or whether a threshold value 
exists above which overweight might be of importance and some authors found no 
significant correlation between body weight or BMI and abnormal pH measurements 
[52, 53]. This discussion was fuelled by discrepancies between textbook recommenda-
tions and disappointing findings during weight loss in overweight patients [54].

It should, however, be recognised that the ideal study with data on GORD symp-
toms by validated scale scores, endoscopy to diagnose oesophagitis and presence of 
a hiatal hernia, manometry and pH measurements in a large number of individuals 
with both measures of total body fat (BMI) and central fat (waist measures) within 
a limited time frame does not (yet) exist.

One of the few studies available examined patients referred for GORD symp-
toms, with negative endoscopy and negative Helicobacter pylori (Hp) by manome-
try and 24-h pH measurements and had data on BMI [49]. This study proved that 
most but not all of the association between BMI and acid exposure was due to 
mechanical disturbances as described above. They mimicked their findings by a 
constricting abdominal belt in healthy volunteers. In a similar study with the new 
and sensitive technology of intraluminal high-resolution manometry and pH mea-
surements in subjects with intra-abdominal fat and by placing a waist belt, Lee et al. 
showed that waist belt and intra-abdominal fat caused a partial hiatus hernia and 
short-segment acid reflux [55].

On the other hand, Anggiansah et al. could only partly confirm the mechanical 
theory in patients with typical GORD symptoms, assessed by validated question-
naires, by manometry and pH measurements, but in their study data on endoscopy, 
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H. pylori status and presence of a hiatal hernia were lacking [56]. Oesophageal acid 
exposure increased with waist and BMI and was also associated with lower LOS 
pressure (LOSP), reduced abdominal LOS length and peristaltic dysfunction (lower 
contractile amplitude of the lower oesophagus). BMI correlated negatively with 
LOSP but not LOS length and waist correlated negatively with both LOS pressure 
and abdominal length, consistent with the mechanical hypothesis. In multivariate 
analysis, correction for the manometric findings maintained the significant relation 
between obesity (BMI and waist) and acid exposure, but also showed an indepen-
dent effect of oesophageal dysfunction on acid exposure, which is not in agreement 
with a pure mechanical hypothesis. GORD has been associated with abdominal 
obesity through increased intra-abdominal pressure, frequent TLOSRs, increased 
risk of hiatal hernia and oesophageal acid exposure.

In a large cohort study of 728 subjects undergoing oesophagogastroduodenos-
copy (OGD) and having visceral (VAT) and subcutaneous adipose tissue (SAT) 
measurements by computer tomography (CT), 65 (8.9%) had erosive oesophagitis 
[57]. The patients with erosive oesophagitis were predominantly female. Compared 
with controls, they had a higher body mass index, metabolic syndrome prevalence, 
triglyceride levels and blood pressure. On OGD, hiatal hernia was also more preva-
lent. The mean VAT/SAT ratio was higher in the erosive oesophagitis group than in 
the non-erosive oesophagitis group (1.30 vs. 0.92). The results of the multivariate 
logistic regression analysis demonstrated that hiatal hernia, VFA/SFA ratio ≥1.165 
and high triglyceride level were independent risk factors for erosive oesophagitis. 
Hiatal hernia was associated with a 12.9 times increased risk of erosive oesophagitis 
(OR 12.90 (3.57/46.65)). Similarly, a VFA/SFA ratio ≥1.165 was a significant risk 
factor for erosive oesophagitis (OR 2.04 (1.18/3.51)). The severity of the oesopha-
gitis was positively correlated with the VFA/SFA ratio and visceral fat volume. The 
risk of Los Angeles (LA) oesophagitis types LA-A, LA-B and LA-C/LAC-D 
increased 1.23-fold, 1.27-fold and 1.56-fold, respectively. So, a VFA/SFA ratio 
≥1.165 might be a useful indicator for predicting the presence and severity of ero-
sive oesophagitis.

Yet, others performed manometry and/or pH measurements in obese and morbidly 
obese subjects referred for bariatric surgery and clearly found abnormalities [57, 58]. 
Comparison of an obese (BMI >30 kg/m2) with a normal-weight group (BMI <25 kg/
m2) showed a clear dose-response relationship: per unit BMI increase there were 2.76 
more acid reflux episodes postprandially and 1.89 more minutes with a pH <4 post-
prandially [59]. There were 0.8 more episodes of acid reflux per kg weight and 0.85 
more acid reflux episodes per cm of waist postprandially. A BMI >30  kg/m2 was 
associated with a 2.5-fold increased likelihood of having an abnormal DeMeester 
score (2.53 (1.18/5.41)). However, when waist circumference was included in the 
same model, the association between BMI >30 and oesophageal acid exposure 
became attenuated, indicating that the waist circumference may mediate a large part 
of the effect of obesity on oesophageal acid exposure. Ayazi et al. examined retrospec-
tively the relationship between BMI, manometry and 24-h pH findings in 1659 symp-
tomatic patients and found that 13% of the variability in the DeMeester composite 
score of the 24-h pH measurement was explained by variability in BMI [60]. Each 
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unit increase of BMI was associated with an increased proportion of the total oesopha-
geal exposure time at pH <4 of 0.35% and increased postprandial exposure time at pH 
<4 of 0.48% and an increased composite score by 1.46 points. The association between 
BMI and oesophageal acid exposure was stronger during supine periods compared 
with being upright. Also, overweight and obese compared to normal weight subjects 
had an increased risk of 1.69 (1.32/2.16) and 2.12 (1.623/2.747) of having a defective 
LOS, without any influence by age or sex. Even in those without a manometrically 
assessed hiatal hernia the OR was 2.36 (1.93/2.89).

Some have found an increased risk of GORD in obese women, with the sugges-
tion that humoral factors should also be considered as a mechanism relating obesity 
to reflux. Two studies from the same group in Sweden reported on oestrogens con-
sidered as a mechanism relating obesity to reflux [61, 62]. One study showed a 
significant association between obesity and oesophagitis in women, which was 
potentiated by the use of oestrogens (oestrogen-only hormone replacement therapy 
(HRT)) by postmenopausal women. Oestrogen increases the synthesis of nitric 
oxide, a vasodilator leading to smooth muscle relaxation that can include the 
LOS. The second larger study found that overweight men and women had a similar 
increased risk of GORD symptoms. However, obese women compared to men had 
an increased risk of GORD symptoms, with a highest risk both in premenopausal 
women and in postmenopausal women using oestrogen replacement therapy. They 
also found that a weight gain of 3.5 kg/m2 was associated with a 2.7-fold (2.3/3.2) 
increased risk for developing new symptoms. Also, the increased rates of GORD in 
pregnant patients have been attributed to increased sex hormone levels but may in 
fact be due to an increased transmitted gastric pressure from the enlarged uterus.

A substantial barrier in GORD studies is the imperfect association between 
GORD symptoms and acid reflux; people with severe symptoms may have little 
acid damage and patients with severe damage may have little symptoms. Therefore, 
Nocon et  al. studied the relationship between severity of symptoms and BMI in 
6215 patients with clinically assessed GORD [63]. A higher BMI was associated 
with more severe symptoms especially regurgitation, which were twice as likely in 
women and men, and heartburn being 50% more likely with more frequent reflux 
symptoms and oesophagitis. Obese women but not men had increased risk for 
severe oesophagitis compared to women with normal weight (OR 2.5 (1.53/4.12)) 
probably due to an increased oestrogen activity.

Meta-Analyses and Cohort Studies
Two meta-analyses, which found positive correlation between obesity and GORD, 
questioned their outcomes because of the significant degree of heterogeneity [64, 
65]. Hampel et al. performed a meta-analysis in 2005. Nine studies examined the 
relationship between GORD, based on validated questionnaires and/or endoscopic 
findings, and BMI.  Six studies showed a statistically significant association and 
three studies did not. Adjusted odds ratio for GORD symptoms was 1.43 among 
overweight and 1.94 for obese persons. Erosive oesophagitis was investigated in 
seven studies and in six studies, the adjusted odds ratio for erosive oesophagitis was 
1.76 (1.156/2.677) for a BMI ≥25  kg/m2. Seven studies examined total calorie 
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intake and dietary fibre, fruits and vegetables and found the effect of BMI on 
GORD-related disorders to be independent of dietary intake. The second meta-
analysis by Corley and Kubo decided to stratify the studies by country of origin 
[65]. An evaluation of all studies did not demonstrate a consistent association 
between elevated BMI and GORD. Homogeneous results for seven studies from the 
USA demonstrated a rising prevalence of GORD with increasing BMI with an OR 
1.57 (1.36/1.80) for overweight and an OR 2.15 (1.89/2.45) for obesity. The eight 
studies from Europe were too heterogeneous and the five studies from outside 
Europe and the USA were very inconsistent.

A large cohort study in 80,110 subjects revealed gastro-oesophageal reflux 
symptoms in 11% and tried to correlate BMI and abdominal diameter with gender 
and ethnicity [66]. They found abdominal diameter to be an independent factor for 
gastro-oesophageal reflux symptoms in whites without a gender difference and 
much of the observed association between BMI and gastro-oesophageal reflux 
symptomatology to be mediated through the abdominal diameter. Abdominal diam-
eter adjusted for BMI increased the risk for symptoms in white (OR 1.85 (1.55/2.21)) 
but not in black and Asian people. In Caucasian but not in Asian people the abdomi-
nal diameter was consistently associated with gastro-oesophageal reflux symptoms. 
The increased risk with no adjustment for BMI was even greater (OR 2.68 
(2.33/3.08)) and also the risk of increasing BMI on symptoms was greater in the 
white. The attributable fractions among white subjects for a BMI ≥25 versus BMI 
<25 kg/m2 and an abdominal diameter of ≥18 cm versus <18 cm were 16.5% and 
15.1%, respectively, and among blacks these were 11.9% and 6.5%. In Asians these 
were not significant.

In the Nurses’ Health Study an association between GORD and increasing BMI 
was found which was not influenced by the WHR [46]. This difference is due to the 
characteristics of the WHR used: a large waist and a large hip have the same ratio as 
a small waist and a small hip, whereas in the previous study the absolute abdominal 
diameter and thus a large abdominal size were measured [66].

What Is the Natural History of GORD?
Longitudinal studies are scarce. The only one available with a large number of sub-
jects is the study by Lee et al. in 3669 subjects who underwent frequent endoscopy 
during the three periods, separated by 528, 392 and 352 days [67]. At the time points 
1.2, 14.9 and 17.9% progressed from non-erosive to erosive oesophagitis whereas 
42.5, 37.7 and 34.6% regressed from erosive into non-erosive oesophagitis. Being 
male (RR 4.31 (3.22/5.75)), being a smoker (RR 1.20 (1.03/1.39)) and having the 
metabolic syndrome (RR 14.75 (1.29/2.38)) independently increased the likelihood 
of progression from a non-erosive into an erosive oesophagitis and/or lowered the 
likelihood of disease regression. Short-term use of acid suppression raises the likeli-
hood of disease regression (RR 0.54 (0.39/0.75)).

1.8.1.2	 �Barrett’s Oesophagus
Although, generally speaking, GORD symptoms are equally distributed over ethnic 
groups and sexes, oesophagitis, Barrett’s oesophagus and oesophageal 
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adenocarcinoma appear to be dominated by white men of Caucasian origin [47]. 
Men have a twofold higher risk than women and Caucasians have a fivefold higher 
risk than African-Americans. Barrett’s oesophagus is a metaplastic change from the 
squamous epithelial lining to a specialised columnar epithelial lining, also called 
specialised intestinal metaplasia (SIM), the key feature of a Barrett’s oesophagus 
and the only known precursor lesion of oesophageal adenocarcinoma. Persons with 
Barrett’s oesophagus have a 30- to 40-fold increased risk of oesophageal adenocar-
cinoma through the sequence of Barrett’s metaplasia → dysplasia → adenocarci-
noma but the progression of Barrett’s oesophagus to oesophageal adenocarcinoma 
is low, at a rate of 0.2–3.5% per year. GORD is associated with and probably directly 
contributes to Barrett’s oesophagus. It is not clear whether obesity alone indepen-
dent of GORD also plays a role. The association between obesity and Barrett is 
mixed with an increase of Barrett’s oesophagus with increasing BMI, increased risk 
with increasing BMI only in patients with GORD or no association at all with 
BMI. Abdominal diameter appears to be a risk factor for Barrett independently of 
BMI and when adjusted for the waist the relationship between BMI and Barrett’s 
oesophagus disappears [47]. However, the most well-known risk factor, i.e. GORD, 
is not markedly differentially distributed by sex or race. General obesity reflected by 
the BMI and abdominal obesity reflected by the waist circumference have been 
consistently associated with the risk of oesophageal adenocarcinoma, but associa-
tions between BMI and Barrett’s oesophagus have been inconsistent [68]. Abdominal 
obesity appears to be more consistently related with Barrett’s oesophagus. In men 
no consistent pattern was observed in the association between BMI and Barrett, and 
in women there was no association present [68]. Barrett cases were more likely to 
be men, of Caucasian origin, with a longer duration of GORD symptoms, who were 
more likely to smoke and who were less likely to be infected with Helicobacter 
pylori.

Case-Control Studies and BMI and Waist
A case-control study in veterans showed that, after correction for age and race, a 2.5 
times increased risk of Barrett’s oesophagus was present both in overweight and 
obesity and that for each 5 kg increase in body weight or for each 5-point increase 
in BMI the risk for Barrett was increased by 10% and 35%, respectively [69].

Several studies have demonstrated that obesity may play a role in Barrett’s 
oesophagus beyond the promotion of gastro-oesophageal reflux and that it is the 
abdominal fat distribution that may play a crucial role in the risk of developing a 
Barrett’s oesophagus independent of BMI.

In a large case-control study in the Kaiser Permanente Northern Carolina popula-
tion, patients with a Barrett’s oesophagus (n = 320) were matched to subjects with 
GORD without a Barrett (n = 312) and to population controls (n = 317) [70]. There 
was a general association between Barrett’s oesophagus and a larger abdominal 
circumference (waist >80 vs. <80  cm, OR 2.24 (1.21/4.15)), independent of 
BMI. The increased risk was only evident at >80 cm, suggesting a possible risk 
plateau. Also, a dose-response was apparent with increased risks at higher waist 
circumferences. There was no substantial difference in risk for short-segment versus 
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long-segment Barrett. There was no association between Barrett and BMI. Abdominal 
waist was also associated with the severity of GORD with increasing risk of severe 
weekly symptoms (OR 1.86 (1.03/3.38) per 10  cm increased circumference). 
Adjustment for GORD attenuated the association between Barrett and waist from 
2.24 (1.21/4.15) to 1.78 (0.86/3.66), which is to be expected when abdominal obe-
sity → GORD → Barrett. So, waist but not BMI had a modest independent associa-
tion with Barrett’s oesophagus.

Increase in girth may increase the intra-abdominal pressure causing reflux, but 
may also alter GI motility because of metabolic products from the fat mass, and the 
plateau effect of the waist circumference may signify that at least a certain albeit 
modest amount of intra-abdominal fat is necessary.

Jacobson et al. discovered 261 cases of Barrett in 15,861 nurses of the Nurses’ 
Health Study [71]. Only being obese (BMI ≥30 kg/m2), but not being overweight, 
increased the risk (OR 1.52 (1.02/2.28)) and controlling for frequent GORD symp-
toms did not alter the observed risks for Barrett, but the association between obesity 
and Barrett was no longer significant, suggesting that obesity may play a role in 
Barrett’s metaplasia beyond the promotion of GORD. However, waist, WHR and 
height were not associated with Barrett’s oesophagus.

Smith et al. found in a population-based study with 167 cases of Barrett’s oesoph-
agus and 261 matched controls that obese people with self-reported symptoms of 
acid reflux had a markedly higher risk of Barrett (OR 34.4 (6.3/188)) than obese 
people without reflux (OR 0.7 (0.2/2.4)) or only reflux reporting normal-weight peo-
ple (OR 9.3 (1.4/62.2)) suggesting that obesity plays a further role in the develop-
ment of Barrett’s oesophagus over and above its role in promoting acid reflux [72].

The strongest available data to date comes from the BEACON consortium with 
pooled individual participant data from 4 case-control studies including 1102 cases 
and 1400 controls with also having the possibility to include a sufficient number of 
females [68]. Waist circumference increased the risk of Barrett’s oesophagus both 
in women and in men, independent of BMI, with a 125% (OR 2.24 (1.08/4.65)) and 
275% (OR 3.75 (1.47/9.56)) increased risk for men and women, respectively. There 
was no association between BMI and risk of Barrett’s oesophagus and the associa-
tion between waist and Barrett strengthened after adjustment for BMI. There was a 
strong dose-effect association with increased risk by larger waist circumferences 
whether corrected for gastro-oesophageal reflux symptoms or not. However, the 
WHR was not associated with a risk in both women and men. Men, particularly of 
the white race, tend to accumulate more central/visceral fat compared with women. 
Also the NHANES study showed abdominal obesity to be more common among 
men and white individuals than among women and other racial/ethnic subgroups 
[73]. So the greater prevalence of abdominal obesity in men may at least in part 
explain the observed sex disparities in the incidence of Barrett’s oesophagus.

Meta-Analyses
A meta-analysis by Cook et  al. tried to solve the issue whether adiposity (BMI) 
mediates its effect on Barrett’s oesophagus independently of GORD [74]. Ten stud-
ies were retrieved comparing the BMI of Barrett’s and GORD patients and the 
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general population. When comparing Barrett’s oesophagus with GORD patients, 
the pooled estimate was not significant (0.99 (0.97/1.01) per kg/m2), with no statisti-
cally significant point estimates for men and women separately. The pooled esti-
mate comparing Barrett with the general population was statistically significant 
(1.02 per kg/m2 (1.01/1.04)) with no difference between males and females. The 
meta-analysis concluded that increasing BMI did not present an increased risk of 
Barrett’s oesophagus above what would have been expected from GORD alone. The 
previously mentioned meta-analysis by Hampel et al. suggested that increasing adi-
posity is a risk factor for the development of Barrett’s oesophagus [64]. The meta-
analysis by Cook et  al. concluded that the increased risk of GORD, caused by 
increasing BMI, underlies this association [74]. Once GORD occurs there is no 
additional effect of BMI on its progression to Barrett’s oesophagus. Both meta-
analysis could not explain the large male-to-female sex ratio of Barrett ‘s oesopha-
gus and oesophageal adenocarcinoma and the predominance in Caucasians: men are 
approximately twice as likely as women to develop Barrett’s oesophagus and 5–8 
times more likely to develop oesophageal adenocarcinoma.

Sometimes, discrepant findings between studies can be explained [75]. The meta-
analysis by Cook found a significant association between BMI and Barrett when 
considering the general population as controls, an effect that disappeared when 
GORD controls were used [74]. Jacobson’s Nurses’ Health Study showed that in 
women the effects of obesity on Barrett are mediated at least in part by mechanisms 
other than GORD [71]. Whereas in the latter study controls had an endoscopy and 
did not have a Barrett’s oesophagus, in the Cook’s meta-analysis controls did not 
have an endoscopy and were therefore not known as to have a Barrett’s oesophagus 
or not. Also, the different outcomes between studies concerning the importance of 
the fat distribution can be explained. Corley et al. reported in their case-control study 
that both waist and WHR were associated with Barrett’s oesophagus, independently 
of the BMI [70]. Jacobson et al. failed to find an association of Barrett with central 
adiposity defined by increased WHR in women [71]. When using the WHR it should 
be realised that a large waist and a large hip have the same ratio as a small waist and 
a small hip. But also when using the waist circumference no association was found. 
This may be due to the fact that not all adipose tissues behave the same and that it is 
the metabolically more active visceral adipose tissue (VAT) and not subcutaneous 
adipose tissue (SAT) that is associated with Barrett’s oesophagus.

By measuring the VAT and SAT by computer tomography at the level of the 
intervertebral disc between L4 and L5, it was found that in women visceral fat con-
stitutes a much smaller fraction of the abdominal fat (and thus the waist circumfer-
ence) when compared with men [76]. Likewise, 1 cm increase in waist circumference 
corresponds to a smaller increase in VAT in women. So, BMI is a significant risk 
factor for Barrett’s oesophagus but VAT is an even stronger and independent risk 
factor [77–79].

The Visceral Fat Pathway
So, apart from general adiposity, the visceral fat accumulation is at least, if not 
more, important. The humoral role of the visceral fat has attracted great attention. 
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Overweight and obese men tend to have more centralised fat while women have 
more fat in their subcutaneous tissue [48, 73, 76–79]. This may explain why mea-
sures of fat distribution appear more strongly associated with Barrett’s oesophagus 
than BMI in predominantly male populations, while BMI may be more important in 
women. Visceral fat is associated with particular metabolic compounds and a differ-
ent balance of adipose-related hormones including insulin-like growth factor-1 
(IGF-1), TNF-α, IL-6 and adipokines (leptin, adiponectin), many of which are 
linked to carcinogenesis and with processes of healing and injury to gastrointestinal 
mucosa and have been implicated in the pathogenesis of Barrett’s oesophagus [25, 
26, 48]. Visceral obesity is also associated with insulin resistance and metabolic 
syndrome, and this metabolic dysregulation in itself is associated with Barrett’s 
oesophagus and several cancers.

Visceral Fat Measurements
El Serag et al. performed a CT study in 173 Barrett cases, 343 colonoscopy controls 
and 172 endoscopy controls, who also all underwent an upper endoscopy [79]. As 
abdominal fat is comprised of two functionally distinct types of fat: visceral adipose 
tissue (VAT) and subcutaneous adipose tissue (SAT); both fat masses were mea-
sured, supposing that on the one hand subcutaneous fat may contribute to the 
mechanical effect of abdominal fat but is metabolically inert, and on the other vis-
ceral fat exerts a mechanical effect on stomach and oesophagus but also secretes 
multiple pro-inflammatory cytokines and is associated with insulin resistance [79]. 
Visceral fat but not subcutaneous fat was associated with an increased risk of 
Barrett’s oesophagus; the association was partly explained by the presence of 
GORD symptoms but was also present in people without symptoms. These impor-
tant findings point towards humoral mechanisms of obesity-related increased risk of 
Barrett’s oesophagus. Patients with Barrett’s were more than twice likely to be in 
the highest VAT:SAT ratio (OR 2.42 (1.51/3.88)). After adjustment for age, sex, 
race, H. pylori status, smoking, NSAID use and alcohol use, the odds ratio was 
attenuated, with age and sex being the most attenuating factors. The association was 
stronger in males (adjusted OR 2.12 (1.15/3.90)) and when a long ≥3 cm Barrett’s 
segment was present (OR 3.42 (1.627/7.01)). With respect to the reported associa-
tion of Barrett’s oesophagus with male gender and Caucasian descent, the analyses 
were repeated in male Caucasians. The unadjusted association between Barrett’s 
oesophagus and VAT:SAT ratio was similar as in the whole group but now the asso-
ciations persisted after adjustment for age, NSAIDs, Hp status, smoking and alco-
hol use (OR 2.27 (1.09/4.72)) as well as after the additional adjustment for GORD 
and PPI use. VAT and VAT:SAT ratio were associated with both presence and dura-
tion of GORD. The fat distribution in male and Caucasian tends to be more abdomi-
nal than truncal. Increased obesity may disproportionally increase GORD in white 
subjects and in males.

Subcutaneous Fat Measurements
Another way to address the fat distribution is to consider a possible protective effect 
of gluteofemoral (peripherally deposited)  fat in oesophagitis and Barrett’s 
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oesophagus [80]. Gluteofemoral obesity protects against T2DM and cardiovascular 
disease and is positively associated with insulin sensitivity and adiponectin levels. 
Abdominal obesity was measured by waist circumference and gluteofemoral obe-
sity by hip circumference and also the WHR was taken into account. Waist circum-
ference was positively associated with erosive oesophagitis and Barrett’s oesophagus, 
which became stronger after correction for the hip circumference. The hip circum-
ference was negatively associated. It is difficult to explain the protective role of 
gluteofemoral fat on a mechanistic basis and it has no role in acid reflux. It may be 
that gluteofemoral obesity may serve as sink for storing fat in a manner that avoids 
the inflammatory and other humoral effects of the fat, otherwise stored in the vis-
ceral compartment.

Metabolic Syndrome
Apart from a more detailed analysis of humoral factors secreted by the visceral fat 
also the function of visceral fat and its role in the metabolic syndrome (MetS) can 
be studied as done by Ryan et al. [81]. One hundred and two patients with Barrett’s 
and specialised intestinal metaplasia were investigated. Of these patients, 46% had 
the metabolic syndrome, 78% were overweight and 6% had central obesity (waist 
>80 cm for women and >98 cm for men). When comparing long-segment versus 
short-segment Barrett’s oesophagus patients with a long-segment Barrett had more 
often MetS in 60%, associated with hyperinsulinaemia and elevated levels of IL-6, 
and central obesity in 92% compared with short-segment Barrett in 23.8% and 62%, 
respectively. Long-segment Barrett had a 11 cm greater waist circumference. The 
MetS was associated with elevated C-reactive protein (CRP) and leptin levels and a 
tendency of decreased adiponectin levels. Both MetS and waist circumference were 
independent risk factors for long-segment Barrett (OR 4.23 (1.07/18.6) and OR 5.6 
(1.01/1.18), respectively), suggesting that MetS and the pro-inflammatory state may 
induce progression of the length of Barrett’s oesophagus.

Secreted Adipokines
Visceral fat, also named the largest endocrine organ in humans, secretes many adi-
pokines, cytokines and chemokines. The role of adipokines, leptin and adiponectin, 
has been investigated in patients with Barrett’s oesophagus and oesophageal adeno-
carcinoma [25, 26, 48].

Leptin
Leptin has a role in appetite regulation and energy homeostasis and is also known 
for its effects on angiogenesis, wound healing, tissue repair, fertility, immune func-
tion, renal and lung functions, and cancer [26]. Leptin attached to leptin receptors 
can inhibit apoptosis, and increase proliferation. It is cytoprotective for the GI 
mucosa but can also induce neoplastic cell proliferation. Leptin is primarily pro-
duced by adipocytes but also secreted by chief cells in the gastric mucosa. Leptin 
receptor expression was seen in the chief and parietal cells of the gastric fundus and 
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in superficial and basal layers of the oesophagus. Leptin levels are high in obesity 
but do not suppress hunger and appetite by leptin resistance, analogous to the effects 
of high insulin levels and insulin resistance. Francois et al. hypothesized that leptin 
of gastric origin may participate in the maintenance of normal (non-inflamed) 
oesophageal mucosa or the more acid-resistant Barrett’s epithelium and examined 
tissue biopsies for leptin levels and leptin receptors in H. pylori-negative persons 
[82]. Barrett patients had significantly higher fundic leptin levels suggesting that the 
combination of refluxed acid and high leptin could predispose to mucosal prolifera-
tion, which depending on the host context may result in repair of oesophageal 
inflammation or progression of Barrett’s oesophagus. For every twofold increase in 
fundic leptin the odds of having a Barrett’s oesophagus was 3.4 (1.5/7.6) times 
higher when compared with having a normal oesophagus. Kendall et al. investigated 
levels of serum leptin in Barrett’s oesophagus [83]. Their findings in a pilot study 
(67 controls; 51 Barrett) were confirmed in a large validation study (306 Barrett, 
309 controls). In female controls and female Barrett patients serum leptin levels 
were 2–3 times higher than in males. Serum leptin levels correlated with BMI both 
in controls and Barrett patients. In men, serum leptin levels increased with increas-
ing BMI and were higher in Barrett than in controls. The risk of a Barrett’s oesopha-
gus was highest in men among those in the highest quartile of serum leptin with a 
significant threefold increased risk of Barrett (OR 3.3 (1.7/6.6)) and this persisted 
after further adjustment for symptoms of gastro-oesophageal reflux (OR 2.4 
(1.1/5.2)). There was a modest age-adjusted risk of Barrett with increasing BMI in 
males (BMI ≥30 kg/m2: 1.7 (1.0/3.1)) but not in females and correction for gastro-
oesophageal symptoms attenuated the risk. So, in men a proportion of the effect of 
obesity in the risk of Barrett was likely thought to be via non-reflux pathways 
including leptin. In women the risk of Barrett decreased with increased leptin levels 
and was not related to increasing values of BMI and correction for gastro-
oesophageal symptoms attenuated the risk. So, men and women behaved quite dif-
ferently. In women, the peripheral adipocytes secrete more leptin than the omental 
adipocytes, whereas in men the leptin secretion is similar at both sites. Women with 
central obesity would have lower serum leptin levels than peripherally obese women 
of the same BMI, implying that serum leptin would be negatively associated with 
central obesity and this would explain the negative association of leptin and Barrett’s 
oesophagus in women. Adiponectin levels were not different between Barrett’s and 
controls.

Adiponectin
Another player might be adiponectin which is secreted by adipose tissue [25, 26, 48, 
84, 85]. Specific receptors are found in oesophageal mucosa such as AdipoR1 and 
R2. Adiponectin is an insulin sensitizer and has cardioprotective and immunomodu-
lating actions. Being an anti-inflammatory agent, adiponectin is involved in the 
regulation of inflammation and suppresses carcinogenesis: it suppresses growth fac-
tors, stimulates apoptosis and suppresses cell proliferation. Adiponectin levels are 
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low in obesity and lower in obese men than in women and low adiponectin levels 
have been linked to carcinogenesis in colon, gastric, prostate, breast and uterus can-
cer. Adiponectin has three multimeric forms: low molecular weight (LMW, trimers), 
middle molecular weight (MMW, hexamers) and high molecular weight (HMW, 
octadecamers) [84, 85]. These multimeric forms have opposite actions in inflamma-
tion: HMW induces the secretion of pro-inflammatory cytokines (IL-6) whereas 
LMW is anti-inflammatory, suppressing lipopolysaccharide (LPS)-induced release 
of IL-6 and stimulating the secretion of anti-inflammatory IL-10. In a case-control 
study Rubenstein et al. compared total adiponectin and different molecular weight 
adiponectin levels in 112 Barrett patients and in 199 controls [85]. No association 
of total adiponectin with Barrett’s oesophagus was found, but high LMW adiponec-
tin levels and a high LMW/total adiponectin ratio were associated with a decreased 
risk of Barrett’s oesophagus, and the effect was stronger in women than in men. 
Confounding effects by insulin, glucose and insulin sensitivity were excluded. They 
hypothesised that normal circulating levels of LMW adiponectin are sufficient to 
suppress the inflammatory response to GORD and guide the healing of the mucosa 
towards regeneration of squamous mucosa. LMW suppresses the local expression 
of IL-6  in the oesophageal mucosa and IL-6 expression has been shown to be 
increased in Barrett’s oesophagus. In the presence of low LMW levels the response 
to GORD might be directed towards a more exuberant oesophagitis or towards 
metaplasia in the intestinal epithelium. Unfortunately, IL-6 was not measured and 
other factors like diet, physical activity and H. pylori status were not taken into 
account.

Both Leptin and Adiponectin
Thompson et al. studied both leptin and adiponectin in men and women in 177 sub-
jects with newly diagnosed Barrett’s oesophagus compared with 177 controls [86]. 
In the whole group both adipokines were predictors of the risk of Barrett’s oesopha-
gus independently of each other. In women, those in the highest tertile of BMI and 
waist had the greatest risk (OR 4.6 (1.9/11.6) and OR 5.1 (2.0/13.0), respectively) 
for Barrett’s metaplasia than those on the lowest tertile. Adjustment for leptin and 
adiponectin attenuated the risk by 52% and 42%, respectively. In men, those in the 
highest tertile of WHR were at greatest risk (OR 2.8 (1.3/5.9)) but adjustment for 
leptin and adiponectin did not attenuate these associations. Taking women and men 
as a group together, those in the highest tertile of BMI, waist and WHR had increased 
risks of developing a Barrett’s oesophagus (OR 2.3 (1.3/4.1), OR 2.8 (1.6/4.8) and 
OR 2.4 (1.4/4.2), respectively). Adjustments for both leptin and adiponectin attenu-
ated these with 38%, 17% and 36%, respectively. They concluded that both leptin 
and adiponectin were significant predictors of Barrett’s oesophagus in women and 
men combined, independent of each other. The associations between adipokine lev-
els and Barrett’s risk were the strongest for women. Furthermore, the association 
between Barrett’s risk and obesity was attenuated but not eliminated when adjust-
ments were made for both cytokines by 24–52% in females and by 17–38% in 
combined male-female models. So, apparently leptin and adiponectin partially 
account for the relationship between obesity and Barrett’s oesophagus.
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1.8.1.3	 �Oesophageal Adenocarcinoma and Gastro-Oesophageal 
Junction/Gastric Cardia Adenocarcinoma

In the last decades the incidence of oesophageal and gastric adenocarcinoma has 
increased rapidly with a strong predominance in white Caucasian men, comprising 
65% of all cases [48, 87]. Oesophageal adenocarcinoma is fivefold higher in 
Caucasians than in African-Americans and sixfold higher in men than in women 
[88]. In some countries the incidence has risen by 500–650% over the last three 
decades and oesophageal adenocarcinoma now accounts for 50% of all oesophageal 
cancers in the West [87]. The incidence of oesophageal squamous cell cancer has 
been stable or is slightly decreasing by 3.6% per year in all ethnic groups and distal 
gastric cancer is decreasing [48]. Heredity seems to play a role, although the aetiol-
ogy is mainly non-genetic. Barrett’s oesophagus, GORD and obesity are known risk 
factors and medications that lower the LOS might contribute to the risk through the 
mechanism of gastro-oesophageal reflux [89]. Polednak et  al. used results from 
published meta-analyses and large cohort studies and reported a steadily increasing 
impact of obesity on trends in oesophageal adenocarcinoma incidence rates, from 
21% in 1976–1980 to approximately 36% in 2001–2004 to 40% in 2007 [90].

Dietary changes with reduced intake of fruits and vegetables with low intake of 
antioxidants and cereal fibres may contribute; the role of tobacco is probably limited 
and alcohol consumption is not a risk factor. Heavy alcohol consumption (≥7 
drinks/day) was not associated with increased risk of oesophageal and gastric ade-
nocarcinoma in 11 studies and 1800 cases in the BEACON consortium in contrast 
to the almost ten times increased risk for oesophageal squamous cell carcinoma 
[91]. Modest consumption (<1 drink per day) had a 37% and 22% decreased risk of 
oesophageal and gastric cardia carcinoma, respectively. The presence of H. pylori 
with a 50–80% reduced risk was assumed to be related to atrophic gastritis and the 
use of NSAIDs and selective COX-2 inhibitors, by reducing tumour growth, may be 
protective. Reasons for this increasing incidence in oesophageal adenocarcinoma 
include increased obesity rates, with epidemiological evidence linking obesity with 
up to 40% of cases, increased prevalence of reflux symptoms and Barrett’s oesopha-
gus incidence rates and decreasing prevalence of H. pylori infection.

Obesity may be an independent risk factor for oesophageal adenocarcinoma by 
the mechanism of obesity → GORD→ Barrett’s oesophagus → adenocarcinoma 
and it has been postulated that the effects of increased total body fat mass are 
largely manifested early in the pathogenesis of oesophageal adenocarcinoma, that 
is, in the development of specialised intestinal metaplasia (SIM), a characteristic 
feature of Barrett’s oesophagus [48]. Later in the pathogenesis, visceral obesity 
may be more important, by adipokine-induced accelerated rates of cell division 
and proliferation with progression of Barrett’s oesophagus through dysplasia in 
oesophageal adenocarcinoma. Critically reviewing each of these steps raises many 
questions [88, 92]. The first question is whether BMI increases the risk of cancer 
through increasing the chance of GORD. In general the association between both 
is not very strong and all ethnicities and both sexes commonly have GORD but the 
risk of cancer is markedly higher in white Caucasian men. Previous studies have 
demonstrated that both obesity and GORD are independent risk factors. Moreover, 
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patients with GORD treated with PPI should be at lesser risk which is not the case. 
The second question is whether BMI increases the risk of Barrett’s oesophagus 
independently of GORD; however, BMI on its own is not a strong risk factor for 
Barrett’s oesophagus. The third question is whether BMI in itself increases the risk 
of progression of a Barrett’s oesophagus to adenocarcinoma independently from 
GORD and again the answer is negative. Both increased total fat mass (mechanic 
part) and increased abdominal/visceral fat mass (humoral part) may be required for 
the development of erosive oesophageal damage, the development of Barrett’s 
oesophagus and its malignant progression to oesophageal adenocarcinoma. With 
all these reflections in mind, one should realise that only 42% of men and 46% of 
women with oesophageal adenocarcinoma have a history of weekly reflux symp-
toms and only 22% have previously diagnosed GORD [93]. Moreover, Barrett’s 
oesophagus is only apparent in 31% of patients. Similarly findings for gastric car-
dia cancer are 29% having a history of reflux symptoms and only 12% having a 
Barrett [93].

One explanation for the gender and ethnic specificity of oesophageal adenocar-
cinoma is the fact that for the same BMI, Caucasians and men tend to have more 
visceral fat [48, 73, 76–80]. Men of all ages and postmenopausal women tend to 
deposit fat predominantly intra-abdominally whereas premenopausal females tend 
to deposit fat subcutaneously. This difference may explain the gender and age dis-
parities in incidence and outcome of some cancers such as oesophageal 
adenocarcinoma.

The negative association between H. pylori infection and oesophageal adeno-
carcinoma may be due to two different factors: (1) the chronic infection by H. 
pylori and the resultant gastric atrophy with diminished acid production, thereby 
decreasing gastro-oesophageal acid reflux, and (2) the decreased ghrelin secretion 
by X/A-like endocrine cells in the fundus of the stomach, protecting against obe-
sity by decreasing hunger and appetite, and protecting against GORD by decreas-
ing acid production. Martel et al. investigated both H. pylori infection and ghrelin 
levels and contrary to the original hypothesis they found that high rather than low 
serum ghrelin levels were associated with protection against oesophageal adeno-
carcinoma but only among overweight subjects (BMI ≥25 kg/m2) and the lower 
risk did not change after correction for BMI and H. pylori presence (0.18 
(0.04/0.78)) and after full correction, including also correction for smoking and 
education [26, 94]. Also, the strong protective action of H. pylori on cancer risk 
was not modified by ghrelin, and effects of both H. pylori and ghrelin were inde-
pendent. Ghrelin has been shown to stimulate upper GI motility and to accelerate 
gastric emptying by effects on the vagal nerve and the myenteric plexus, thereby 
potentially diminishing oesophageal acid exposure and the risk of oesophageal 
adenocarcinoma, and also possesses profound anti-inflammatory effects with inhi-
bition of TNF-α and inhibition of activation of NF-κB, thus diminishing the conse-
quences of chronic gastric reflux with chronic inflammation and the development 
of oesophageal adenocarcinoma [26, 94]. For clinical practice it is important to 
know that obese patients usually have low levels of ghrelin and are therefore pre-
sumably less protected.
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Meta-Analyses
Several meta-analyses tried to quantify the risk of oesophageal adenocarcinoma and 
gastric cardia adenocarcinoma. In Hampel’s meta-analysis of nine studies there 
appeared to be a dose-response relationship with an OR of 1.52 at BMI 25–30 kg/
m2 and 2.78 at BMI ≥30 kg/m2 [64]. Concerning the gastric cardia adenocarcinoma 
the adjusted OR was 1.68 for BMI ≥25 kg/m2. Kubo and Corley had similar results 
in 14 studies [95]. A BMI ≥25 kg/m2 was associated with an increased oesophageal 
adenocarcinoma in men (OR 2.2) and women (OR 2.0), and higher BMIs had higher 
cancer risks both in men and women: the ORs were for men with overweight 1.8 
and with obesity 2.4; for females these ORs were, respectively, OR 1.5 and OR 2.1. 
There was a trend towards a stronger association in men compared with women. 
Associations with gastric cardia adenocarcinoma were heterogeneous, but after 
stratification by study location only a weak association (OR 1.5 for male and female 
and overweight and obese combined) between gastric cardia cancer and BMI was 
found in studies from the USA and Europe but not in studies from China.

Recent Cohort and Case-Control Studies
An article by Ryan et al. updated the meta-analysis of 2006 by Kubo and Corley with 
articles between 2005 and 2010 [48]. Twelve articles were retrieved, four from the 
USA and Canada, six from Europe and two from Australia [96–107]. As can be seen 
from Table 1.4 risks of oesophageal adenocarcinoma were at least 2.3 times higher 
and were as high as 5.3, 6.1 and 11.3 times higher compared with the BMI reference 
values in the different continents. In the study by Corley et al. also the anteroposte-
rior diameter was taken into consideration [97]. The risk of oesophageal adenocarci-
noma was 4.67 (1.14/20.11) when the diameter was equal or greater than 25 cm, 
suggesting that intra-abdominal fat increases the risk independently of BMI. Ryan 
compared the highest versus the lowest quartile of BMI and found a dose-dependent 
relationship between BMI and oesophageal adenocarcinoma for males (OR 
4.3(2.3/7.9)); for the lower oesophagus the risk was the highest of all reported risks 
(OR 11.3 (3.5/36.4)); for the gastro-oesophageal junction the risk of adenocarcinoma 
was 3.4 (1.4/8.7) [100]. In the Netherlands Cohort Study on Diet and Cancer a dose-
response curve was found for overweight and obesity in both oesophageal and gastric 
cardia adenocarcinoma [103]. Each 1 kg/m2 increment during adulthood increased 
the risk of adenocarcinoma of the oesophagus by 14% and a weight gain of BMI 
≥8 kg/m2 had a 3.4 times higher risk than those with 0–3.9 kg/m2 change. In this 
population 30.2% of oesophageal and 21.8% of gastric adenocarcinoma could be 
attributed to overweight and obesity. The European Prospective Investigation into 
Cancer and Nutrition (EPIC) study found that BMI, waist and WHR were all posi-
tively associated with oesophageal adenocarcinoma [105]. In an Australian study the 
risk increased by 46% for every 10 cm increase in waist [106]. Whiteman et al. also 
investigated morbidly obese subjects with a BMI ≥40 kg/m2 [107]. Risk increased 
from OR 1.4 when being overweight to OR 3.3 in subjects with BMI ≥30 and to 
7.0 in subjects with a BMI ≥40 kg/m2. Adjustment for gastro-oesophageal reflux and 
other factors modestly attenuated this risk. Risk associated with obesity was signifi-
cantly higher (almost twice as high) for men than for women and for those aged 
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<50 years (OR 7.5) versus those aged ≥50 years (OR 2.2). Obese people with fre-
quent reflux had significantly higher risks (OR 16.5 (8.9/30.6)) than obese without 
reflux (OR 2.2 (1.1/4.3)) or normal weight with reflux (OR 5.6 (2.8/11.3)) consistent 
with a synergistic action between these factors. Risks of combined exposure were 
threefold higher than expected assuming a synergistic interaction between obesity 
and reflux. Similar findings were seen for gastro-oesophageal junctional adenocarci-
noma but of smaller magnitude. The prevalence of H. pylori in this study was 6.3–
8.5% and had no impact on the risk estimates. Their data suggested that patients with 
obesity and frequent reflux symptoms are especially at risk of adenocarcinoma.

Two more recent studies dating back to 2012 are also included in Table 1.4. 
The pooled analysis of individual participant data by the international Barrett and 
Esophageal Adenocarcinoma Consortium (BEACON) included 1997 oesophageal 
adenocarcinomas, 1900 oesophagogastric junction adenocarcinomas and 11,159 

Table 1.4  Recent studies investigating the risk of oesophageal adenocarcinoma in obese 
subjects

Author and year Design Country
Cases/
controls

BMI 
reference BMI

Results OR 
(95% CI)

USA and Canada
Veugelers’06 
[96]

CC Canada 57/102 <25 >30 4.67 (1.27/17.9)

Corley’08 [97] CC USA 94/206,974 18.5–24.9 ≥30 3.17 (1.43/7.04)
Abnet’08 [98] Cohort USA 371/480,475 18.5– <25.0 >35 2.27 (1.44/3.59)
Figueroa’09 
[99]

CC USA 122/695 <25 >30 5.32 
(2.75/10.29)

Europe
Ryan’06 [100] CC Ireland 760/893 <22 >30 11.3 (3.5/36.4)
Samanic’06 
[101]

Cohort Sweden 82/362,552 <24.9 >30 2.7 (1.33/5.55)

Reeves’07 
[102]

Cohort UK 150/1.2 × 106 22.5–24.9 ≥30 2.54 (1.89/3.41)

Merry 07 [103] Cohort The 
Netherlands

293/4452 <24.9 >30 3.96 (2.27/6.88)

Anderson’07 
[104]

CC Ireland 227/260 <25 >28.1 2.69 (1.62/4.46)

Steffen’09 
[105]

Cohort Germany 198/346,554 <20.5 >30 2.8 (1.4/5.9)

Australia
MacInnis’06 
[106]

Cohort Australia 30/41,295 <25 >30 3.7 (1.1/12.4)

Whiteman’08 
[107]

CC Australia 793/1580 18.5–24.9 >40 6.1 (2.7/13.6)

Most recent studies
Hoyo’12 [87] Cohort 

and CC
USA, EU, 
Australia

1997/11,159 <25 ≥40 4.76 (2.96/7.66)

Doherty’12 [92] Cohort USA 253/218,854 18.5- < 25.0 ≥35 2.11 (1.09/4.09)

BMI Body mass index, OR odds ratio, 95% CI 95% confidence interval, CC case-control, UK 
United Kingdom, EU Europe
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controls in 12 epidemiological studies (eight North America, three Europe and 
one Australia) [87]. Compared with BMI <25, a BMI 25–29.9 increased the risk 
by 54%; a BMI 30–34.9 gave  a  twofold increased risk (OR 2.39) and a BMI 
35–39.9 gave a risk of 2.79. A BMI ≥40 kg/m2 increased almost fivefold the risk 
(OR 4.76). For gastro-oesophageal junctional cancer these OR were smaller and 
were 1.28, 2.08, 2.36 and 3.07, respectively. Analysis testing for synergism or 
departure from additivity showed a synergism between BMI and GORD symp-
toms with respect to the oesophageal adenocarcinoma risk. The excess risk attrib-
utable to the synergistic interaction of BMI and GORD was 64% versus the 
non-interaction group. This observation of a synergetic effect of BMI and GORD 
on the cancer risk supports the idea of at least two pathways: a direct mechanical 
and an indirect metabolic one.

In the National Institutes of Health–American Association of Retired Persons 
(NIH-AARP) Diet and Health study 253 cases of oesophageal adenocarcinoma, 191 
cases of gastric cardia adenocarcinoma and 125 cases of gastric non-cardia adeno-
carcinoma were documented [92]. In oesophageal adenocarcinoma weight, BMI, 
waist, hip and WHR were positively associated with the risk, with an HR between 
1.81 and 2.28. For gastric cardia adenocarcinoma BMI and waist displayed an 
increasing risk of a HR 3.67 and HR 2.22, respectively. No consistent associations 
were found for gastric non-cardia adenocarcinoma.

1.8.1.4	 �Gastric Cancer
A meta-analysis studied the relationship between gastric cancer and overweight 
and obesity and identified ten studies involving 9492 gastric cancers in a popula-
tion of almost 3.1 million individuals [108]. Overweight (BMI ≥25 kg/m2) was 
associated with an increased gastric cancer risk (OR 1.22 (1.06/1.41)) with a small 
dose-response relationship: overweight (BMI 25–29.9) was associated with a 21% 
higher gastric cancer risk and obesity with a 36% higher risk. A stratified analysis 
showed a BMI ≥25 kg/m2 to be associated with increased risks of gastric cardia 
cancer (OR 1.55 (1.31/1.84)), with overweight being at excess risk of 40% and 
obesity being over two times at risk. Overweight non-Asians had a 24% higher 
gastric cancer risk.

1.8.1.5	 Implications for Clinical Practice
What does this imply for the gastroenterologist and for the surgeon? The degree of 
overweight and the visceral distribution of fat are involved in the aetiology of 
GORD, and GORD complications. Especially the obese with large waist circumfer-
ence and severe symptoms of GORD is at risk for GORD complications. For daily 
practice this means taking a careful history with measurement of weight, height and 
waist circumference and a diagnostic workup in the presence of symptoms, with not 
only an endoscopy, sometimes supplied with manometry or 24-h pH measurements, 
but also an analysis of components of the metabolic syndrome. This is needed to 
estimate to what extent the obese subject is at risk of GORD complications. This 
should be followed by adequate treatment of symptoms with emphasis on attempts 
to lose weight which automatically will also result in a decreased mass of actively 
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secreting visceral fat. Seven studies evaluated the effect of a lifestyle or diet inter-
vention: two studies on very-low-calorie diet (VLCD), one on a low-calorie diet 
(LCD), one on a low-carb diet and three used combined lifestyle; three of the stud-
ies used an  intragastric balloon [109]. Disappointingly, three of the studies were 
negative as to the improvement in GORD. In contrast, Roux-en-Y gastric bypass 
had a beneficial effect on GORD in all studies, although most of the studies evalu-
ated only symptoms by questionnaires and did not perform 24-h pH measurements, 
manometry or endoscopy. The studies on restrictive surgery were inconsistent. 
Moreover, the efficacy of proton pump inhibitors and H2 receptors antagonists has 
been reported to be less favourable in obese patients.

One should always bear in mind that symptoms may not be present or may disap-
pear when the oesophagus adapts to the acid exposure by changing into a Barrett’s 
oesophagus. When it comes to bariatric surgery, the intervention with the smallest 
risk of GORD and GORD complications should be chosen. At present, the discus-
sion will centre around the two possibilities of a gastric sleeve or a gastric bypass. 
At the one side, procedures that enhance the risk of GORD should be denied to 
patients having already a Barrett’s oesophagus present and thus would favour a 
gastric bypass over a gastric sleeve. On the other, when severe dysplasia or cancer 
develops in a Barrett’s oesophagus, a gastric sleeve resection may enable the con-
struction of a gastric tube.

1.8.2	 �Gallbladder and Pancreas

1.8.2.1	 �Gallbladder

Gallbladder Stones
Obesity is a risk factor for the formation of cholesterol gallstones and exposes 
patients to increased risk of gallstone-related complications. Rapid weight loss is 
also a risk factor for gallstone formation in obese patients, making the risks espe-
cially high in those who go through prominent cycles of gaining and losing weight 
[33, 110, 111]. Gallstone disease is one of the most prevalent and costly digestive 
diseases in Western countries with a prevalence of 10–15% in adults [112]. 
According to the third National Health and Nutrition Examination Survey (NHANES 
III) about 6.3 million of men and 14.2 million of women aged 20–74 in the USA 
might suffer from gallbladder disease [113].

Depending on the chemical composition, gallstones are often classified as pure 
cholesterol, pure pigment and mixed stones. In developed countries, cholesterol 
gallstones account for about 75% of stones [114–117]. For cholesterol gallstones, 
the textbooks always mention the 5F’s which are still valid: at risk are Females, Fat 
people, Fair (in this context meaning prosperous) subjects, Fertile women and 
40–50 years of age, with endogenous oestrogens, oral oestrogens and contracep-
tives being involved, as well as conditions leading to gallbladder stasis. Ethnics and 
genetics also play a role: the Pima Indians of Arizona display the highest prevalence 
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rate of cholesterol gallstones in the world (about 80% in women by age 25–30), 
together with a high prevalence of both obesity and type 2 diabetes mellitus, thus 
combining the most provoking factors [118].

Obesity as such is associated with a higher risk of gallbladder stones linearly 
increasing over the BMI range compared with a BMI of 22 kg/m2 with a factor of 
1.7 at a BMI of 25, a factor of 3.7–6.0 at a BMI 30–35 and of 7.4 at a BMI >45 kg/
m2 [119, 120]. In males, risks are lower and more related to the central/visceral 
distribution of adipose tissue. In the Health Professional Study focusing on men, 
being 40–55 years of age at inclusion and followed for up to 10 years, a 2.5-fold 
increased risk of developing gallstones was found [121]. Besides obesity per se, the 
metabolic syndrome has a marked influence on cholesterol gallstones in men [122]. 
Many obesity-associated factors contribute to the risk of gallstone formation such as 
the diet, physical inactivity, metabolic syndrome, dyslipidaemia, insulin resistance 
and gallbladder stasis [110, 116, 117, 123]. Also, the treatment may contribute to 
the risks: the rapid weight loss as seen with very low calorie diets and with bariatric 
surgery, i.e., >1.5 kg/week, but also treatment with orlistat, a lipase inhibitor [124, 
125]. The risks increase with weight cycling: with greater risks the greater the 
weight fluctuations and the greater its frequency of occurrence [33, 110, 111].

Gallstones and Complications
Increased BMI is also a risk factor for symptomatic gallstone disease and other 
complications of gallstone disease such as acute cholecystitis, choledocholithiasis, 
cholestatic jaundice, acute cholangitis and acute pancreatitis [124, 126]. In women, 
30–55 years of age at inclusion in the Nurses’ Health Study and followed for up to 
18 years, increasing BMI was associated with a threefold increased risk of gall-
stones [120]. A dramatic increase was observed in the incidence of symptomatic 
gallstones with a need of cholecystectomy, or newly diagnosed symptomatic gall-
stones. The incidence of symptomatic gallstones increased from approximately 
0.25% per year of follow-up in women with a BMI <24 kg/m2 to more than 2% per 
year of follow-up in women with a BMI above 45 kg/m2.

The presence of gallstones in the gallbladder is associated with the increased 
prevalence of gallbladder cancer [127]. Overall, the estimated prevalence of gall-
bladder cancer is 0.5–3%. Gallbladder cancer has a high grade of malignancy and is 
diagnosed late: it is a rare but often lethal complication of gallstones.

Pathophysiology of Gallstone Formation in Obesity
Central to the formation of gallbladder stones in obesity are the following:

	1.	 Increased cholesterol synthesis and secretion by the liver [114–117]: The amount 
of cholesterol synthesised by the liver is linearly related to body fat (i.e. about 
20 mg of additional cholesterol is synthesised daily for each kg of extra body 
fat). Because of insulin resistance, hyperinsulinaemia and dyslipidaemia, the 
liver secretes more cholesterol in the bile with an increased propensity to 
cholesterol-rich stones.
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	2.	 Supersaturated bile: Supersaturated bile is characterised by excess cholesterol 
relative to bile salts and phospholipids allowing solid cholesterol monohydrate 
crystals to aggregate and grow in the gallbladder [116, 128]. Gallbladder bile was 
supersaturated with cholesterol in all obese patients [129]. Also, increased choles-
terol pronucleating factors such as gallbladder mucin and biliary calcium were 
present [129, 130].

	3.	 Gallbladder-emptying disturbances: Reduced gallbladder emptying and gall-
bladder stasis are often a feature of obese subjects [131]. It might be related to 
their eating pattern with a prolonged period of fasting because of skipping break-
fast and might act as a contributing factor for the aggregation of solid cholesterol 
crystals and stone growth. Mathus-Vliegen et al. showed that obese subjects with 
the largest fasting gallbladders had the largest residual and least emptying gall-
bladders and scored the highest in every aspect of body size, composition and fat 
distribution, and also had the highest insulin levels [132]. Body weight and fast-
ing insulin levels explained 35.2% of the variance in fasting volume, lean body 
mass and insulin explained 28.1% of the residual volume and waist circumfer-
ence explained 23.6% of the ejection volume.

	4.	 Rapid and substantial weight loss after a very-low-calorie diet or bariatric sur-
gery, secondary to enhanced mobilisation of cholesterol and thereby increased 
biliary cholesterol secretion: Also, secondarily a decreased hepatic bile acid 
pool and reduced hepatic secretion of biliary bile salts may play a role [111, 
116, 117, 130, 133, 134]. Orlistat, reducing the fat absorption by 30% by lipase 
inhibition, might impair gallbladder emptying, thus further predisposing 
weight-losing obese subjects to gallstone formation [125]. One month of lipase 
inhibition by orlistat significantly impaired gallbladder motility, which per-
sisted to some extent after 1 year. Therefore, obese subjects with diabetes or 
hyperlipidaemia, who are more at risk of gallstones, should be followed 
carefully.

Solid conglomerates of cholesterol monohydrate crystals, mucin gel, calcium 
bilirubinate and proteins accumulate and are deposited in the gallbladder to form 
gallstones. Obesity is also likely to act on and to potentiate lithogenic mechanisms 
by several associated conditions. These include the metabolic syndrome, insulin 
resistance, diabetes mellitus, autonomic neuropathy, gallbladder stasis, hypertri-
glyceridaemia, low HDL-cholesterol levels, sedentary lifestyle and the Western 
high-calorie, high-fat and refined sugar diet [110, 135]. The metabolic syndrome 
combines a visceral fat distribution with hypertriglyceridaemia, low HDL-
cholesterol levels, impaired fasting glucose levels and hypertension and the central 
feature is insulin resistance and hyperinsulinaemia. These metabolic syndrome cri-
teria have either isolated or combined effects on the process of cholesterol gallstone 
formation as shown in a cross-sectional study from China [136]. A number of 7570 
subjects including 918 gallstone patients were investigated as to the different com-
ponents of the metabolic syndrome during a physical check-up. Gallstone preva-
lence increased with the number of the criteria of the metabolic syndrome being 
present, from a prevalence of about 5% without any criteria to about 25% when all 
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five criteria were present. This appeared to increase the risk of gallstone disease by 
four times in both men and women.

1.8.2.2	 �Pancreas

Acute Pancreatitis
Gallstones (45%) and alcohol (35%) are the most common aetiologies for acute 
pancreatitis [137]. Other factors are metabolic derangements such as hypertriglyc-
eridaemia (1–4%) and hypercalcaemia (1.5%), drugs (1.3–1.4%), genetic muta-
tions, trauma (blunt or penetrating trauma or post-ERCP (endoscopic retrograde 
cholangiopancreaticography)), smoking and infections. The aetiology is different 
according to gender, age and country: in men acute pancreatitis occurs at ages 
30–45 due to alcohol, and in females at ages 50–70 due to gallstone disease. In the 
UK and Germany gallstones prevail as a causal factor whereas in Italy, the USA and 
Australia one of the major causes is alcohol [138]. The annual incidence ranges 
from 4.9 to 35 per 100,000 and acute pancreatitis was the leading gastrointestinal 
cause of hospitalisation in the USA in 2012 [139]. There is an increase in the inci-
dence of acute pancreatitis in the past 40 years, probably due to a greater prevalence 
of risk factors such as increased alcohol consumption, obesity and diabetes.

Whatever the cause, exposure to toxins, including alcohol and medication; ele-
vated serum triglycerides or calcium levels; overdistension, obstruction and 
increased permeability of the pancreatic duct; or ischaemia, trauma and viral infec-
tions, the final common pathway to clinical pancreatitis involves activation of pan-
creatic enzymes with autodigestion of the gland and peripancreatic tissues [137, 
138, 140–147]. Normally, autodigestion of the pancreas is prevented by storing the 
proteases (trypsinogen, chymotrypsinogen, proelastase, phospholipase A) in a pre-
cursor form and by the synthesis of protease inhibitors. Pancreatitis occurs when 
premature activation of these enzymes occurs and the balance between activated 
proteases and protease inhibitors is disrupted. Premature activation and intracellular 
release of intrinsic enzymes lead to pancreatic acinar cell injury and, when released 
into the interstitium, to autodigestion of the organ with devastating effects on its 
function [138]. The activated pancreatic enzymes subsequently enter the blood-
stream, resulting in elevated amylase and lipase blood levels, and leak into the peri-
pancreatic tissue producing characteristic fat necrosis and exudation. The local 
injury is amplified through the induction of a systemic inflammatory response syn-
drome (SIRS), mediated by the generation and release of cytokines and the recruit-
ment of aggressive inflammatory cells [137, 138, 143–145]. The gut hypothesis of 
multiple-organ failure (MOF) supposes that failure of the intestinal barrier function 
and increased intestinal permeability allow macromolecules, bacteria, endotoxins 
and antigens to pass into the portal circulation, and thus enter into the tissues of 
mesenteric nodes, liver, spleen and pancreas. This evasion elicits an inflammatory 
response by stimulating the macrophages and circulating neutrophil granulocytes 
and by inflammatory cytokines (interleukin-1 (IL-1), IL-2, IL-6 and TNF-α) [144]. 
These inflammatory mediators may exacerbate the systemic inflammatory response 
associated with this process, worsening the overall clinical severity of the 
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pancreatitis and contributing to complications of organ failure and nosocomial 
infections. The importance of preventing bacterial gut translocation is further 
stressed since almost 40% of severe acute pancreatitis cases develop infectious 
complications such as infected necrosis, pancreatic phlegmons and peripancreatic 
fluid collections [137, 138]. The organisms responsible for the majority of pancre-
atic infections are typically those found to colonise the gastrointestinal tract.

The severity of acute pancreatitis forms a continuum from a relatively mild, self-
limiting illness in 80–85%, which usually resolves spontaneously within days, to a 
moderately severe disease with transient organ failure and/or local and systemic 
complication that resolve within 48 h to a fulminant, rapidly progressive and severe 
disease with persistent organ failure and development of local and systemic compli-
cations in 15–20%. The mortality is between 5% and 15% [137, 148]. An Italian 
study in 1005 patients reported a mortality of 5%, with a low mortality of 1.5% in 
mild acute pancreatitis and 17% in severe pancreatitis [149]. A systematic review on 
acute pancreatitis reported an overall mortality of 5%, with a mortality of 3% in 
interstitial pancreatitis with acute oedema and inflammation of the pancreas and 
17% in necrotising pancreatitis with inflammation and pancreatic and peripancre-
atic necrosis [150]. In patients with necrotising pancreatitis the mortality may be as 
high as 12% in sterile necrosis, 30% with infected necrosis and 47% with multi-
organ dysfunction. Early death is often linked to systemic inflammatory response 
syndrome (SIRS) and multi-organ dysfunction (MOD); late death is more often 
associated with infected pancreas necrosis, sepsis and its complications [137, 148, 
150–152].

Monitoring the severity of acute pancreatitis by biochemical, radiological and 
multifactorial scales of several prognostic factors is relevant but none has proven to 
be perfect and the most ideal prognostic system is still undetermined. Some scores 
take 48  h to complete such as the Ranson and Imrie/Glasgow scores where for 
example in the Ranson score five parameters need to be judged at entry and another 
six after 48 h [153]. Mortality increased with an increasing score and severe pancre-
atitis was defined by a Ranson score ≥3 with a mortality of 11–15% whereas a score 
of ≥6 was associated with a 40% mortality and a score of ≥7 with 100% mortality. 
Although already in 1999 a meta-analysis found the Ranson score to be a poor pre-
dictor of severity, it is still widely used [154]. Probably the most widely studied 
severity scoring system in acute pancreatitis is the APACHE-II score with 12 physi-
ologic measures; a score of ≥8 is associated with a mortality of 11–18% and there-
fore it is taken as an indication of severe pancreatitis [148, 150]. New severity scores 
including obesity such as the APACHE-O have been proposed [155]. One point was 
added for a BMI of 25–30 and two points were added for a BMI >30 kg/m2.

Meta-Analyses
Four meta-analyses have studied the relationship between obesity and the risk of 
acute pancreatitis, the severity and its complication [156–159]. No general accepted 
definitions of acute pancreatitis were proposed until September 1992, when the so-
called Atlanta criteria were launched which were revised in 2012 [150, 160]. All 
four meta-analyses used the Atlanta criteria and the aetiology was mainly biliary 
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(about 60%) followed by alcohol (about 17%). None of the meta-analysis took into 
account the distribution of fat and also could not adjust for gallbladder and other 
obesity-associated diseases.

Martinez et al. updated their 2004 meta-analysis in 2006. Obesity was defined by 
a BMI ≥30 kg/m2 [156, 157]. The meta-analysis involved 739 patients. Severe acute 
pancreatitis, defined by the Atlanta criteria, was 2.9 times more frequent in obese 
subjects (OR 2.9 (1.8/4.6)). They were also more at risk for systemic complications 
such as respiratory failure, renal failure and shock (OR 2.3 (1.4/3.8)) and for local 
complications (OR 3.8 (2.4/6.6)) such as severe necrosis and pancreatic infection 
with a twice as great risk of mortality (OR 2.1 (1.0/4.8)). This meta-analysis could 
not answer the question if the relationship between obesity and gallstones is associ-
ated with the relationship between obesity and acute pancreatitis.

Hong et  al. retrieved 14 studies: five studies evaluated BMI as a risk factor 
(N = 1571) and nine evaluated obesity as a prognostic marker for acute pancreatitis 
(N = 1365) [158]. Although the heterogeneity was high, obese patients when com-
pared with normal-weight subjects had a 34% increased risk of acute pancreatitis. 
There was an increased risk of severe acute pancreatitis (summary relative risk 
(SRR) 1.82 (1.44/2.30)), an increased risk of systemic (SRR 1.71 (1.147/2.50)) and 
local complications (SSR 2.32 (1.79/3.00)) and an increased mortality (2.21 
(1.28/3.83)), all without significant heterogeneity.

Wang et al. decided to study the impact of overweight besides that of obesity 
[159]. In eight studies including 939 patients the risks of severe pancreatitis (OR 
2.48 (1.34/4.60)), local complications (OR 2.58 (1.20/5.57)) and mortality (OR 3.81 
(1.22/11.83)) but not for systemic complications were increased in overweight 
patients. The poor prognosis for obese patients was again confirmed: in seven stud-
ies involving 786 obese patients obesity was associated with severe acute pancreati-
tis (OR 3.36 (2.35/4.81)). Complications were studied in four studies (n = 567). 
Both local (OR 6.23 (3.90/9.94)) and systemic (OR 2.95 (1.85/4.69)) complications 
were increased in the obese. The seven studies that looked at mortality (n = 889) 
found obesity to be related with significant mortality (OR 3.31 (1.96/5.60)). So, not 
only obesity but also overweight are additional prognostic factors of severity, local 
complications and mortality in acute pancreatitis.

Why Are the Obese at Risk of Acute Pancreatitis and Local  
and Systemic Complications?
Obesity is associated with several factors associated with the development of acute 
pancreatitis, such as gallstones, use of alcohol, smoking and high serum levels of 
triglycerides. There are two theories explaining the initiation of pancreatitis in gall-
stones: either obstruction at the ampulla due to an impacted stone or oedema as a 
result of the passage of a stone or reflux of bile into the pancreatic duct during tran-
sient obstruction by a stone at the ampulla [137, 141, 148]. Alcohol may increase 
the synthesis of digestive and lysosomal enzymes responsible for the development 
of acute pancreatitis by the pancreatic acini, making them oversensitive to the action 
of cholecystokinin [161, 162]. Smoking is an independent risk factor but the mecha-
nism remains unclear [163]. Hypertriglyceridaemia occurs in the setting of obesity, 
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diabetes and use of medications such as β-blockers, but the pathogenesis of pancre-
atitis in this condition is unexplained.

Besides the obese having several factors predisposing them to acute pancreati-
tis, there are obesity-related peculiarities that make them at risk for an adverse 
outcome [156–158]. Patients with obesity have a large visceral fat mass and 
increased accumulations of peripancreatic fat. The risk of infection is associated 
with the amount of pancreatic necrosis. They also have hyperinsulinaemia and 
thereby changes in their microcirculation which are predisposing to ischaemia. 
The excess visceral adipose tissue contributes to and accelerates the inflammatory 
cascade as adipose tissue is an important source of pro-inflammatory cytokines. 
The inflammatory condition of obesity may thus enhance the systemic inflamma-
tory response syndrome (SIRS) and multi-organ dysfunction (MOD) in acute pan-
creatitis. Obese have a restricted movement of chest wall and diaphragm and a 
reduced inspiratory capacity, leading to hypoxia and respiratory failure. The isch-
aemia and hypoxia result in deficient tissue oxygenation, which may aggravate the 
consequences of the excessive inflammatory response with multi-organ failure and 
death [156–158].

Pancreatic Cancer
There is a strong role for obesity and diabetes in the risk of pancreatic cancer. At 
least ten prospective trials have reported an elevated risk of pancreatic cancer when 
those with a BMI ≥30 kg/m2 were compared with those with a normal weight (BMI 
<25 kg/m2). The risks varied from 1.2 to 3.0 [164]. A meta-analysis of 14 studies 
showed a 19% increased risk when comparing a BMI of 30 with that of BMI 22 (RR 
1.19 (1.10/1.29)) [165].

The problem of the association between pancreatic cancer and type 2 diabetes is 
the obvious reverse causality: patients may develop type 2 diabetes as a result of 
their disease. Also, type 2 diabetes is often present in overweight and obese people 
and correction for the presence of overweight is lacking in most of the studies. A 
meta-analysis of 20 studies by Everhart et al. estimated that long-standing diabetes, 
for more than 5  years, increased the risk of pancreatic cancer twofold (RR 2.0 
(1.2/3.2)) [166]. A more recent meta-analysis of 50 studies by Huxley et al. found a 
slightly weaker association compared with non-diabetics; the risk was 50% higher 
both when diabetes existed for 5–9 or 10 years and longer (RR 1.5 (1.3/1.8) and RR 
1.5 (1.2/2.0), respectively) [167].

Four studies examined the role of elevated glucose levels in the risk of pancreatic 
cancer [168–171]. Two studies, the Chicago Heart Association Detection Project 
and the Whitehall study, looked at glucoses after a glucose tolerance test (GTT) and 
found a 2.4 times (especially in men) and a 4 times increased risk of pancreatic 
cancer, respectively, in those with elevated versus normal post-GTT glucose levels 
[168, 169]. The Korean Cancer Prevention Study followed patients with diabetes for 
10 years and found a 70% increased risk of pancreas cancer [170]. In the Alpha 
Tocopherol Beta Carotene (ATBC) study a twofold increase in risk was observed 
for those with glucose ≥7 versus <7 mmol/L and a similarly increased risk in those 
with insulin in the highest versus the lowest quartile [171]. So there were 
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statistically significant dose-response associations between glucose levels and pan-
creatic cancer. Apart from insulin there may be a role for insulin-like growth fac-
tor-1 (IGF-1) and oxidative stress.

The role of the diet composition with respect to carbohydrates, glucose and gly-
caemic index is debated. The relationship between carbohydrate intake, glycaemic 
index and glycaemic load and pancreatic cancer is inconsistent [164]. The role of 
added sugar, refined sugar and fructose has been examined in different studies 
showing a 2- to 3-fold increased risk with added sugar, a 2-fold increased risk with 
the intake of refined sugar and a 2.3-fold increased risk for ≥2 sweetened soda serv-
ings per day and a non-significant risk for fructose from high-fructose syrup 
[172–175].

1.8.2.3	 �Implications for Clinical Practice
As obese patients are at risk of gallstone development and of severe pancreatitis and 
cholangitis when duct obstruction occurs, all measures should be taken to diminish 
at least the risks. Besides a gradual weight loss when they attempt to lose weight, 
they should be advised to have a normal three-meal eating pattern without skipping 
breakfast and without having long periods of fasting. Advices of not drinking alco-
hol and not smoking should be given. When weight losses exceed the limit of safe 
weight loss of <1.5 kg/week, ursodeoxycholic acid should be recommended. As a 
preventive measure attention to the fat content of the diet should be given, which 
should at least contain 10 g of fats (which is often not the case with very-low-calorie 
diets). The prophylactic use of 600  mg ursochol for 6  months following gastric 
bypass has been shown to reduce the incidence of gallstones to 2% in the treatment 
group compared to 32% in the placebo group [176]. Six months’ daily intake 
resulted in prolonged absence of gallstone formation as at 24 months the differences 
were still present [177]. This is important as gallstone formation is correlated with 
the rate of weight loss and bile cholesterol normalises when the weight stabilises, 
usually after 24  months, and stones may disappear spontaneously. More impor-
tantly, the effectiveness of ursodeoxycholic acid prophylaxis has been confirmed by 
a meta-analysis [178].

1.8.3	 �Rectocolon

Colorectal cancer is, after lung cancer, breast cancer in women and prostate cancer 
in men, the fourth most incident cancer and the third leading cause of cancer-related 
death [179, 180]. The cumulative lifetime risk of developing colorectal cancer in the 
general population is 5%. As there is a distinct precursor in the form of an adenoma 
with the well-known adenoma-carcinoma sequence, a screening programme for 
colon cancer either by examination of stools or by sigmoidoscopy or colonoscopy, 
with removal of adenomas when present, has been instituted in many countries and 
has come to fruition with a favourable cost-benefit balance. The adenoma carci-
noma sequence is a multistep, multipath and multifocal process with progression of 
normal mucosa to small polyps and later larger ones that change from advanced 
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adenomas with advanced histology to invasive cancer. The advanced adenomas, 
defined by size ≥1 cm, villous component and/or high-grade dysplasia, are adeno-
mas that more likely progress to colorectal cancer.

Known risk factors for colorectal cancer (CRC) are the presence of colon polyps, 
age, menopausal status, family history of CRC, genetic alterations such as in famil-
ial adenomatous polyposis (FAP) and the Lynch syndrome, and inflammatory bowel 
disease [179]. The rapid rise of colon cancer in several populations previously con-
sidered at low risk for colon cancer, the incidence changes in migrant populations 
and the 20-fold difference in incidence between high- and low-risk areas suggest 
environmental factors as aetiological agents [181]. Obesity has been proposed as a 
risk factor for CRC and more for colon than for rectum cancer and the association 
is weaker for women than for men. The risk is increased in younger and premeno-
pausal women compared to older and postmenopausal women. In Europe 11% of 
the CRC cases are attributed to overweight and obesity [180]. Other factors like the 
distribution of adipose tissue, oestrogen levels, physical activity and diet also influ-
ence the risk of colorectal cancer. Dietary factors include the consumption of red 
meat and processed meat, low consumption of fruits and vegetables, low-fibre diet 
and foods low in calcium and folate.

1.8.3.1	 �Colorectal Adenoma
Obesity doubles the risk of development of colon adenomas and weight gain is also 
associated with an increased risk [179]. The risk appears higher in men than in 
women. The obesity risk is increased further by the abdominal, visceral distribution 
of fat which is reflected in an increased waist circumference or in increased visceral 
adipose tissue (VAT) as measured by computer tomography (CT) at the level of 
L4–L5. For instance, patients with adenomas had on average 1.5 times the VAT area 
compared with subjects without adenomas and increased VAT area was also associ-
ated with the number, size and aggressive histology of adenomas and advanced 
adenomas [164, 181]. VAT was not associated with recurrence of adenomas, sug-
gesting that visceral adiposity promotes growth rather than increasing the 
occurrence.

Patients with diabetes are also at increased risk for colon adenoma, especially 
those who are obese [164]. In the Nurses’ Health Study an increased risk for adeno-
mas was found (RR 1.63) in the highest quartile of C-peptide levels when control-
ling for BMI and exercise [164]. In the Veteran Study, advanced adenomas were 
found in 2903 older and male veteran patients [182]. Obese patients had a greater 
prevalence of advanced adenomas when compared with overweight and normal-
weight patients (28% vs. 23% and 24%). The risk of advanced adenoma by obesity 
was 1.01 (1.0/1.02) and there was a corresponding 1% increase in the frequency of 
finding an advanced adenoma per unit increase of BMI above 30. The findings were 
controlled for NSAID use, statin use, age and family history of CRC without chang-
ing the association. Controlling for NSAID use is important as they block cyclooxy-
genase (COX) enzymes and nuclear factor-kappa B (NF-κB) and thus prevent 
angiogenesis and have a pro-apoptotic effect on colonocytes. Statins in rodents have 
been shown to reduce the CRC risk by 47%.
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In a case-control study 2244 age- and sex-matched Korean subjects (1122 with 
and 1122 without adenomas) underwent an abdominal CT with measurement of 
visceral adipose tissue (VAT) and subcutaneous adipose tissue (SAT), colonoscopy, 
and were also investigated for the 5 different components of the metabolic syn-
drome (MetS) adapted for use in Asian populations and for insulin resistance by the 
HOMA-IR index [183]. The prevalence of smoking, hypertension and MetS and a 
family history of CRC were higher in the adenoma group than in the normal control 
group. In addition BMI, SAT and VAT areas, waist circumference, insulin and tri-
glycerides were higher and HDL cholesterol levels lower in the adenoma group. 
Mean HOMA was also higher in the adenoma group. In univariate analysis the pres-
ence of the MetS (OR 1.55 (1.27/1.90)) appeared to be a risk factor and when ana-
lysing the five components of the MetS after correction for NSAID aspirin and 
positive family history, increased waist (OR 1.66 (1.38/1.99)) and elevated triglyc-
erides (OR 1.53 (1.25/1.89)) were found to be the most prominent MetS compo-
nents that were significantly associated with colon adenoma. These two factors of 
the MS were considered to be closely related to visceral obesity but they were lost 
in the multivariate analysis when also VAT was included, meaning that VAT more 
sensitively predicts the presence of colorectal adenoma. In multivariate analysis 
VAT was independently associated with the risk of colorectal adenoma (OR 3.09 
(2.19/4.36) for the highest quintile versus the lowest quintile) and there appeared to 
be a dose-dependent relationship: for a 10  cm2 increase in VAT area the risk of 
colorectal adenoma increased by 9%. VAT but not SAT was found to be related to 
the number of polyps, maximum polyp size and advanced adenoma.

Two recent studies urged the need to look at the colon in patients with non-
alcoholic fatty liver disease (NAFLD) [184, 185]. Hwang et al. investigated 2917 
participants by colonoscopy, ultrasound and liver tests; they found a prevalence of 
41.5% of NAFLD in patients with adenomatous polyps and of 30.2% in the control 
group [184]. Wong et al. recruited subjects of 40–70 years referred for colonoscopic 
screening from two study cohorts: one cohort from the community, who had their 
liver fat estimated by proton magnetic resonance spectroscopy (1H-MRS), and the 
other cohort from patients with biopsy-proven NAFLD [185]. Patients with NAFLD 
had a higher prevalence of adenomas (34.7% vs. 21.5%) and advanced adenomas 
(18.6% vs. 5.5%) than healthy controls. Moreover, 46.4% of adenomas in NAFLD 
and 44.7% of the advanced adenomas were right-sided lesions. In the group of 
biopsy-proven NAFLD, patients with inflammation, i.e. patients with non-alcoholic 
steatohepatitis (NASH), had a higher adenoma rate (51.0% vs. 25.6%) and advanced 
adenoma (34.7% vs. 14%) than non-NASH NAFLD patients. After adjustment, 
NASH was associated with an about five times higher risk of adenoma (OR 4.89 
(2.04/11.7)) and advanced adenoma (OR 5.34 (1.92/14.84)) rate compared with 
simple steatosis. Patients with simple steatosis were similar to control subjects in 
adenoma and advanced adenoma rates. So, NASH was associated with a high preva-
lence of adenomas and advanced adenomas and these were mainly located in the 
right colon, needing a total colonoscopy procedure. NAFLD patients are character-
ised by a profound insulin resistance, with high insulin and IGF-1 levels and low 
adiponectin levels, and a pro-inflammatory state [185].
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Meta-Analyses
A significant increased risk of colorectal polyps was found in patients with obesity 
and with abdominal obesity. Lee et al. included 25 studies in their meta-analysis and 
found a pooled odds ratio for obesity and abdominal obesity of 1.43 (1.23/1.67) in 
22 studies and 1.42 (1.30/1.56) in 12 studies, respectively [186]. In a subgroup 
meta-analysis the risk was present for both men and women, for Asian and non-
Asian countries and for distal and total colorectum, and the risk was highest for 
advanced polyps (OR 2.16 (1.49/3.14)). Also a dose-response relationship was pres-
ent with risks increasing from 1.19  in the lowest category of BMI to 1.40  in the 
middle and 1.69 in the highest BMI category. They suggested that the strong posi-
tive association of abdominal adiposity with large and advanced polyps supported 
the hypothesis of the role of hyperinsulinaemia, in which insulin and insulin-like 
growth factor-1 (IGF-1) are the molecules mediating the progression of small to 
advanced polyps. The growth and progression by the effects of insulin and IGF-1 
seem stronger in advanced than in less advanced polyps. In an extensive and com-
prehensive review Bardou et al. summarised their findings on four meta-analysis on 
colorectal adenoma [180, 186–189] (Table 1.5). All meta-analyses showed a small 
but significant association with similar trends over sexes, races, countries, site in the 
colon other than rectum, etc. The most recent meta-analysis by Okabayashi found a 
dose relationship with BMI 25–30 of 1.21 and BMI ≥30 of 1.32 when compared 
with a BMI <25  kg/m2 [188]. Ben et  al. looked at the dose-response per 5 unit 
increase in the BMI (Table 1.5) [188, 189].

1.8.3.2	 �Colorectal Carcinoma
Several large studies and also different meta-analyses have found a consistent posi-
tive association of obesity defined as a BMI ≥30 kg/m2 and colon cancer in men 
and women. Bardou et al. summarised the findings of 5 meta-analyses and found a 
moderately increased risk of 1.5–2-fold (Table 1.6) [37, 180, 190–193]. The asso-
ciation was weaker for women than for men. This was also true for the waist cir-
cumference and the WHR.  Most studies showed that the associations of waist 
circumference and WHR with colon cancer were stronger than for BMI and the 
associations remained when they corrected for BMI but attenuated when they cor-
rected for waist circumference and WHR, indicating the strongest influence of 
abdominal obesity [191]. Most of the studies report a lower but significant associa-
tion of rectum cancer with BMI in males; in females this association is inconsistent 
and also the relationship of rectum cancer with waist and WHR is unclear or absent 
(Table 1.6).

There seems also to be an ethnic difference as findings of the USA and Europe 
are in the same direction and with a somewhat higher risk estimate in the USA 
concerning the relation between obesity and colon cancer or CRC whereas in 
Asian countries mainly obese males seem to be affected by colon cancer 
(Table 1.6). Many of the studies did not take into consideration the effect modifi-
cation by age and menopausal status which may explain the inconsistent or weak 
findings among women. The menopausal status was addressed by the Canadian 
Breast Screening Study which found a weak and insignificant association with 
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obesity (BMI ≥30 kg/m2) in the entire cohort (HR 1.08 NS) [194]. Obesity was 
associated with an approximately twofold risk (HR 1.88 (1.24/2.86)) in women 
who were premenopausal at inclusion and no altered risk was present among post-
menopausal women (with a trend of a small to moderately decreased risk (HR 
0.92) for colon cancer). Similar results were found in three older studies with a 
twofold increased risk in Swedish obese subjects below age 55, in female Seventh 
Day Adventists, and in obese women in the Nurses’ Health Study who were 
between 34 and 59 at entrance [195–197]. These findings are surprising given that 
the menopause is associated with a redistribution of fat towards the abdomen 
[181]. Age is a bias here, as Swedish obese subjects older than 55 years and nurses 
older than 65 years did not have a higher CRC risk [196, 197]. So, the association 

Table 1.5  Published meta-analyses on colorectal adenoma (CRA) with only mentioning of risk 
ratios that were statistically significant

Author and year
No. of studies/
search period Reported analysis Outcomes

Risk ratios 
(95% CI)

Lee’11 [186] 25 
studies/1964–
June 2010

Lower class BMI 
≥25 and ≥23 in 
Asians
Moderate-class 
BMI ≥30 and 
≥25 in Asians

Men
Women
Asian countries
Western countries
Waist
Site distal CR
Site total CR
Large/advanced
Small/
non-advanced

1.39 (1.10/1.76)
1.37 (1.08/1.73)
1.88 (1.30/2.71)
1.30 (1.11/1.52)
1.42 (1.30/1.56)
1.46 (1.46/1.72)
1.45 (1.17/1.78)
2.16 (2.16/3.14)
1.51 (1.15/1.99)

Hong’12 [187] 21 studies/up 
to October 
2011

Dose-response per 
10 cm increase in 
waist and 0.1 unit 
increase in WHR

Waist
WHR
Men waist
Women waist
Men WHR
Asian waist
Non-Asian waist
Non-Asian WHR

1.39 (1.24/1.56)
1.22 (1.10/1.36)
1.38 (1.11/1.70)
1.24 (1.00/1.56)
1.34 (1.14/1.58)
1.38 (1.17/1.56)
1.39 (1.20/1.61)
1.26 (1.11/1.43)

Okabayashi’12 
[188]

23 
studies/1980–
August 2011

BMI 25–30 and 
≥30 vs. BMI <25

BMI risk CRA
Western countries
Asian countries

1.24 (1.16/1.33)
1.18 (1.04/1.34)
1.35 (1.27/1.44)

Ben’12 [189] 36 studies/up 
to July 2011

Dose-response per 
5 unit increase in 
BMI

BMI risk CRA
Men
Women
White
USA
Europe
Asia
<10 mm
≥10 mm
Non-advanced
Advanced

1.19 (1.13/1.26)
1.15 (1.05/1.26)
1.08 (1.02/1.14)
1.12 (1.04/1.21)
1.18 (1.09/1.26)
1.16 (1.06/1.27)
1.29 (1.11/1.51)
1.53 (1.18/1.98)
1.49 (1.16/1.91)
1.36 (1.17/1.58)
1.70 (1.12/2.58)

BMI Body mass index; WHR waist/hip ratio; CI confidence interval; CR colorectal
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between obesity and CRC in premenopausal women may be as strong and as con-
sistent as that in men.

Apart from age and menopausal status physical activity is a confounding factor 
[181]. A meta-analysis of the association between CRC and physical activity by 

Table 1.6  Published meta-analyses on colorectal cancer (CRC) with only mentioning of risk 
ratios that were statistically significant

Author and year
No. of studies/
search period

Reported 
analysis Outcomes

Risk ratios 
(95% CI)

Dai’07 [190] 15 studies/up 
to January 
2007

BMI ≥30 Men colon cancer
Men rectal cancer
Men CRC
Waist men colon
Waist women colon
WHR men colon
WHR women colon
WHR men rectum

1.71 (1.33/2.19)
1.75 (1.17/2.62)
1.37 (1.21/1.56)
1.68 (1.36/2.08)
1.48 (1.19/1.84)
1.91 (1.46/2.49)
1.49 (1.23/1.81)
1.93 (1.19/3.13)

Larsson’07 
[191]

31 
studies/1966–
April 2007

Per 5 unit 
increase in BMI, 
per 10 cm 
increase in waist 
and per 0.1 unit 
increase in WHR

Men colon
Women colon
Men rectum
Waist men colon
Waist women colon
Waist men rectum
WHR men colon
WHR women colon
USA men colon
USA women colon
EU men colon
EU women colon
Asia men colon

1.30 (1.25/1.35)
1.12 (1.07/1.18)
1.12 (1.09/1.16)
1.33 (1.19/1.49)
1.16 (1.09/1.23)
1.12 (1.03/1.22)
1.43 (1.19/1.71)
1.20 (1.08/1.33)
1.39 (1.31/1.48)
1.17 (1.08/1.25)
1.27 (1.22/1.32)
1.04 (1.02/1.07)
1.16 (1.05/1.28)

Moghaddam’07 
[192]

31 studies/up 
to April 2007

BMI ≥30 Men CRC
Women CRC

1.46 (1.36/1.56)
1.15 (1.06/1.24)

Guh’09 [37]a 12 studies/up 
to January 
2007

BMI ≥30 Men CRC
Women CRC
USA men CRC
USA women CRC
EU men CRC
EU women CRC
Waist men CRC
Waist women CRC

1.95 (1.59/2.39)
1.66 (1.52/1.81)
1.86 (1.40/2.46)
1.47 (1.30/1.66)
2.00 (1.40/2.87)
1.74 (1.68/1.81)
2.93 (2.31/3.73)
1.55 (1.27/1.88)

Harriss’09 [193] 28 
studies/1966–
December 
2007

Per 5 unit 
increase in BMI

Men colon
Women colon
Men rectum
USA men colon
USA women colon
EU + A men colon
EU + A women 
colon
Asian men colon

1.24 (1.20/1.28)
1.09 (1.04/1.14)
1.09 (1.06/1.12)
1.35 (1.21/1.50)
1.13 (1.06/1.19)
1.21 (1.18/1.24)
1.04 (1.00/1.07)

1.32 (1.20/1.46)

BMI Body mass index, WHR waist/hip ratio, EU Europe, EU + A Europe + Australia; CI confi-
dence interval
aData given as incidence risk ratio
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Samad et al. could demonstrate a similar decrease in colon cancer (not rectal can-
cer) risk by increased physical activity both in men and women [198]. Slattery 
showed that 12–14% of colon cancers can be attributed to lack of involvement in 
vigorous exercise [199]. Two meta-analysis by the same authors found a decreased 
risk of colorectal adenoma (OR 0.84 (0.77/0.92)) and colorectal carcinoma (OR 
0.76 (0.71/0.82)) with increased physical activity [200, 201]. Adjustment for a con-
founding factor such as diet (increased red meat and processed meat, low folate and 
low fibre consumption) did not change the association. Physical inactivity also 
increases the risk of dying after the diagnosis of colon cancer.

Meta-Analyses
Three of the five meta-analyses as shown in Table 1.6 compared categories of BMI 
≥30 kg/m2 with normal-weight categories. Three of these meta-analyses have also 
estimated the strength of the association between obesity and CRC and the dose-
response relationship: in the meta-analysis of Moghaddam et al. the risk of develop-
ing CRC increased by 7% per 2 unit (kg/m2) increase in BMI and with 4% for each 
2  cm increase in waist [192]. In the meta-analysis of Larsson et  al. each 5 unit 
increase in BMI increased the risk by 30% in males and by 12% in females; for each 
10 cm increase in waist circumference the risk increased by 33% in men and by 16% 
in women and for each 0.1 unit increase in WHR the risk increased by 43% in men 
and by 20% in women [191]. Similarly, Harriss et al. found an increased risk of colon 
cancer by 24% in males and 9% in females by each 5 kg/m2 increase in BMI, but only 
a 9% increased risk in males and no increased risk in females for rectal cancer [193].

1.8.3.3	 �Pathophysiology of Obesity in Relation to Adenoma 
and Carcinoma

High BMI, physical inactivity and visceral adiposity are consistent risk factors for 
colon adenoma and colon cancer [164]. Also patients with type 2 diabetes and meta-
bolic syndrome are at risk. They all have a common feature: hyperinsulinaemia 
which is a consistent marker of increased colon cancer risk. Also, altered levels of 
adipokines seem to be of importance. Other biological factors such as bile acids and 
gut microbiota are still under investigation.

In the pathophysiology of adenoma and carcinoma the role of the visceral fat is 
predominant by itself or indirectly which is in contrast to gastro-oesophageal reflux 
disease where also mechanical factors play a role. Colon cancer in men is positively 
associated with BMI and central adiposity whereas in women these associations are 
weak or non-existing. Such relationships of rectal cancer are either not investigated 
and thus unknown, or weak and restricted to men. Visceral fat deposition, reflected 
in waist circumference measurements or visceral adipose tissue (VAT) measure-
ment by CT, is associated with insulin resistance and higher circulating insulin lev-
els. Especially, hyperinsulinaemia is the critical factor [164, 180, 181]. BMI is 
strongly correlated with plasma insulin levels. Increased insulin lowers blood levels 
of insulin-like growth factor-binding proteins (IGFBP-1 and IGFBP-2), resulting in 
more free and bioactive insulin and IGF-1, which is associated with the risk of CRC 
in men and women. IGF-1 has a role in the control of normal growth, maintenance 
of tissue homeostasis, altering the balance between proliferation and apoptosis, and 
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differentiation, angiogenesis, cell migration, cell adhesion and wound healing. 
IGF-1 is a procarcinogen that stimulates cell growth and decreases apoptosis. Serum 
C-peptide is a surrogate test for insulin secretion and many studies found a relation 
between the highest levels of C-peptide and colon cancer [164, 180, 181]. In the 
Physicians’ Health Study, men with a C-peptide in the highest versus the lowest 
quintile had a 2.7 times higher risk for CRC after adjustment for BMI and exercise 
[202]. After controlling for the components of the MetS the risk rose to 3.4. In the 
Nurses’ Health Study both an increased risk of adenomas (RR 1.63) and an increased 
risk of colorectal carcinoma (RR 1.73) were found in the highest quartile of 
C-peptide versus the lowest quartile after adjustment for BMI and exercise [203]. 
Patients with acromegaly have an increased risk of colon cancer because of elevated 
IGF-1 from excessive growth hormone secretion.

The stronger associations in men may be explained by a more prevalent abdomi-
nal obesity. As women tend to accumulate lesser VAT than men with weight gain, 
this may be an explanation for the gender differences between the risk of cancer and 
obesity, apart from the role of gonadal hormones. Endogenous oestrogens may be 
protective and are associated with a lower risk of CRC by inhibiting proliferation 
and increasing apoptosis [194, 197]. Adipose tissue is the only tissue that expresses 
oestrogen aromatase and is therefore a primary source of oestrogens by conversion 
of androgens into oestrogens both in men and women. So, in postmenopausal 
women extraglandular endogenous oestrogen may counteract the deleterious effects 
of insulin and IGF-1 and may result in a reduced risk of CRC, which is rather sur-
prising as postmenopausal women behave like men and are more likely to store their 
fat intra-abdominally [194]. Postmenopausal hormone use has been associated with 
decreased risk of colon or colorectal cancer in 7 of the 14 studies by Calle et al. [8, 
181]. In premenopausal women obesity increases insulin and the contribution of 
adipose oestrogens is relatively unimportant when compared to that derived from 
the ovaries [164, 194, 197]. The balance between insulin and IGF-1 and the oestro-
gens is towards the adverse effects of insulin, thus having a net effect of increasing 
the risk of CRC. Moreover, adiposity is inversely correlated with testosterone in 
men but positively associated in women [191]. Androgen deprivation increases adi-
posity and insulin resistance in men. An obesity-induced reduction of testosterone 
would be another reason for a higher CRC risk in men.

Physical activity increases insulin sensitivity and reduces plasma insulin levels. 
It reduced the risk of CRC by 25–50% in physically active individuals [179, 198, 
200, 201]. The protection by increased physical activity, related to improved insulin 
sensitivity, is stronger for colon cancer and absent for rectum cancer [164, 180, 
181]. This suggests that colon cancer is more related to insulin resistance and hyper-
insulinaemia than rectum cancer. A diet high in refined sugars and low in dietary 
fibre, linked to colon cancer, also causes hyperinsulinaemia [181].

Metabolic Syndrome
Type 2 diabetes has a 1.43 times increased risk of colon carcinoma and there 
appears also to be an increased risk for colon adenoma, especially in those who are 
obese. Hyperglycaemia is associated with increased risk of colon carcinoma. Also, 
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the presence of the metabolic syndrome increases the risk of colon carcinoma [164, 
180]. One study investigated the risk of CRC with increasing number of compo-
nents of the MetS and found a significantly increased risk of 2.40 and of 2.57 for 
two and three component versus none [204]. The study by Hu et al. in Taiwan did 
the same for colorectal adenoma and found a significantly increased risk of 1.61, 
2.57 and 3.23 for 3, 4 and 5 components, respectively, of the MetS [205]. Kang 
et al. [183] measured VAT, SAT and metabolic syndrome components adapted for 
use in Asian people. In univariate analysis the presence of the MetS (OR 1.55 
(1.27/1.90)) is a risk factor and, when analysing the five components of the MS 
after correction for NSAID, aspirin and positive family history, increased waist and 
elevated triglycerides were found to be significantly associated with colon ade-
noma. These two factors of the MetS were lost in the multivariate analysis when 
also VAT was included. Apparently, VAT predicts more sensitively the presence of 
colorectal adenoma. VAT has been identified as a risk factor for colorectal ade-
noma (risk 1.6) and for colorectal cancer with risks varying between 1.9 and 4.0, 
either independently or via VAT-secreted adipokines [180]. VAT is associated with 
colorectal adenoma independently of BMI.

Visceral Fat and Adipokines
Omental and subcutaneous fat are metabolically different [206]. The glucose uptake 
in general, insulin-stimulated glucose uptake and depressed insulin-induced glu-
cose uptake by steroid blockade were greater in omental fat. Also, liposuction of a 
substantial amount of subcutaneous fat (a mean of 6.3 kg in subjects with normal 
glucose tolerance and 8.9 kg in type 2 diabetes patients) did not change insulin sen-
sitivity in liver, muscle and adipose tissue; did not change blood levels of glucose, 
insulin or lipids; and did not result in changes in inflammatory mediators [207]. 
However, in a pilot study, omentectomy, i.e. removal of visceral fat, together with 
gastric banding resulted in 2–3 times greater improvements in oral glucose toler-
ance, insulin sensitivity and fasting plasma glucose and insulin with no differences 
in blood lipids and these improvements were statistically independent of the loss in 
body mass index [208].

The relationship between adiposity and insulin sensitivity can be summarised as 
follows: weight gain increases visceral adipose tissue past a threshold and then the 
patient passes into a phase of insulin resistance in which the VAT area correlates 
with C-peptide, insulin and leptin [209].

Insulin is the best established biochemical mediator between obesity and colon 
cancer. Obesity is also associated with high leptin and low adiponectin levels and 
both high leptin and low adiponectin levels are related to increased risks of colorec-
tal carcinoma.

Both leptin and adiponectin have an influence on intracellular signal pathways 
such as the phosphatidylinositol 3-kinase/Akt (PI3K/Akt), mitogen-activated pro-
tein kinase (MAPK) and extracellular signal-regulated kinase (ERK), which play an 
important role in colon carcinogenesis [210]. Leptin is secreted by white adipose 
tissues and leptin receptors are present in colon tissue. It activates the signal trans-
duction pathways such as Jack kinase, mTOR, AMP-activated protein kinase 
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(AMPK), ERK and MAPK [180, 209, 210]. High leptin levels are associated with 
increased colorectal cancer risk and also with more aggressive tumours; it does not 
initiate tumours but is involved in tumour growth.

Adiponectin is an insulin-sensitising hormone with two known receptors, 
ADIPOR1 expressed in skeletal muscle and ADIPOR2 expressed in the liver. Also, 
adiponectin and its receptors are expressed in colonic tissue and adiponectin is 
inversely associated with colorectal cancer risk [180, 209, 210]. Compared with 
males in the lowest quintile, men in the highest quintile had a 58% lower risk of 
colorectal cancer [211]. Two meta-analyses found an inverse association of adipo-
nectin and CRC [212, 213]. One meta-analysis of 13 studies found that per 1 μg/mL 
higher adiponectin the risk of CRC decreased by 2% [212]. In mice, adiponectin 
suppresses colonic epithelium proliferation by inhibition of the mTOR pathway and 
stimulation of the AMP-activated protein kinase pathway, under the condition of a 
high-fat diet but not a basal diet [84, 214]. A high-fat diet might be able to affect the 
expression of molecules which link metabolism, inflammation and cancer [214]. 
Adiponectin counteracts leptin and decreases the PI3K/Akt signal pathway acti-
vated by leptin [210, 215]. Adiponectin also modulates genes involved in inflamma-
tion and can inhibit inflammatory pathways such as IL-6 and TNF.

1.8.3.4	 �Implications for Clinical Practice
Current guidelines recommend CRC screening in adults aged 50–70 years. However, 
it has been demonstrated that males with abdominal obesity and metabolic syn-
drome might benefit from screening starting at 45  years of age. In the study by 
Wong et al. males and females aged 40–50 years with biopsy-proven NAFLD, and 
even more so when inflammation, i.e. NASH, was present, had a higher prevalence 
of adenomas and advanced adenomas compared with controls, which were in 45% 
of cases right-sided [184, 185]. The clinical implication might be screening by total 
colonoscopy at an earlier age than indicated by the guidelines. At least gastroenter-
ologist should be aware of the association.

Apart from being at risk for colorectal cancer while being obese the question is 
whether obesity influences the outcome after surgery. The outcome might also be 
related to lifestyle factors associated with obesity such as decreased physical activity 
and indeed physical inactivity increases the risk of dying after the diagnosis of colon 
cancer [181]. As to the short-term outcomes for CRC Bardou et al. reviewed the lit-
erature on surgery [180]. They retrieved 20 published observational studies and 
found indications of a significantly longer hospital stay, an increased complication 
rate, more wound infection and significantly more blood loss. A meta-analysis of 8 
studies and a narrative review of 33 studies showed increased conversion rates, oper-
ating times and postoperative morbidity [216, 217]. Obesity might be associated with 
a decreased overall survival in patients with CRC independently of MetS [180].

Bardou et al. also reviewed the response to chemotherapy [180]. Visceral fat and 
its metabolic hormones promote angiogenesis and thus might predict a less well 
response to vascular endothelial growth factor (VEGF)-targeted therapy (bevaci-
zumab). They summarised the available literature as follows. When comparing 
bevacizumab-based regimen with chemotherapy, obese patients with high BMI and 
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more visceral fat had no response to the former and did well on the latter. High 
visceral fat was independently associated with time to progress, response and over-
all survival. These results were confirmed in a study that showed that responders 
had lower visceral adipose tissue than non-responders. Also in the CAIRO and 
CAIRO2 studies a high BMI predicted a better survival in the chemotherapy group 
but not in combined chemotherapy + targeted treatment.

So, to reduce the risk of colorectal cancer, obese patients should lose weight, be 
more active physically and eat a more healthy food with less meat and more fruits, 
vegetables, fibre, calcium and folic acid. Although bariatric surgery has resolved or 
improved many comorbidities and also reduced the mortality risk, there is still some 
debate about potentially adverse effects. Hull and Lagergren cautioned against the 
assumption that bariatric surgery will lead to a decreased future incidence rate of 
CRC [218]. They studied a large cohort of 15,095 patients after bariatric surgery 
and both restrictive and malabsorptive interventions were included [219]. They 
found an increased standardised incidence ratio (SIR) of 2.0 (1.48/2.64) for colorec-
tal cancer 10 years after surgery whereas the comparator obese group of 62,016 
subjects who had never undergone surgery had a stabile SIR of 1.26 (1.14/1.40). 
Several factors have to be taken into account: the effect of residual excess weight 
and a tendency to gain weight postoperatively, but also less desirable consequences 
of certain operations such as higher intraluminal bile concentrations and changes in 
microbiota after a gastric bypass, but also the general recommendation to increase 
the dietary protein postoperatively.

1.8.4	 �Liver

Non-alcoholic fatty liver disease (NAFLD) encompasses the entire spectrum of 
fatty liver disease from simple non-alcoholic fatty liver (NAFL) on the one hand to 
the more complicated non-alcoholic steatohepatitis (NASH), with eventually liver 
fibrosis/cirrhosis, and hepatocellular carcinoma (HCC) on the other [220, 221]. The 
natural course and the different stages of the disease with frequencies of evolution 
are depicted in Fig. 1.5 [222].

NAFLD                          NASH Fibrosis Cirrhosis Liver-related mortality 13%

Hepatocellular carcinoma
Mortality 28% 

Liver transplantation

Extrahepatic consequences Cardiovascular mortality 25%

10-15%

25-30%

30% per 5 year

28%

10% mortality
per 10 year 

Fig. 1.5  The NAFLD spectrum with rates of prevalence, changeover and mortality
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1.8.4.1	 �Non-alcoholic Fatty Liver Disease
NAFLD is characterised by excessive hepatic fat accumulation, associated with 
insulin resistance, and is defined by the presence of steatosis in >5% of hepatocytes 
according to histological analysis, or by a proton density fat fraction, a rough esti-
mation of the volume fraction of fatty material in the liver, >5.6% assessed by pro-
ton magnetic resonance spectroscopy (1HMRS) or quantitative fat/water-selective 
magnetic resonance imaging (MRI) [221].

The diagnosis of NAFLD requires (1) the exclusion of chronic liver diseases 
associated with fat accumulation such as viral hepatitis, Wilson’s disease, lipodys-
trophy and abetalipoproteinaemia, systemic diseases or certain lipogenic drugs such 
as amiodarone, corticosteroids and antiretroviral medications and (2) hepatic fat 
accumulation in the absence of significant alcohol use in the last 2 years, defined as 
>21 drinks per week in men and >14 drinks per week in women, or a daily alcohol 
consumption ≥30 g for men and ≥20 g for women [220, 221]. There are also data 
to suggest that hypothyroidism, hypogonadism, hypopituitarism, sleep apnoea and 
PCOS, common comorbidities of obesity, further drive NAFLD prevalence and 
severity independent of obesity [220, 221].

In NAFL simple steatosis is present with an absent to low risk of progression to 
cirrhosis. The diagnosis of NASH requires the joint presence of steatosis and inflam-
mation with hepatocyte ballooning and lobular inflammation. They may be at risk 
of progressive disease. The NAFLD Activity Score (NAS) scoring system is a com-
posite score to quantify features of steatohepatitis and to assess treatment response 
in NASH clinical trials [223]. It is composed of steatosis (0–3), lobular inflamma-
tion (0–3) and hepatocyte ballooning (0–2) grades and ranges from 0 to 8. Fibrosis 
in NASH is staged separately on a scale from 0 to 4 with stages 3–4 considered 
advanced fibrosis.

NAFLD is tightly associated with insulin resistance, not only in the liver, but also 
in muscle and adipose tissues, and thus with metabolic risk factors and components 
of the metabolic syndrome (MetS) and may be considered as the hepatic manifesta-
tion of the MetS. The clinical burden of NAFLD being closely related to obesity and 
other metabolic syndrome risk factors is expected to grow with the bourgeoning 
epidemics of obesity and diabetes. Moreover, NASH is assumed to be the underly-
ing cause in 30–75% of cryptogenic cirrhosis [224]. NASH-related cirrhosis is the 
most rapidly rising indication for liver transplantation and by the year 2020 may be 
the leading cause of liver transplantation.

Patients with NAFLD are mostly asymptomatic and when symptoms are present 
patients complain of fatigue, malaise and right upper quadrant discomfort. Incidence 
data are sparse and both incidence and prevalence data of NAFLD vary according 
to the assessment methods used such as histology, ultrasound, liver aminotransfer-
ases or proton magnetic resonance spectroscopy (1H-MRS) or magnetic resonance 
imaging (MRI). The incidence of NAFLD is 31 and 86 cases per 1000 person-years 
based on elevated liver enzymes and/or on ultrasound (US), and 34 per 1000 person-
years by 1H-MRS, but is also reported as low as 29 cases per 100,000 person-years 
in a study from the UK [220, 221]. Sherif et al. reviewed the epidemiological data 
and found a worldwide prevalence of NAFLD between 4 and 46% with a reported 
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3–5% prevalence of NASH [225]. For Western countries these data are for NAFLD 
and NASH, 20–40% and 2–3%, respectively. In the USA prevalences of 27–34% 
and 3–5%, and in Canada 7% and 3%, have been reported for NAFLD and NASH, 
respectively. So, one can state that in the general population a median prevalence of 
NAFLDF of 20% is estimated with only a prevalence of NASH between 3% and 
5%; the prevalence of NASH-related cirrhosis is not known. They also reviewed the 
NHANES studies in the USA and found an increased prevalence according to the 
NHANES study from 5.5% in 1988 to 11% in 2008 and an increased proportion of 
NAFLD among chronic liver disease from 47% in 1998 to 75% in 2008, attributable 
to a rise in the prevalence of obesity, insulin resistance and significantly altered 
dietary habits [222, 225]. Indeed, when considering obese patients and patients with 
the metabolic syndrome or type 2 diabetes, prevalence was high: the prevalence in 
obese patients, especially with hyperlipidaemia, is 60–85%, and in diabetic patients 
it is 30–50%. From the NHANES, the Dallas and the San Antonio study, Sherif 
et  al. also found US Hispanics to be the most disproportionally affected ethnic 
group with African-American being the least affected, presumably explained by 
genetic disparities [225].

NAFLD increases with age and is more prevalent in men. Somewhat alarming 
are the findings in healthy and non-obese young living liver donors, who were 
reported to have a prevalence of NAFLD varying from 17.9% in Japan to 34% in the 
USA [225].

The natural course of NAFLD has been studied in two meta-analyses by Vernon 
et al. and Musso et al. [226, 227]. They show that a minority will progress from 
simple fatty liver to NASH and also that only NASH is associated with an increased 
risk of progressive liver disease. In the spectrum of NAFLD only one-third will 
develop NASH and NASH is the only disease in the NAFLD spectrum that is asso-
ciated with progression to cirrhosis (9–20% over 5–10 years) and HCC [228]. In a 
meta-analysis of three population-based and four community-based studies with a 
follow-up between 7.3 and 24  years, the overall mortality was 57% higher in 
NAFLD compared with the normal population with a 2.16 times increased cardio-
vascular mortality but not an increased extrahepatic malignancy mortality [227]. 
Looking at all deaths 13% of all deaths were related to liver, 28% related to malig-
nancy and 25% of all cases related to ischaemic heart disease. Patients with NASH 
and a fibrosis score of 3–4 had a 3.3 times higher overall and disease-related mortal-
ity. When patients with NASH were compared with patients with NAFL they had an 
18% higher mortality, but the liver-related mortality was 5.7 times higher.

A number of factors have been mentioned as potentially leading to the progres-
sion of the fatty liver disease such as obesity, type 2 diabetes mellitus (T2DM), age, 
degree of inflammation, alanine aminotransferase (ALT), aspartate aminotransfer-
ase (AST)/ALT ratio, triglycerides, C-peptide, insulin resistance, female sex and 
hypertension [229]. Also findings at biopsy are important as the degree of inflam-
mation is the strongest and independent predictor of fibrosis progression [230]. Two 
studies from Sweden demonstrated that the stage of fibrosis was the only indepen-
dent histological feature on liver biopsy associated with long-term overall mortality 
and disease-specific mortality [231, 232].
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As earlier mentioned, coronary heart disease is the primary cause of morbidity 
and mortality in patients with NAFLD [233]. There is a strong association between 
NAFLD and risk of coronary heart disease and cardiac complications such as left 
ventricle dysfunction, heart valve disease and atrial fibrillation. NAFLD is associ-
ated with the metabolic syndrome and therefore with multiple cardiac risk factors 
such as abdominal obesity, hyperglycaemia, insulin resistance, atherogenic dyslipi-
daemia, hypertension, ectopic fat accumulation and an altered adipocyte-related 
hormonal and cytokine profile which results in the development of a pro-
inflammatory and pro-atherogenic milieu.

Recent studies have challenged the dogma that NAFL is not progressive. 
Singh et al. studied the progression of the disease in a meta-analysis of six stud-
ies in 133 NAFLD patients and of seven studies in 116 NASH patients [234]. The 
pooled data from six studies with 133 patients with simple steatosis with over 
2146 person-years of follow-up showed that 52 (39.1%) patients developed pro-
gressive fibrosis and 70 (52.6%) remained stable while 11 patients (8.3%) had 
improvement of fibrosis. Accordingly, the fibrosis progression rate in patients 
with simple steatosis and absence of fibrosis at baseline was 0.07 stages, translat-
ing into 1 stage of fibrosis progression over 14.3 years. The pooled data of 116 
NASH patients found that 40 patients (34.5%) developed progressive fibrosis, 45 
(38.8%) remained stable and 31 (26.7%) showed improvement in fibrosis. The 
annual fibrosis progression rate in NASH without baseline fibrosis was 0.14 
stages, translating into 1 stage of progression over an average of 7.1  years. 
Predictors associated with progression of fibrosis in NASH appeared to be age, 
inflammation at index biopsy, hypertension and a baseline low AST/ALT ratio. 
The long-term outcome related to histology was reported by Matteoni in 132 
patients over 8  years [235]. Cirrhosis developed in 21–28% of patients with 
NASH compared to 3% in non-NASH with a liver-related mortality of 11% ver-
sus 2%. They updated their cohort with 18.5  years of follow-up and found 
increased liver-related mortality of 18% in the NASH and 3% in the non-NASH 
groups [236].

In the Million Women Study with 1.3 million women the admission rates and 
death rates for liver cirrhosis in a 6-year follow-up period were investigated [237]. 
Compared with the reference group with a BMI of 22.5–24.9 kg/m2, those with a 
BMI of 25–27.4 had a non-significant 5% higher risk and with a BMI of 27.5–29.9 
a non-significant 11% higher risk of liver cirrhosis. However, those with a BMI 
30–34.9 had a 49% higher risk (RR 1.49 (1.33/1.68)) and those with a BMI 35–39.9 
a 77% higher risk (RR 1.77 (1.49/2.10)) and per 5 units of increased BMI the risk 
of cirrhosis increased by 24% (RR 1.24 (1.19/1.38)). The relative risk did not change 
according to the amount of alcohol consumed but the absolute risk did. The absolute 
risk of liver cirrhosis per 1000 women over a period of 5 years was 2.7 (2.1/3.4) and 
5.0 (3.8/6.6) in women who reported drinking 150 g or more per week (18 units) 
with a BMI of 22.5–25.0 and BMI ≥30 kg/m2, respectively. Also, Hart et al. showed 
that being overweight or obese and drinking 15 or more units each week had a syn-
ergistic effect which amplified the insult to the liver and greatly increased the risk of 
liver-related morbidity and mortality [238].
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Hamaguchi et  al. examined the relationship between the metabolic syndrome 
and NAFLD diagnosed by ultrasound in 4401 Japanese men and women drinking 
20 g or less of ethanol each day [239]. On ultrasound at the start, a fatty liver was 
identified in 18% with a 2.5-fold higher incidence in men than women. Patients with 
a fatty liver were more likely to be obese and to have the metabolic syndrome. 
Those who were free of NAFLD diagnosis at the start developed NAFLD in the 
1-year interval period in 14% of males and 5% of women; they gained only little 
body weight, 1.7 and 1.3 kg, respectively. The most important finding was that the 
presence of the metabolic syndrome carried a 4–11 times higher risk for future 
NAFLD. Fourteen percent of males and 25% of females showed regression to nor-
mal of their initially fatty livers; they lost 2.5 kg and 2.3 kg, respectively, and had 
less components of the metabolic syndrome. Hamaguchi et al. thus provided strong 
support for the central role of insulin resistance in the pathophysiology of NAFLD 
and also showed that weight gain and metabolic syndrome are risk factors for 
NAFLD. More importantly, NAFLD may be reversible if obesity and certain aspects 
of the metabolic syndrome are managed effectively, even without normalisation of 
body weight. In a study from Italy with 304 patients by Marchesini et al., the pres-
ence of the metabolic syndrome conferred a higher risk of NASH (OR 3.2 (1.2/8.9)) 
and a higher risk for advanced fibrosis (OR 3.5 (1.1/11.2)) [240].

1.8.4.2	 �Hepatocellular Carcinoma
Patients with NASH are also at risk for the development of hepatocellular carci-
noma (HCC) and the increased risk for HCC is likely to be limited to those with 
advanced fibrosis and cirrhosis. Advanced fibrosis remains a strong risk factor for 
HCC with cumulative incidence rates reported between 2.4 and 12.8% [222]. The 
recent Surveillance Epidemiology and End Results (SEER) study compared a total 
of 4929 HCC cases and 14,937 controls without HCC over the years 2004–2009 
[241]. Of the HCC cases, 54.9% were related to hepatitis C, 16.4% to alcoholic liver 
disease, 14.1% to NAFLD and 9.5% to hepatitis B. Across the 6-year period the 
number of NAFLD-HCC showed a 9% annual increase. NAFLD-HCC patients 
were older, had shorter survival time, more heart disease and were more likely to die 
from their primary liver cancer. In multivariate analysis, NAFLD increased the risk 
of HCC by a factor of 2.6 (OR 2.62 (2.28/3.00)) and increased the 1-year mortality 
by 21% (OR 1.21 (1.01/1.45)).

Hassan et al. from the MD Anderson Cancer Centre performed a case-control 
study to evaluate the association between obesity and HCC and they tried to correct 
for confounding factors such as hepatitis B and C, diabetes, a family history of can-
cer, smoking and alcohol consumption [242]. Obesity, but not overweight, in early 
adulthood (in the mid-20–mid-40 years of age) was a significant risk factor for HCC 
in the total population (OR 2.6 (1.4/4.4)), both in men (OR 2.3 (1.2/4.4)) and in 
women (OR 3.6 (1.5/8.9)). For each 1 kg/m2 increase in BMI in early adulthood, 
hepatocellular carcinoma occurred 3.9 months earlier in life. Obesity had no influ-
ence on HCC outcome. Obesity and virus infections had a synergistic interaction, 
suggesting that obesity, in addition to its own direct effects, may exacerbate the 
effect of chronic hepatitis. For example, the population attributable risk percentages 
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were 21% for diabetes, 10% for early adulthood obesity and 11% for the combina-
tion. So, 42% of cases of hepatocellular cancer could be explained by obesity and 
diabetes.

In 2010 the American Diabetes Association and the American Cancer Society 
concluded that T2DM was convincingly associated with increased risk of cancers 
such as colorectal, pancreas, liver, breast, endometrial and bladder cancer [243]. 
Tsilidis et al. in their umbrella review confirmed the robust associations for some of 
these cancers but not for others [244].

The incidence of HCC has tripled in the USA in the last decades. Due to the fall-
ing incidence because of prevention and adequate treatment of viral hepatitis, the 
increase is consequent to the rising prevalence of obesity and T2DM, the two major 
risk factors for NAFLD.

Sex and ethnic-specific studies suggested that not adiposity in general but spe-
cific fat depots in viscera and liver might be more relevant. In the Multiethnic Cohort 
Study, overweight was associated with a 50% increased risk (HR 1.50 (1.16/1.95)) 
and obesity with a 82% increased risk (HR 1.82 (1.31/2.52)) of HCC with an 
increased risk per 5 kg/m2 increase in BMI of 1.26 (1.26 (1.12/1.42)) in males and 
no increased risks in women [245]. There were also ethnic differences with BMI 
≥30 kg/m2 and the increased risk per 5 kg/m2 increase in BMI being strongly associ-
ated with HCC with the greatest risk in Japanese, followed by Latinos, whites and 
native Hawaiians but not in black men. Detailed adiposity measurements showed 
that Asians and Latinos were likely to accumulate more and blacks less fat in the 
abdominal visceral compartment, suggesting that studying the association between 
obesity and HCC should move beyond BMI and should use a measure for fat-
specific depots. Similarly, the European Prospective Investigation into Cancer and 
Nutrition (EPIC) study showed that WHR had the strongest association with HCC 
and also that in multivariate analysis the association of BMI with HCC disappeared 
whereas that of WHR remained [246]. A Japanese study determined the visceral fat 
mass quantitatively by CT and found that visceral fat was an independent risk factor 
for (recurrent) HCC in patients with suspected NASH [247].

Pathophysiology of Obesity in Relation to NAFLD
The pathophysiology of non-alcoholic fatty liver disease has been discussed in a 
number of recent review articles and is summarised below [228, 248–251].

The fundamental derangement in NAFLD is insulin resistance. Insulin resistance 
is also the pathogenic denominator of the metabolic syndrome which includes type 
2 diabetes mellitus, essential hypertension, hypertriglyceridaemia, low circulating 
levels of HDL cholesterol and (visceral) obesity (Table 1.1). Steatosis of the liver 
may therefore be considered the hepatic manifestation of the metabolic syndrome 
and is closely associated with diabetes, obesity and hyperlipidaemia. In healthy 
subjects insulin, secreted by the pancreas and entering the portal circulation, stimu-
lates glycogen synthesis, lipogenesis and lipoprotein synthesis and suppresses glu-
coneogenesis and glycogenolysis. Insulin resistance may present as whole-body 
insulin resistance as shown by a 50% reduction in glucose disposal, but also at the 
tissue level of the hepatocyte, adipocyte and skeletal muscle. Hepatic insulin 
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resistance is characterised by a reduced suppression of endogenous glucose produc-
tion via gluconeogenesis and reduced VLDL secretion because of an altered apoli-
poprotein B synthesis, which normally exports lipids from the liver in a complex of 
apolipoprotein B, lipids and phospholipids. Insulin resistance in the adipocyte pro-
motes lipolysis and increased free fatty acid flux to the liver, and in skeletal muscle 
it impairs glucose uptake and disposal. Hyperinsulinaemia is a consequence of tar-
get cells, such as liver, adipose tissue and skeletal muscle being resistant to normal 
concentrations of insulin. As insulin stimulates lipogenic enzymes and portal insu-
lin levels are high, the de novo lipogenesis in the liver is increased, contributing to 
hepatic fat accumulation. Apart from the increased fatty acid influx from adipocyte 
lipolysis, the increased de novo lipogenesis and the impaired fatty acid hepatic 
efflux due to reduced synthesis of apolipoprotein B or reduced secretion of VLDL, 
excess free fatty acids that can be stored in the liver as triglycerides may come from 
a reduced hepatic fatty acid oxidation as a result of hyperinsulinaemia and from 
excess dietary consumption of fat or carbohydrates in the condition of excess caloric 
intake.

A study by Donelli et al. has demonstrated that in obese NAFLD patients 59% of 
triglycerides arose from non-esterified fatty acids, 26% from de novo lipogenesis 
and 15% from the diet [252]. Nielsen et al. found that in lean individuals 5% of the 
portal vein free fatty acids originated from visceral fat in contrast to a 20% in obese 
patients [253]. Free fatty acids and their metabolites are highly toxic to the liver and 
in this way the storage of fatty acids in triglycerides as lipid droplets in the liver has 
a protective role. Simple steatosis patients with non-alcoholic fatty liver (NAFL) 
thus may be considered as good fat storers [228]. However, when excessive fatty 
acids cannot be converted into triglycerides and when excessive fatty acids overload 
the mitochondrial capacity for fatty acid oxidation, good fat storers may change into 
bad fat storers [228].

Progression of NAFLD to NASH is assumed to occur by two or multiple hits. 
Some, however, do not support the continuum of NAFLD → NASH→ advanced 
fibrosis → cirrhosis, but consider NAFL and NASH as discrete entities rather than 
two points on a spectrum, supported by the fact that progression from pure fatty 
liver to NASH is very rare [228]. The two-hit hypothesis in the progression of 
NAFLD put forward by Day and James in 1998 has been replaced by the multiple-
hit model [228]. The first hit consists of insulin resistance with a resultant hyperin-
sulinaemia causing an impaired inhibition of adipose tissue lipolysis, an increased 
efflux of free fatty acids from the adipose tissue to the liver and increased hepatic de 
novo lipogenesis resulting in a simple fatty liver. Due to the hepatic fat infiltration, 
the liver may become vulnerable to a series of hits. These hits consist of oxidative 
injury and stress from reactive oxygen species (ROS), leading to lipid peroxidation, 
impaired mitochondrial and peroxisome oxidation of fatty acids, endoplasmatic 
reticulum stress, dysregulated hepatic apoptosis and activation of profibrinogenic 
cytokines and of hepatic stellate cells, all together resulting in inflammation (steato-
hepatitis) and fibrosis. Also, the release of adipokines, cytokines and chemokines 
plays a role: adipokines such as leptin, adiponectin and resistin; acylation-
stimulating protein; TNF-α; and IL-6 are associated with insulin resistance and IL 
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1, TGF-β, VEGF, angiotensinogen and angiotensin II are inflammatory mediators 
(Figs. 1.3 and 1.4). Furthermore, low levels of adiponectin may predispose patients 
to the progressive form of NAFLD or NASH. Adiponectin is produced by omental 
fat and levels are low in diabetes and metabolic syndrome.

A high-calorie diet, excess (saturated) fats, refined carbohydrates, sugar-
sweetened beverages, a high fructose intake and a Western diet have all been associ-
ated with weight gain and obesity, and more recently with NAFLD [220, 221]. 
Apart from the role of the diet as a source of excess energy and excess fat, the role 
of carbohydrates and especially simple carbohydrates such as fructose, sucrose, glu-
cose and high-fructose corn syrup (HFCS) should be discussed. Carbohydrates can 
stimulate lipogenesis via carbohydrate response element-binding proteins, convert-
ing excess glucose to fatty acids. Fructose, present in HFCS, fruit juices and sucrose 
(glucose:fructose 1:1), has attracted much attention especially in the USA, where 
fat was substituted by carbohydrates during the low-fat lobby and sweetened soda 
contained fair amounts of HFCS. In the USA, HFCS is the most common consumed 
sugar.

Several properties make fructose a particularly lipogenic carbohydrate [254]. 
The liver is exposed to much higher fructose concentrations as compared to other 
tissues because fructose is absorbed from the intestine and delivered to the liver via 
the portal vein. In contrast, long-chain fatty acids are absorbed from the intestine as 
chylomicron particles and enter the systemic circulation via the lymphatic system 
and the thoracic duct and thus expose liver and peripheral tissue to a similar degree. 
Furthermore, fructose absorption and metabolism are insulin independent in con-
trast to glucose absorption. After absorption, carbohydrates are metabolised to ace-
tyl CoA and activate lipogenic transcriptional factors in the liver stimulating every 
step in the de-novo lipogenesis that converts acetyl CoA into triglycerides [254]. 
Fructose phosphorylation into fructose-1-phosphate requires ATP, thereby decreas-
ing ATP levels. Decreased ATP levels in the liver may also be the result of decreased 
mitochondrial ATP production because of the inhibition of β-oxidation by malonyl 
CoA. The depletion of ATP leads to uric acid production which may promote lipo-
genesis through the generation of mitochondrial oxidative stress. The suppression 
of mitochondrial lipid oxidation results in increased production of reactive oxygen 
species which augment steatosis through insulin-independent pathways [254]. 
Fructose increases protein levels of enzymes involved in de-novo lipogenesis during 
its conversion into triglycerides. Fructose promotes stress in the endoplasmatic 
reticulum resulting in upregulation of de-novo lipogenesis. So, in summary, fruc-
tose supports lipogenesis in the presence of insulin resistance and contributes fur-
ther to insulin resistance.

Fructose has also been implicated in the progression to fibrosis. The major risk 
factor for development of NAFLD is excess calorie intake mainly derived from 
high-fat foods and increased intake of sugar-sweetened beverages [220, 221]. 
Overconsumption of refined sugar is a risk factor for the development of obesity, 
diabetes and NAFLD and in countries with high intakes of HFCS diabetes is 20% 
higher compared to countries that do not use HFCS. Chung et al. performed a meta-
analysis of 21 intervention studies on the effects of sucrose, fructose, HFCS and 
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glucose on NAFLD [255]. They found a low level of evidence that a hypercaloric 
fructose diet (supplemented by pure fructose) increased liver fat and AST in healthy 
men when compared with the consumption of a weight-maintenance diet. In addi-
tion, hypercaloric fructose and glucose had similar effect on liver fat and liver 
enzymes in healthy adults. There was insufficient evidence to draw a conclusion on 
the effects of HFCS or sucrose on NAFLD.  The apparent association between 
indexes of liver health and fructose of sucrose intake appeared to be confounded by 
excessive energy intake and they concluded that the available evidence is not suffi-
ciently robust to draw conclusions regarding the effect of fructose, HFCS or sucrose 
consumption on NAFLD [221, 255].

The importance of the location of the ectopic fat, i.e. liver versus visceral fat, was 
demonstrated in a study that used sophisticated methods for total fat and visceral 
adipose tissue (VAT) measurements (by dual-energy X-ray absorptiometry (DEXA) 
and MRI), intrahepatic triglyceride content (IHTG by proton magnetic resonance 
spectroscopy) and kinetic studies (hyperinsulinaemic euglycaemic clamp and 
VLDL-triglyceride kinetic studies) [256]. Subjects matched for VAT were dissimi-
lar in IHTG, and subjects matched for IHTG differed in VAT. Subjects with higher 
IHTG content and matched on VAT had 41%, 13% and 36% lower insulin sensitiv-
ity in liver, adipose tissue and muscle, respectively, whereas VLDL-triglyceride 
secretion from mainly non-systemic fatty acids was almost double. Patients with 
high IHTG had twofold greater insulin and 50% lower adiponectin levels. No differ-
ences were found in insulin sensitivity and VLDL secretion when subjects with 
different VAT masses but matched for IHTG levels were examined. So, the relation-
ship between VAT and metabolic disease is because of the relationship between VAT 
and IHTG and therefore the level of intrahepatic triglycerides is a better marker of 
metabolic derangements than visceral adiposity.

Pathophysiology of Obesity in Relation to Hepatocellular Carcinoma
Many studies have supported a key role of obesity in the risk of hepatocellular car-
cinoma and accumulating evidence exists that type 2 diabetes mellitus (T2DM) 
predisposes to a number of cancers [243, 244]. As mentioned above, both obesity 
and diabetes may contribute to NAFLD and the contribution of NAFLD to the prev-
alence of HCC has been reported repeatedly. Moreover, inactivity and excess food 
intake link obesity and NAFLD.

There are both systemic and local factors that contribute to the HCC risk and that 
may explain the association of obesity, T2DM and metabolic syndrome with HCC 
and the predominant presence of HCC in males [251]. Systemic factors contributing 
to the HCC risk are hyperinsulinaemia, obesity-related hypoxia, systemic inflam-
mation, systemic effects of cytokines and adipokines, systemic immune dysregula-
tion and systemic effects of the microbiome. High levels of insulin promote cell 
survival and cell proliferation and the binding of insulin at the insulin receptor acti-
vates mitogenic and anti-apoptotic pathways intracellularly. Insulin also suppresses 
the production of insulin-like growth factor-1-binding proteins which cannot bind 
sufficiently IGF-1 and cannot inhibit its mitogenic, anti-apoptotic and proangio-
genic action [251].
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Hypoxia of adipose tissue contributes to insulin resistance and to elevated pro-
inflammatory adipokines and cytokines, increased levels of leptin involved in initia-
tion and progression of HCC, and decreased levels of adiponectin that delays 
hepatocarcinogenesis and antagonises the oncogenic effect of leptin. Also macro-
phages accumulating in adipose tissue secrete inflammatory cytokines such as TNF-
α, IL 6, IL-1β, nitric oxide, leukotrienes and chemokines that attract fibroblasts and 
other inflammatory cells. Persistent inflammation and persistent reactive oxygen 
species generation promote DNA damage and HCC [251].

Local factors in the liver contributing to the HCC risk are similar as described in 
adipose tissue and similar to the progression of NASH with liver cell damage, 
inflammatory infiltrates, pro-inflammatory signalling and insulin resistance, gener-
ation of reactive oxygen species that interfere with endoplasmatic reticulum and 
mitochondrial function, and release of TNF-α and IL-6, which promote prolifera-
tion and malignant progression [251].

1.8.4.3	 �Implications for Clinical Practice
In NAFLD/NASH, strategies should point to metabolic conditions such as obesity, 
diabetes and metabolic syndrome that favour progressive fibrosis. However, preven-
tion is the key and advices to change the food consumption and increase physical 
exercise should be given to all patients. Related to potential mechanisms of hepato-
toxicity are foods high in energy density with large portion sizes, high in fat and satu-
rated fat, high in refined carbohydrate, high-fructose corn syrup (HFCS) and caramel 
colouring (cola soft drinks rich in advanced glycation end products that can promote 
insulin resistance and inflammation), low in fibre, low in antioxidants, high in red 
meat, high in industrially produced trans fatty acids, and promoting free fatty acid 
overload in the liver and local inflammation [220, 221, 223, 249, 251, 257–259].

Advices derived from this knowledge are a reduced calorie diet, reduction in 
saturated fatty acids along with an increase in MUFA and ω-3 PUFA, consumption 
of low glycaemic index carbohydrates, a reduced consumption of simple sugars 
especially in sweetened beverages, a higher intake of fruit and vegetables and a 
higher intake of fibre. Also adherence to a Mediterranean diet may be useful but 
scientific evidence to recommend specific diets is currently lacking [251, 257, 258].

Regular exercise reduces the risk of T2DM, insulin resistance, hypertension, 
dyslipidaemia, impaired fasting glucose and metabolic syndrome, all of which are 
factors involved in the pathogenesis of NAFLD. Exercise also has immunostimula-
tory effects, reduces systemic inflammation and decreases the activity of the mTOR 
system, thereby reducing HCC risk. Physical activity should be at least 30 min of 
moderate-intensity physical activity on most, and preferably all days of the week, or 
vigorous-intensity physical activity ≥3 times a week for ≥20 min each time.

What is the evidence for these lifestyle interventions by diet and physical exer-
cise and how much weight should be lost? Promrat et al. randomised 21 patients 
with NASH to an intervention group which received a diet between 1000 and 
1500  kcal/day with 25% of total energy from fat and ten patients to the control 
group, which received basal nutrition education [260]. The goal was a 7–10% 
weight reduction and the primary endpoint was improvement in NAFLD activity 
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score (NAS) after 48 weeks. The intervention group lost 9.3% of total bodyweight 
versus 0.2% in the control arm with a significantly higher proportion of histological 
improvement in 72% versus 30%, respectively. Those with ≥7% weight loss showed 
improvements in steatosis, lobular inflammation and NAFLD activity score, but a 
weight loss of at least 10% was required to improve fibrosis and portal hyperten-
sion. Evidence for the substantial effects of moderate weight losses followed in 
larger studies. Villar-Gomez et al. evaluated 293 patients with biopsy-proven NASH 
after 52 weeks of lifestyle intervention consisting of a low-fat calorie-reduced diet 
(750 kcal less per day) and walking 200 min/week [261]. Paired biopsies were pres-
ent in 261 patients. Among the entire cohort a weight loss was obtained of 4.6 kg, 
NASH resolution occurred in 25%, NAS reduction in 47% and fibrosis regression in 
19%. The degree of weight loss was independently associated with improvements 
in all NASH-related histology features. Those who obtained a weight loss ≥5% 
(30% of subjects) had NASH resolution in 58%, a 2-point reduction in NAS score 
in 82%. Of those who achieved a ≥10% weight reduction (11% of subjects), 90% 
experienced a resolution of NASH and 100% a reduction in NASH and 45% a 
regression of fibrosis. Harrison et  al. had similar findings: a ≥5% weight loss 
resulted in a significant improvement of insulin sensitivity and steatosis and those 
with a ≥9% weight loss improved in steatosis, inflammation and hepatocyte bal-
looning and NAS [262].

So all studies agreed that a minimum of 9–10% weight loss is needed to achieve 
NASH improvement and fibrosis regression.

Keating et al. reviewed 16 studies on exercise in a meta-analysis [263]. There 
was a significant pooled effect size for the comparison between exercise therapy and 
controls, even in the absence of significant weight loss. A recent systematic review 
of 23 studies on lifestyle interventions showed that diet or physical activity consis-
tently reduced liver fat and improved glucose control and insulin sensitivity [264].

Important in this context is the rate of weight loss. Weight loss should be moder-
ate and gradual (<1.6 kg/week) as a rapid reduction in body weight may decrease 
hepatic fat content but can induce hepatic inflammation and exacerbate NASH and 
thus worsening of liver disease. Ketosis may be deleterious for patients with 
NAFLD. Data on the upper limit of weight loss came from a study by Andersen 
et al. who provided a 400 kcal formula diet to 41 morbidly obese subjects [265]. 
They showed improvement of steatosis and improvement in liver biochemistry but 
24% developed slight portal inflammation and portal fibrosis but none of the patients 
who lost less than 1.6 kg/week developed fibrosis.

Another important point for clinical practice is the recognition that all compo-
nents of the metabolic syndrome correlate with liver fat content, independently of 
BMI. So, the presence of the metabolic syndrome in any given patient should lead 
to an evaluation of the risk of NAFLD, and vice versa the presence of NAFLD 
should lead to an assessment of all components of the metabolic syndrome [220]. 
Patients with steatosis or steatosis with non-specific inflammation are on the one 
end of the spectrum and are not candidates for pharmacological treatment that spe-
cifically targets the liver condition [230]. On the other end are patients with the 
progressive form of NAFLD (i.e. NASH), particularly when associated with 
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advanced fibrosis. At-risk patients (age > 50 years, type 2 diabetes mellitus or meta-
bolic syndrome) should be identified because of its prognostic implications. 
Treatment for the prevention of liver-related comorbidities should be focused on 
patients with NASH and particularly those with a fibrosis stage ≥2 [220]. For the 
many therapeutic options and the many medications in phase II and III studies the 
reader is referred to superb and very recent overviews and meta-analysis [223, 230, 
249, 259, 266, 267] and the two recent guidelines from the USA in 2012 [220] and 
from Europe in 2016 [221].

1.8.5	 �Gastrointestinal Cancers

Mechanisms explaining the association between obesity and gastrointestinal can-
cers include hormonal effects of adipose tissue, insulin resistance, inflammation, 
effects on predisposing conditions such as GORD, Barrett’s oesophagus, gallblad-
der disease, colorectal adenomas and effects through the immune system [48]. In 
obesity, endogenous hormones such as sex steroids, insulin and IGF-1 are increased 
and are important in the control of growth, differentiation and metabolism of cells 
[268]. Patients with diabetes type 2, which often accompanies overweight and obe-
sity, have increased rates of cancer [243, 244]. Obesity is a state of low-grade 
chronic systemic inflammation characterised by pro-inflammatory cytokines pro-
duced by adipocytes and chronic inflammation is an important factor in the initia-
tion and promotion of cancer cells. Obesity is also associated with enhanced 
oxidative stress by local ischaemia and through the inflammatory process. The 
World Cancer Research Fund and the American Institute for Cancer Research esti-
mated in 2007 that a large percentage of cancers are attributable to obesity: 28% of 
gallbladder cancers, 35% of pancreatic, 16% of colorectal, 17% of breast and 49% 
of endometrial cancers, and 28% of kidney and 35% of oesophageal cancers [269]. 
Calle et al. estimated that in the USA obesity is responsible for up to 14% and 20% 
of all cancer deaths in males and females, respectively, signifying that 90,000 annual 
deaths are avoidable if BMI was kept below 25 [8]. In Europe, it is estimated that 
36,000 cancer cases could be avoided by halving the prevalence of overweight and 
obesity [270].

Several large cohort studies and meta-analyses have examined cancer incidence 
and cancer mortality for all obesity-related cancers.

1.8.5.1	 �Cohort Studies
A large cohort study by Calle et al. followed more than 900,000 US adults free of 
cancer at enrolment in 1982 in the Cancer Prevention Study II, with an average age 
at that time of 57 years, over 16 years [8]. Death due to cancer was related to the 
BMI measured between 1982 and 1988. Of the 900,053 included persons 57,145 
died (6.3%) of whom 16,962 (30%, one-third) being non-smokers. A BMI above the 
reference BMI (18.5–24.9 kg/m2) was associated with cancer of the oesophagus, 
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colon and rectum, liver, gallbladder, pancreas and kidney; the same was true for 
death due to non-Hodgkin’s lymphoma and multiple myeloma. Significant trends 
for an association with higher BMI were present for gastric and prostate cancer in 
men and breast, uterus, cervix and ovary cancer in women. An inverse association 
was observed between BMI and lung cancer in male and females.

The highest relative death rate was for uterine cancer in females with a BMI 
≥40 kg/m2 with a RR 6.25; in males the highest relative death rate was for liver 
cancer (RR 4.52). There was, however, no clear documentation of presence or 
absence of liver disease in affected individuals. Also, no information about impaired 
glucose tolerance or NAFLD was present. At a BMI ≥40 kg/m2 the cancer death 
rates were 52% higher in men and 62% higher in women when compared with 
normal-weight subjects and went even up to 88% in non-smoking women with a 
BMI ≥40 kg/m2. The risks according to the BMI classes for gastrointestinal cancer 
are visible in Table 1.7 and in Fig. 1.6 for males and Fig. 1.7 for females. The popu-
lation attributable fraction of death of all cancers varied between 4.2% in the popu-
lation of men and 14.2% among male non-smokers and in women between 14.3% 
and 19.8%. So the avoidable proportion of cancers was as high as 14% for males 
and 20% for females, signifying that 90,000 cancer deaths could have been avoided 
when BMI had remained 25.0 throughout life [8].

The critics concerning this landmark study touched upon the fact that compari-
son was made with weight 16 years ago and the people could have gained 1–2 units 
BMI over the 16-year period of the study and 10% of people have an increased BMI 
by 5  units over less than 10  years. This was addressed in the Northern Sweden 
Health and Disease Cohort (1985–2003) which consisted of 35,362 women and 
33,424 men with weights and heights measured and repeated at 10-year intervals 
[271]. After 10 years of follow-up >70% preserved their initial BMI classification in 
the quartiles; on average women gained about 1.8 BMI units and men about 1.4 
BMI units and the annual increase in BMI was 0.1 BMI units among men and 0.06 
BMI units among women. Obese women had a 36% higher cancer incidence than 
normal-weight women while overweight women had a risk largely similar to that of 
normal-weight women [271]. Obese women had a 2.0 times higher risk of colorec-
tal cancer and 2.25 times higher risk of colon cancer. In men there was no associa-
tion of BMI with total cancer risk. Obese men were 1.77 times at risk of developing 
colon cancer. In women up to 7% of cancer were attributable to overweight and 
obesity, with a larger attribution on endometrium (30%), ovarian (22%), colon 
(20%) and colorectal (16%) which could have been avoided by keeping BMI in the 
normal range [271].

A cohort study by Reeves et al. and a meta-analysis by Reneman et al. investi-
gated the effect of an increase in BMI by 5 or 10 BMI units [102, 272]. Reeves et al. 
investigated 1.2 million women in the Million Women breast cancer screening 
study, with an age of 55.9 years at recruitment and recruited over the years 1996–
2001 [102]. The reference BMI group had a BMI 22.5–24.9 kg/m2 and the trend in 
risk per 10 units BMI was taken as this was equivalent to the difference in median 
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BMI among obese women and the reference category. They found that an increased 
BMI was associated with increased risk of cancer for 10 of the 17 examined cancer 
types. More specifically, the risk of adenocarcinoma of the oesophagus was 2.38 
times higher per 10 kg/m2 increase in BMI, followed by CRC in premenopausal 
women (1.61 (1.05/2.48)) and pancreatic cancer (1.24 (1.03/1.48)) (Table  1.8). 
Postmenopausal women were not at increased risk (0.99 (0.88/1.12)), a finding 
strengthened by findings by Terry et al. who also showed different risks in premeno-
pausal obese (RR 1.88 (1.24/2.86)) and postmenopausal obese (0.73 (0.48/1.10)) 
women [194, 197].

Table 1.7  Relative risks (with 95% confidence intervals in brackets) for cancer death according 
to BMI classes of overweight (BMI 25–29.9), class I (BMI 30–34.9), class II (BMI 35–39.9) and 
class III of obesity (BMI ≥40 kg/m2) [8]

BMI 25–29.9 BMI 30–34.9 BMI 35–39.9 BMI ≥40
p for 
trend

Males 
N = 404,576
All cancers 0.97 (0.94/0.99) 1.09 (1.05/1.14) 1.23 (1.11/1.34) 1.52 

(1.13/2.05)
0.001

Oesophagus 1.15 (0.99/1.32) 1.28 (1.00/1.63) 1.63 (0.95/2.80) 0.008
Stomach 1.01 (0.88/1.16) 1.20 (0.94/1.52) 1.94 (1.21/3.13) 0.03
Colorectal 1.20 (1.12/1.30) 1.47 (1.30/1.66) 1.84 (1.39/2.41) <0.001
Liver 1.13 (0.94/1.34) 1.90 (1.46/2.47) 4.52 (2.94/6.54) <0.001
Gallbladder 1.34 (0.97/1.84) 1.76 (1.06/2.94) 0.02
Pancreas 1.13 (1.03/1.25) 1.41 (1.19/1.66) 1.49 (0.99/2.22) <0.001
Non-smoking 
males
N = 107,030
All cancers 1.11 (1.05/1.18) 1.38 (1.24/1.52) 1.31 (1.01/1.70) <0.001
Oesophagus 1.76 (1.08/2.86) 1.91 (0.92/3.96) 0.04
Pancreas 1.24 (1.01/1.54) 1.34 (0.92/1.95) 2.61 (1.27/5.35) 0.005
Females
N = 495,477
All cancers 1.08 (1.05/1.11) 1.23 (1.18/1.29) 1.32 (1.20/1.44) 1.62 

(1.40/1.87)
<0.001

Oesophagus 1.20 (0.86/1.66) 1.39 (0.86/2.25) NS
Stomach 0.89 (0.72/1.09) 1.30 (0.97/1.74) 1.08 (0.61/1.89) NS
Colorectal 1.10 (1.01/1.19) 1.33 (1.17/1.51) 1.36 (1.06/1.74) 1.46 

(0.94/2.24)
<0.001

Liver 1.02 (0.80/1.31) 1.40 (0.97/2.00) 1.68 (0.93/3.05) 0.04
Gallbladder 1.12 (0.86/1.47) 2.13 (1.56/2.90) <0.001
Pancreas 1.11 (1.00/1.24) 1.28 (1.07/1.52) 1.41 (1.01/1.99) 2.76 

(1.74/4.36)
<0.001

Non-smoking 
females 
N = 276,564
All cancers 1.14 (1.09/1.18) 1.33 (1.25/1.41) 1.40 (1.25/1.58) 1.88 

(1.56/2.27)
<0.001

Oesophagus 1.49 (0.85/2.59) 2.64 (1.36/5.12) 0.004
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1.8.5.2	 �Meta-Analyses
Bergstrom et al. examined the prevalence of six cancer sites (colon, endometrium, 
prostate, kidney, gallbladder and postmenopausal breast cancer) and the proportion 
of these six cancers attributable to overweight (BMI 25–29.9 kg/m2) and obesity 
(BMI ≥30 kg/m2) in the European union [270]. Overweight (BMI >25 kg/m2) was 
slightly more prevalent in southern countries (61% for men and 52% for women) 
compared with the northern countries (59% for men and 47% for women). Obesity 
was more prevalent in women and overweight more in men. Excess body weight 
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accounted for 5% of all cancers in Europe, 3% for men and 6% for women, corre-
sponding to 27,000 cases in males and 45,000 cases in females. So, more than 
70,000 of the 3.5 million new cases of cancer each year in the European union are 
attributable to overweight (34,800 cases) and to obesity (37,000). This is likely to be 
an underestimation as only six cancers, for which there is existing evidence to sug-
gest a link between obesity and cancer, were examined in Bergstrom’s study. The 
attributable proportion varied by gender and country: for males the attributable pro-
portion varied between 2.1% for Greece and 4.9% for Germany, and for women 
between 3.9% for Denmark and 8.8% for Spain.

Of the 19 studies related to colon cancer six were used in the meta-analysis. 
Per unit increase in BMI the risk increased by 3% (RR 1.03 (1.02/1.04)). 
Overweight attributed to a 15% increase and obesity to a 33% increase in risk. The 
average proportion attributable to excess body weight was 11% with a number of 
11,000 new cases per year. For gallbladder cancer, six epidemiological studies 
were found with conflicting data. Only two studies could be used and assessed a 
risk of 1.06 (1.00/1.12)) per unit BMI increase. Overweight attributed to a 34% 
and obesity to a 78% increase in risk. Twenty-four percent of gallbladder cancers 
could be attributed to excess body weight amounting to 6000 new cases/year. The 
highest attributable proportions were found for endometrium (39%), kidney (25% 
in both sexes) and gallbladder (25% in men and 24% in women). More important 
is the absolute number of cases and then the highest attributable number of cases 
were attributable to colon cancer (21,500 annual cases) followed by endometrium 
(14,000 cases) and breast (12,800). In Europe, an estimated 36,000 cases could 
have been avoided by halving the prevalence of overweight and obesity.

In a meta-analysis of 221 data sets by Reneman et al., the incidence of 20 
most common cancers were studied per 5 unit increase in BMI, corresponding 
to a 15 kg weight gain in males and 13 kg in females with an average BMI at 
baseline of 23 kg/m2 [272] (Table 1.8). In men, a 5-point increase in BMI was 

Table 1.8  Relative risk (with 95% confidence interval) associated with a 5 kg/m2 increase in BMI 
or a 10 kg/m2 increase in BMI in the Million Women Cohort Study [102, 272]

Cancer type
RR per 5 kg/m2 
males p-Value

RR per 5 kg/m2 
females p-Value

RR per 10 kg/
m2 females

Oesophagus 
adenocarcinoma

1.52 (1.33/1.74) <0.001 1.51 (1.31/1.74) <0.001 2.38 (1.59/3.56)

Colon cancer 1.24 (1.20/1.28) <0.001 1.09 (1.05/1.13) <0.001 1.00 (0.92/1.08)
Liver cancer 1.24 (0.95/1.62) NS 1.07 (0.55/2.08) NS
Rectum cancer 1.09 (1.06/1.12) <0.001 1.02 (1.00/1.05) NS 1.00 (0.92/1.08)
Gallbladder 
cancer

1.09 (0.99/1.21) NS 1.59 (1.02/2.47) 0.04

Pancreas cancer 1.07 (0.93/1.23) NS 1.12 (1.02/1.22) 0.01 1.24 (1.03/1.48)
Stomach cancer 0.97 (0.88/1.06) NS 1.04 (0.90/1.20)) NS 0.90 (0.72/1.13)
Oesophagus 
squamous cell 
cancer

0.71 (0.60/0.85) <0.001 0.57 (0.47/0.69) <0.001 0.26 (0.18/0.38)

All cancers 1.12 (1.09/1.14)
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strongly associated with an increased risk of oesophageal adenocarcinoma and 
colon cancer, and in women with gallbladder and oesophageal adenocarcinoma. 
Weaker positive associations (RR < 1.20) were discovered between increased 
BMI and rectal cancer in men and pancreas and colon cancer in women. The 
associations for colon cancer were stronger in men than in women. The associa-
tions did not differ in studies from Europe, North America and Australia and the 
Asia Pacific group.

Guh et al. considered overweight and obesity not only as defined by BMI criteria, 
but also as defined by waist circumference in their meta-analysis [37]. As can be 
seen in Table 1.2, relative risks in men were higher for colorectal cancer and gall-
bladder cancer when overweight waist and obese waist were compared by their 
respective BMIs. For women this was not the case as far as colorectal cancer was 
concerned.

1.8.5.3	 �Implications for Clinical Practice
It is evident that keeping the body weight at a level below BMI 25 kg/m2 can reduce 
substantially the burden of cancer and also that weight stability, even when it is in 
the overweight range, is preferable over weight gain. An at least 50% greater risk 
was only observed in people with a BMI ≥35 kg/m2. In males with a BMI 30–34.9 kg/
m2 the RR for cancer death was greater than 50% in liver, gallbladder and non-
Hodgkin’s lymphoma; in women this was true for cancer of the gallbladder, breast, 
uterus and kidneys. Evidence for a reduction in cancer risk by attempts of weight 
loss by lifestyle measures is lacking. The only available evidence in a prospective, 
controlled trial comes from the Swedish Obesity Subjects (SOS) study [273]. The 
SOS study involved 2010 obese subjects who underwent gastric bypass in 13%, 
gastric banding in 19% and vertical banded gastroplasty in 68%. They were com-
pared with 2037 contemporaneously matched obese controls who received usual 
care. Over 10 years there was a significantly different mean weight reduction of 
19.9 kg in the bariatric group versus a weight gain of 1.3 kg in controls. The risk of 
incident cancers was reduced by 33% in the whole group (HR 0.67 (0.53/0.85)) but 
there was clearly a gender-treatment interaction: in women the incidence was sig-
nificantly lower (HR 0.58 (0.44/0.77)) but there was no effect of surgery in men. 
With respect to the above-mentioned attributable fractions by overweight and obe-
sity and the impressive reduction when excess weight was halved or wiped out, the 
adage remains: prevention is the key!
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