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Abstract
In recent decades there has been a dramatic rise in the 
incidence of esophageal adenocarcinoma (EAC) in the 
developed world. Over approximately the same period 
there has also been an increase in the prevalence of 
obesity. Obesity, especially visceral obesity, is an im-
portant independent risk factor for the development of 
gastro-esophageal reflux disease, Barrett’s esophagus 
and EAC. Although the simplest explanation is that 
this mediated by the mechanical effects of abdominal 
obesity promoting gastro-esophageal reflux, the epide-
miological data suggest that the EAC-promoting effects 
are independent of reflux. Several, not mutually ex-
clusive, mechanisms have been implicated, which may 
have different effects at various points along the reflux-
Barrett’s-cancer pathway. These mechanisms include a 
reduction in the prevalence of Helicobacter pylori  infec-
tion enhancing gastric acidity and possibly appetite by 

increasing gastric ghrelin secretion, induction of both 
low-grade systemic inflammation by factors secreted 
by adipose tissue and the metabolic syndrome with 
insulin-resistance. Obesity is associated with enhanced 
secretion of leptin and decreased secretion of adipo-
nectin from adipose tissue and both increased leptin 
and decreased adiponectin have been shown to be inde-
pendent risk factors for progression to EAC. Leptin and 
adiponectin have a set of mutually antagonistic actions 
on Barrett’s cells which appear to influence the progres-
sion of malignant behaviour. At present no drugs are 
of proven benefit to prevent obesity associated EAC. 
Roux-en-Y reconstruction is the preferred bariatric 
surgical option for weight loss in patients with reflux. 
Statins and aspirin may have chemopreventative effects 
and are indicated for their circulatory benefits.
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Core tip: Excess adipose tissue, particularly visceral 
obesity, is an important risk factor for esophageal ad-
enocarcinoma (EAC). The mechanisms involve both 
the promotion of gastro-esophageal reflux and reflux-
independent mechanisms. Abnormal secretion of the 
adipokines leptin and adiponectin from adipose tissue 
in obesity may promote the development of EAC. In-
creased leptin levels are an independent risk factor for 
EAC and leptin enhances proliferation and invasion and 
inhibits apoptosis in Barrett’s cell lines. Relative adipo-
nectin deficiency is an independent risk factor for EAC 
and adiponectin blocks the cancer promoting effects of 
leptin in experimental models. Obesity may influence 
EAC development via  adipokine secretion.
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INTRODUCTION
Esophageal adenocarcinoma is a health problem of  in-
creasing global health significance. The overall prognosis 
of  esophageal adenocarcinoma (EAC), the most preva-
lent form of  esophageal cancer in the developed world, 
is dismal, with a 5-year survival of  15%-20% at best[1]. At 
the same time the incidence of  this cancer has increased 
dramatically, by approximately 600% in the last 30 years, 
leading some commentators to call this an epidemic[2]. A 
detailed understanding of  the pathogenic mechanisms 
leading to this malignancy is required to enable the devel-
opment of  strategies for both prevention and treatment. 
Over a similar period the prevalence of  obesity has in-
creased in the developed world and this increase in obesi-
ty has been linked with increased risks of  several cancers, 
including oesophageal adenocarcinoma (OAC)[3,4]. Over 
the last 30 years rates of  obesity have been increasing 
steadily, most obviously in the United States and Western 
Europe[5] but also in lower and middle income coun-
tries[6]. Estimates from The World Health Organisation 
suggest that 12% of  the world’s population aged over 20 
years old is now obese which equates to approximately 
500 million adults. It is estimated that 10% of  men and 
14% of  women are obese by standard criteria. This has 
doubled from the 1980s[6]. 

Well-designed epidemiological investigations have 
been instrumental in detecting and defining the associa-
tion between obesity and EAC. Relevant features of  the 
association have been explored in detail to determine 
features of  causality and to help clarify the potential im-
plicated mechanisms through which obesity may act. This 
review summarises relevant recent observational data on 
the association between measures of  obesity and risk of  
EAC, gastro-esophageal reflux and Barrett’s esophagus; 
and experimental data of  plausible mechanisms contrib-
uting to carcinogenesis and explores where and how in-
terventions may reduce the burden of  this disease.

CLINICAL MEASURES OF 
ADIPOSITY AND METHODOLOGICAL 
CONSIDERATIONS IN RELEVANT 
OBSERVATIONAL RESEARCH
The World Health Organization definition for over-
weight and obesity is abnormal or excessive fat accu-
mulation that may impair health. Adiposity has been 
quantified in observational research relevant to this topic 
using a number of  measures including anthropometric 
measurements and imaging. Overall adiposity is com-
monly measured using body mass index (BMI) [weight 
(kg) per height squared (m2)], and central adiposity 

(synonymous to visceral and abdominal adiposity) is 
measured using waist-to-hip ratio (WTHR), waist cir-
cumference and anterior-posterior abdominal diameter 
(cm); and imaging such as visceral adipose tissue area (m2) 
(VATA) or volume (m3) as determined by computerised 
tomography or magnetic resonance imaging. While BMI 
is a simple measure of  overall adiposity that is practical 
for large epidemiological studies, it is crude and does 
not necessarily reflect the varying proportions of  fat and 
lean (non-fat) mass or body fat distribution. Measures 
of  central obesity have been demonstrated to vary sub-
stantially within a narrow range of  BMI, whilst central 
obesity itself  is a combination of  subcutaneous obesity 
around the abdomen and mesenteric adipose tissue. 
Furthermore, as body composition changes with age, 
and height decreases, for example through kyphosis and 
loss of  vertebral height, BMI may be overestimated in 
older participants[7]. Imaging modalities used to quantify 
fat distribution, can precisely estimate the size of  body 
fat compartments. However, they are less suitable for 
large scale prospective studies: they are often performed 
at diagnosis rather than for preceding time points and 
could therefore underestimate associations depending 
on weight loss associated with the diagnosis; and their 
use requires convenience sampling for controls (e.g., pa-
tients undergoing investigation for other reasons), and 
therefore may be less representative of  the population 
under study. These are important considerations when 
appraising the evidence on the risk of  reflux, Barrett’s 
esophagus and EAC with adiposity.

OBESITY AND RISK OF ESOPHAGEAL 
ADENOCARCINOMA
The association between measures of  obesity and risk 
of  OAC has been extensively examined in epidemio-
logical investigations. The most striking evidence for a 
potential causal association between adiposity and risk 
of  this cancer is the wealth of  consistent data to suggest 
the association is among the strongest than for any other 
malignancy with evidence of  a biological gradient[4]. A 
systematic review of  prospective studies from Europe, 
Australia and the Asia-Pacific region, that measured BMI 
at baseline and followed participants until the develop-
ment of  incident cancer (hence supporting a temporal 
relationship), included 1315 male cases of  OAC and 735 
female cases, demonstrated the magnitude of  the associa-
tion in men was stronger than for any other malignancy, 
from 16 sites; and in women was only second to endo-
metrial from 19 sites. The strength of  the associations 
(per increase in BMI by 5 kg/m2) was almost the same 
in both genders (RR = 1.52, 95%CI: 1.33-1.74 for men; 
RR = 1.51, 95%CI: 1.31-1.74 for women) with minimal 
heterogeneity. This implies the association between BMI 
and risk of  EAC is consistent between well-designed pro-
spective studies, further supporting the causality, and that 
sex-specific differences in the incidence of  EAC are likely 
unrelated to adiposity as measured by BMI. Interestingly, 
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for squamous cell carcinoma, the most common histo-
logical type of  esophageal cancer worldwide, in both men 
and women, risk was significantly reduced with increased 
BMI, more strongly than for any of  the included malig-
nancies[4]. A recent meta-analysis of  five observational 
studies, including four prospective studies[8-11] and one 
case-control study[12], reported a significant association 
between abdominal obesity (as a composite measure of  
VATA, WHR, AC and abdominal diameter) and risk of  
EAC (adjusted OR = 2.51; 95%CI: 1.56-4.04)[13]. Indeed, 
the effect of  abdominal obesity, as measured by WHR 
or AD, on risk of  OAC has been reported to be inde-
pendent of  BMI[8,10]. This implies a role of  abdominal 
obesity in the pathogenesis EAC over and above general 
obesity. Furthermore, the association between general or 
central adiposity and risk of  EAC has been demonstrated 
to persist despite inclusion of  plausible confounders in 
multivariable analyses, including: symptomatic reflux, 
physical activity, smoking, and intakes of  total energy, red 
meat, fruit and vegetables[10]. 

Although the available cohort studies have not clearly 
shown that visceral adiposity is associated with an in-
creased risk of  invasive neoplasia in patients with Barrett’
s esophagus, two recent studies have suggested that in-
creased visceral fat tissue[14] or total abdominal obesity[15] 
are associated with the progression to high-grade dyspla-
sia. Equally a recent meta-analysis including measures of  
central adiposity at least 5 years before the diagnosis of  
EAC showed a significant increased risk of  cancer with 
central obesity[13]. Given our understanding of  the biol-
ogy of  Barrett’s esophagus, these data do suggest that 
central obesity promotes cancers in patients with Barrett’s 
esophagus.

OBESITY AND RISK OF GASTRO-
ESOPHAGEAL REFLUX
A commonly proposed mechanical explanation for the 
associations between obesity and EAC is through the fol-
lowing sequence: increased abdominal adiposity leading 
to increased intra-abdominal pressure, then consequent 
reflux predisposing to Barrett’s esophagus and then 
EAC[16]. While either abdominal or central adiposity has 
been associated with each of  these “steps”[7,17-19] it has 
not been possible so far to empirically demonstrate this 
whole sequence to be causal[17]. Measures of  central obe-
sity appear strongly associated with symptomatic reflux, 
independent of  BMI, in a dose-dependent manner[20]. 
However, in patients with reflux, for each kg/m2 increase 
in BMI, while both intra-gastric pressure and gastro-
esophageal pressure gradient (GEPG) rise[18]; increments 
in GEPG are not associated with acid exposure as deter-
mined by 24-h pH monitoring. Therefore, obesity does 
not appear to promote reflux through a purely mechani-
cal means, which suggests alternative obesity-induced 
mechanisms of  esophageal dysfunction are operating. 
While increased reflux could feasibly contribute to the 
increased risk of  EAC observed in obese persons, other 

mechanisms are likely at play as obesity is strongly as-
sociated with risk of  EAC, independent of  symptomatic 
reflux. A recent well-conceived Swedish population-based 
case-control study, which included 189 incident cases of  
EAC and 816 population-based controls, demonstrated 
the effect sizes for overweight BMI categories (> 25 kg/
m2) verses underweight BMI category (< 25 kg/m2) on 
risk of  EAC were not significantly different in adjusted or 
unadjusted models for severity, frequency or duration of  
reflux[21]. This study demonstrated significant synergy be-
tween BMI and reflux, most strikingly for frequency (for 
more than 3 times per week), but also for severity and du-
ration of  reflux, on risk of  EAC. Other epidemiological 
studies have also demonstrated the reflux-independent 
effects of  BMI[8,22-24] and abdominal obesity[8] on the risk 
of  EAC, however, It should be noted these studies rely 
on the reporting of  symptomatic reflux and do not nec-
essarily reflect the actual amount of  acid reflux.

It might be the location of  the fat rather than pure 
BMI that is important. Abdominal obesity, rather than 
excess weight has been suggested as the true association 
of  the increase in GORD. The association between BMI 
and GORD was attenuated when adjusted for waist cir-
cumference suggesting BMI has its affect by increasing 
abdominal obesity[25]. 

Although one large cross-sectional study found no 
association between GERD and waist circumference or 
waist: hip ratio[26], a considerable body of  research sug-
gests that an enlarged waist circumference increases the 
risk of  erosive oesophagitis[27-29]. A Korean study of  5329 
subjects reported an association between abdominal 
visceral adipose tissue volume, but not BMI or waist cir-
cumference, and erosive esophagitis[30]. Visceral adipose 
tissue has been assessed by CT scan and high levels of  
visceral adipose tissue were significantly associated with 
the duration of  GERD symptoms[31]. The association is 
most obvious in the white population, which could help 
explain the high levels in the developed world. It is not 
associated with black or Asian ethnicities[20]. 

ADIPOSITY AND RISK OF BARRETT’S 
ESOPHAGUS
In a recent pooled analysis from the BEACON con-
sortium, including 1102 cases of  long segment BE (> 
3 cm) and 1400 population-based controls from four 
case-control studies, increasing waist circumference was 
significantly associated with risk of  BE, independent of  
BMI (OR = 1.87, 95%CI: 1.22-1.32) for the highest vs 
lowest quartile), with evidence of  a significant biological 
gradient (OR = 1.16, 95%CI: 1.02-1.32, per 5 cm in-
crease in waist circumference)[19]. The effect sizes for the 
association between waist circumference and risk of  BE 
were similar in both men and women and were almost 
unchanged after adjustment for symptomatic reflux. 

A meta-analysis reported that BMI per se was not 
associated with BE[32] but that increased waist circum-
ference that confers a two-fold risk for BE[33]. Further 
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plausibly act through a number of  pathways (e.g., exercise 
and diet). There is evidence that weight loss secondary 
to lifestyle, dietary changes or surgery is associated with 
a reduction in symptomatic reflux[39]. Ascribing causal-
ity to obesity on the risk of  EAC can therefore only be 
determined through comprehension of  the available epi-
demiological data on the key features of  the association, 
which are consistent with a causal relationship, and an 
appraisal of  laboratory data.

MOLECULAR MECHANISMS
Whilst the pathogenesis of  EAC is not fully defined, in-
creasingly the molecular changes are being understood[40]. 
Detailed discussion of  the cellular and molecular changes 
leading to the development and persistence of  the clone(s) 
of  cells which give rise to initially Barrett’s Esophagus and 
the later progression in some cases to adenocarcinoma 
are outside the scope of  this review[41,42] but it seems clear 
that reflux of  gastro-duodenal contents is involved in the 
initiation, perpetuation and progression of  the esopha-
geal changes. However there must be other factors also 
driving these changes. As reviewed above, there are con-
siderable epidemiological data linking various markers of  
obesity with the development of  EAC and several, not 
mutually exclusive, biologically plausible mechanisms will 
be explored (Figure 1). However exactly how these mech-
anisms associated with obesity interact to promote EAC 
remains unclear, but exploration of  these mechanisms is 
likely to be fruitful in order to explore new treatment and 
preventative therapies. 

POSSIBLE MECHANISMS LINKING 
OBESITY WITH ESOPHAGEAL 
ADENOCARCINOMA
The association is by chance
It is first necessary to consider that the association is 
merely chance and that obesity does not directly contrib-
ute to the pathogenesis of  EAC. There have generally 
been parallel increases in obesity and EAC in the last few 
decades, and as discussed previously, obesity (especially 
abdominal visceral obesity) is clearly a risk factor for 
Barrett’s esophagus and EAC[43]. Some inconsistencies in 
the data deserve further comment: there have been dra-
matic rises in the incidence of  EAC incidence Australia 
and Denmark but with much more modest changes in 
obesity. The epidemic of  EAC in the United Kingdom 
appeared to start about 10 years before that in the United 
States, yet the United Kingdom was about 10 years be-
hind the United States in the increase in obesity rates[2]. 
Despite these uncertainties, the vast the majority of  the 
epidemiology showing obesity as a risk factor of  EAC is 
compelling and obesity is also associated with the risk of  
many other cancers. There is biological plausibility and 
the relative risk of  EAC with obesity is higher than other 
cancers, all suggesting that the association is real even if  

studies have reported similar findings as to the effect of  
visceral obesity on the risk of  BE but have also shown an 
inverse relationship with glutofemoral obesity[34,35]. This 
could be due to the less metabolically active nature of  
glutofemoral adipose tissue which further supports the 
theory it is distribution of  adipose tissue, not just overall 
increase in weight or the excess fat tissue that is a risk 
for BE. Recent studies have shown that even abdominal 
obesity is too crude a tool: it appears to be the visceral 
(mesenteric) component rather than the subcutaneous 
component that is the most important risk factor for 
BE[31,36].

Furthermore, the preponderance of  BE in men is 
not explained by differential risk in men and women ac-
cording to BMI alone. Although waist circumference 
increased the risk of  BE in male and females, the associa-
tion in females but not males is attenuated when adjusted 
for GORD symptoms[37]. It is possible that non-reflux 
related mechanisms contribute more to development of  
BE in males and these extra mechanisms could explain 
the higher male prevalence of  BE. Abdominal subcutane-
ous fat was not associated with the development of  BE, 
whereas visceral adiposity was[14]. 

The pathogeneses of  GERD, BE and cancer are 
complex and multifactorial[38]. It is important to note that 
symptoms of  GERD are fairly uniformly distributed 
globally (albeit generally less prevalent in Eastern coun-
tries compared to Western or Middle Eastern[38]) but the 
burden of  erosive esophagitis, Barrett’s esophagus and 
adenocarcinoma becomes increasingly concentrated in 
white males in the Western world[38]. Whilst this has an 
important correlation with exactly the group with the 
greatest increase in visceral obesity, it does limit the glob-
al generalizability of  the data; whilst the links between 
obesity and GERD are generally consistent worldwide, 
the majority of  the epidemiological data related to obe-
sity, Barrett’s and cancer, are from this most prevalent 
group and it is possible, although unproven that other 
factors may be more important in other racial groups or 
geographical areas.

WEIGHT LOSS AND RISK OF EAC
Unsurprisingly, to date there are is no significant body 
of  literature on the effect of  interventions to promote 
weight loss as a means to reduce the risk of  BE or EAC. 
At a general population level the age-standardized in-
cidence of  EAC is relatively low (approximately 12 per 
100000 per year in the United Kingdom)[2] and therefore 
a randomised controlled trial would require an unfeasi-
bly large sample size to empirically demonstrate this. A 
clinical trial to determine whether or not a weight loss 
programme could reduce the risk of  EAC in a group at 
higher risk of  progression, such as those with known BE, 
may be more feasible. However, such a clinical trial would 
be problematic in interpretation as causality could not be 
attributed to obesity (or lack of) per se, but ascribed to the 
intervention designed to promote weight loss, which may 
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obesity is not the sole driver of  EAC[3].

Lifestyle or dietary factors associated with obesity 
increase the risk of EAC
It is possible that specific dietary or lifestyle factors as-
sociated with obesity promote EAC development. There 
are many potential individual variables in but no data spe-
cifically implicating any one factor. Smoking, for instance, 
is a risk factor for both Barrett’s esophagus and progres-
sion to EAC[44,45] and lifestyle choices associated with sig-
nificant obesity may be associated with greater proclivity 
to smoking but smoking is associated with a lower body 
mass, including patients with BE[46]. There is a complex 
and not completely understood inter-relationship between 
smoking, obesity, Barrett’s esophagus and cancer. Whilst 
smoking does seem to be a consistent risk factor for pro-
gression to EAC[47], the effects on the development of  
BE are rather more variable; positive[46] and negative[48,49] 
associations have been reported and a meta-analysis con-
cluded that being an “ever-smoker” was associated with 
an increased risk of  BE when compared to population-
based (OR = 1.42, 95%CI: 1.15-1.76) or non-GERD-
controls (OR = 1.44, 95%CI: 1.20-1.74) but not GERD-
controls (OR = (1.18, 95%CI: 0.75-1.86)[50]. In one study 
the positive association between EAC and smoking was 
removed after adjusting co-variables[51]. There are very 
limited data examining the combination of  measures of  
obesity and smoking of  the risks of  BE and EAC. Hardi-

kar et al[15] reported that the increased risk of  progression 
to EAC associated with a high WTHR was only seen in 
male “never smokers” and not in male regular smokers. 
In a case-control study of  endoscopy patients smoking 
was a risk factor for the development of  BE: there was 
a suggestion that the risk associated with smoking was 
higher in the more obese (in those with BMI > 30, OR 
= 5.6, 95%CI: 1.7-18.3) than those of  lower body weight 
(BMI < 30, OR = 3.0, 95%CI: 1.5-6.1)[46], but these were 
not statistically significant differences. Other studies have 
failed to show any interaction[23,51] or have not specifically 
explored any possible interaction[48,49,52]. The decline in 
the prevalence of  smoking has occurred over the same 
period as EAC has increased and smoking would not 
explain the racial differences in EAC incidence. Thus 
although cigarette smoking itself  seems to be a risk fac-
tor for BE and progression to EAC, there are insufficient 
data to implicate smoking as direct line between markers 
of  obesity and development of  EAC.

Although moderate-severe exercise acutely can pre-
cipitate gastro-esophageal reflux, regular exercise is asso-
ciated with a lower rate of  erosive oesophagitis and also 
protects against obesity[53]. It is possible certain dietary 
substances may promote both obesity and relaxation of  
the lower esophageal sphincter (LOS) so promoting re-
flux disease and EAC. Although there are few convincing 
data implicating any specific dietary constituents, several 
possibilities exist: it seems a high calorie content of  meals 

Obesity

Increased gastro-
esophageal reflux

Increased leptin

Lifestyle and 
dietary factors

Reduced H. pylori
increased ghrelin

Metabolic syndrome and
systemic inflammation

Insulin resistance and
increased IGF-1

Decreased 
adiponectin

Gastro-esophageal 
reflux

Barrett’s esophagus

Dysplasia

Esophageal
adenocarcinoma

Figure 1  Possible mechanisms linking obesity with the development of esophageal adenocarcinoma. There are several potential and not mutually exclusive 
mechanisms that could link obesity and esophageal adenocarcinoma. Adipose tissue can exert both mechanical and endocrine effects that could enhance gastro-
esophageal reflux and progression to adenocarcinoma. Decreased H. pylori could promote both gastro-esophageal reflux by increasing gastric acidity and increase 
body mass by enhancing production of the gastric appetite-stimulating peptide ghrelin.
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independently of  fat content is most likely to provoke 
reflux[54] and chocolate promotes LOS-relaxation[53]. EAC 
is also associated with increased meat intake and reduced 
fruit and vegetable intake[55] and there are many other pu-
tative dietary components that could directly or indirectly 
promote EAC development in obese patients.

Increased gastro-esophageal reflux as the link between 
obesity and EAC
The link between EAC and fat tissue is much stronger 
for visceral obesity than overall obesity[43]. Perhaps the 
most obvious pathogenic link is that the visceral fat tis-
sue exerts mechanical effects on the upper GI tract to 
promote gastro-esophageal reflux directly and hence the 
Barrett’s-cancer sequence indirectly. There are consider-
able experimental data showing that acid and/or bile 
exert effects on the esophageal epithelium that would be 
expected to promote cancer (including stimulation of  
proliferation, inhibition of  apoptosis, generation of  free 
radicals[56-58], hence factors that provoke reflux would be 
expected to enhance the development and progression of  
Barrett’s esophagus. There are some data to support this 
hypothesis: obesity is indeed associated with an increased 
prevalence and severity of  reflux[59-61] and also with size 
of  hiatus hernia[62], greater esophageal acid exposure[25], 
and increased transient lower esophageal relaxations[63]. 
However it seems likely that visceral fat tissue exerts both 
direct and indirect effects on the promotion of  esopha-
geal carcinogenesis, the majority of  the data show that 
obesity is associated with Barrett’s oesophagus and/or 
EAC independently of  measures of  reflux[21,31,64,65]. 

A separate factor or factors have increased EAC and 
obesity 
One alternative hypothesis is that a separate factor or 
mechanism has promoted both obesity and EAC inde-
pendently of  each other. There are some data implicat-
ing Helicobacter pylori (H. pylori) infection in this situation. 
Infection of  the stomach with H. pylori, particularly the 
CagA positive strains that provoke more intense gastric 
mucosal inflammation is inversely associated with both 
erosive esophagitis and BE[66]. The most plausible expla-
nation for this is that infection and the resulting inflam-
mation of  the gastric body leads to a reduction in gastric 
acid secretion due to either local cytokine production[67] 
or more irreversible process due to the subsequent de-
velopment of  gastric atrophy[68]. Thus H. pylori infection 
would be associated with less reflux severe reflux disease 
due to relatively decreased gastric acid secretion. The 
prevalence of  H. pylori infection has fallen, whilst the 
incidence of  EAC has increased[69] over the last century. 
Weight gain is common after H. pylori eradication and 
hence a reduced prevalence of  H. pylori could directly 
provoke more severe reflux disease and an overall in-
crease in body mass. In a recent meta-analysis infection 
with CagA positive H. pylori was associated with a sig-
nificantly lower risk of  esophageal adenocarcinoma 0.74 
(95%CI: 0.57-0.97), although no significant relationship 

was seen with CagA negative strains or between H. pylori 
and esophageal squamous cancer[70]. 

Changes in dyspeptic symptoms could underlie the 
weight gain but a more direct link between these two has 
been postulated via the role of  gastric ghrelin. Ghrelin is 
a peptide hormone produced in, and secreted from, the 
P/D1 cells in the gastric body. Ghrelin stimulates appe-
tite. H. pylori infection is associated with lower levels of  
gastric mucosa ghrelin and these mucosal levels increase 
after H. pylori eradication[71,72]. Hence it possible that 
lower levels of  H. pylori infection are directly linked to 
obesity by increasing appetite. Whilst this is an attractive 
hypothesis and serum ghrelin levels have been shown 
increase after successful H. pylori eradication[73], this link 
between H. pylori status and circulating ghrelin has not 
be found consistently[74,75] to reliably increase after H. 
pylori eradication and higher plasma ghrelin levels have 
themselves been associated with both a lower incidence 
of  erosive oesophagitis (possibly by enhancing gastric 
emptying[76] and also protection against esophageal 
adenocarcinoma[77]. However, more in keeping with this 
hypothesis high plasma ghrelin levels have been shown to 
be positively associated with the development of  Barrett’s 
esophagus[76]. The time course of  H. pylori prevalence is 
not completely consistent with the changing epidemiol-
ogy of  EAC. The prevalence of  H. pylori had been fall-
ing steadily throughout the 20th century well before the 
upsurge in EAC[69] and the increase in EAC incidence in 
Sweden seemed to begin in the early 1990s, well after the 
discovery and active treatment of  H. pylori. The begin-
ning of  the upsurge in EAC in the United Kingdom be-
gan in the 1960s, well before the discovery of  H. pylori. 
Hypothesizing that decreased gastric H. pylori infection 
as a direct cause of  both obesity and EAC is also un-
able to explain the clear gender and racial differences in 
EAC[2] Therefore H. pylori infection and gastric ghrelin 
seem not be major contributors to the link between obe-
sity and EAC but these potential mechanisms do outline 
the potential importance of  factors influencing both ap-
petite and mucosal biology.

Meta-inflammation and the metabolic syndrome
Adipose tissue is now recognised as a complex meta-
bolically-active tissue, which secretes a variety of  media-
tors that can have effects throughout the body. These 
mediators can conveniently, if  rather simplistically be 
grouped into two: those relatively specific for adipose tis-
sue, generally called adipokines or adipocytokines which 
include several important mediators including leptin, 
adiponectin, resistin and omentin, these are generally 
primarily involved in energy balance homeostasis and 
a second group of  systemic cytokines that can be pro-
duced by a variety of  tissues not limited to fat cells[3,78,79]. 
Most commentators now accept that obesity is a state of  
chronic low-grade, systemic inflammation, also termed 
“meta-inflammation”. This is predominantly caused by 
the secretion of  a variety of  pro-inflammatory mediators 
by the fat tissue. These include tumour necrosis factor-α 
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(TNF-α), IL-1, IL-6, IL-8, interferon-β, MCP-1, VEGF 
and it is believed these mediators contribute not only to 
the development of  the metabolic syndrome, with result-
ing insulin resistance and the related complications but 
also the increased risk of  many cancers associated with 
obesity[79]. Systemic inflammation is recognised as a clas-
sical precursor to cancer, it is not completely understood 
how this systematic inflammatory state promotes cancer 
although, simplistically, many of  these mediators pro-
mote cell proliferation, inhibit apoptosis and stimulate 
angiogenesis, all of  which would be expected to promote 
cancer. 

Faecal calprotectin, which is a marker of  luminal 
inflammation, is increased in obesity[80]. There is an 
increased incidence of  most gastrointestinal cancers as-
sociated with this obesity-induced inflammatory state[3], 
but the relative risk of  EAC is higher than other cancers. 
Exactly how this meta-inflammation promotes EAC in 
the face of  what would seem to be more severe and pro-
longed esophageal inflammation driven separately by acid 
and bile reflux is uncertain, although it again underlines 
the potential effects of  circulating fat-derived mediators.

The meta-inflammation associated with obesity is as-
sociated with insulin resistance and increased circulating 
concentrations of  both insulin and insulin growth fac-
tor-1 (IGF-1). This increase in insulin-related factors is at 
least partly driven by the secretions from metabolically-
active visceral adipose tissue. As discussed above, a fea-
ture of  obesity, and more specifically visceral obesity, is 
increased levels of  inflammatory cytokine and mediators, 

including free fatty acids, TNF-α, leptin and resistin[81,82] 
and reduced secretion of  adiponectin[83]. Insulin stimu-
lates the production of  IGF-1 and decreases produc-
tion of  the major serum proteins which bind insulin 
and IGF-1, insulin growth factor binding proteins 1 
(IGFBP-1) and 3 (IGFBP-3)[84]. The overall effect is to 
increase the bioavailable levels of  IGF-1. Both insulin 
and IGF-1 can bind to the insulin growth factor receptor 
complex, stimulating pathways that promote cellular pro-
liferation. In a Barrett’s cohort this insulin resistance has 
been associated with progression to adenocarcinoma[43]. 
Insulin and IGF-1 are mitogenic for many tissues, includ-
ing Barrett’s esophageal cells, which express IGF-1 recep-
tors[85]. IGF-1 receptor expression is increased in EAC 
specimens resected from viscerally obese patients[86]. 
However the available data are conflicting on the role of  
IGF-1 and insulin as risk factors for malignant progres-
sion in BE. An increase in risk of  cancer or BE have 
been reported[84,86], but other studies have failed to dem-
onstrate any association between the metabolic syndrome 
and the risk of  EAC [43] or between serum IGF-1 or 
IGFBP3 (the predominant serum binding protein) levels 
and progression of  Barrett’s[87].

Adipokines as effectors of the esophageal mucosal 
changes
These general inflammatory changes may be important 
in the development of  EAC, but the specific role of  
adipokines is attracting considerable attention. Leptin 
and adiponectin have been examined in some detail and 

Receptors expressed on Barrett’s 
esophagus and adenocarcinoma
Inhibition of cell proliferation
Amelioration of the anti-apoptotic effect 
of growth factors including leptin
Inhibition of invasion and migration
Activation of PTP1B
Activation of AMPK
Inhibition of STAT3 and AKT
Reduced MMP expression

Receptors expressed on Barrett’s esophagus 
and adenocarcinoma
Stimulation of cell proliferation
Inhibition of apoptosis
Stimulation of invasion and migration
Increased COX-2 expression
Increased MMP expression
Increased EGFR ligand expression
Activation of MAPKs, AKT, NF-kB and STAT3

Progression to 
esophageal 
adenocarcinoma

Adiponectin Leptin 

Figure 2  Effects of the adipokines leptin and adiponectin on Barrett’s esophagus and esophageal adenocarcinoma. Obesity, more specifically visceral obe-
sity, is associated with increased serum leptin and decreased serum adiponectin levels. Leptin and adiponectin have a set of antagonistic pathophysiological actions 
on Barrett’s esophageal and adenocarcinoma cells.
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it is possible they are a direct mechanistic link between 
obesity and progression to EAC (Figure 2). There are 
other adipokines such as resistin and omentin[88]: there no 
cell line or in vitro mechanistic studies examining the ef-
fects of  these on esophageal tissues and there is a single 
epidemiological study showing that circulating resistin 
levels were higher in those with gastro-esophageal reflux 
disease than either Barrett’s esophagus or controls[83] but 
further studies are required.

LEPTIN
Leptin is the archetypal adipokine. It is secreted as a 16 
kDa protein from fat cells and serum levels are propor-
tionate to body fat mass, as might be expected from it 
playing an important role as a regulator of  appetite, en-
ergy metabolism and body weight. In the vast majority of  
obese subject, serum levels are significantly elevated and 
leptin deficiency is very rare cause of  human obesity, in 
contrast to the gross obesity of  the naturally occurring 
ob/ob leptin-deficient mouse[89]. It is thought that a de-
gree of  hypothalamic hyposensitivity to leptin is a more 
important cause of  clinical obesity[90]. Many studies have 
reported that increased leptin levels are an independent 
risk factor for many cancers including breast, colorectal, 
prostate, ovarian, lung and endometrial[91]. Leptin levels 
have be an shown to be an independent risk factor for 
the development of  Barrett’s oesophagus[65,76,83], one 
study showed this effect was seen in male and not fe-
males[92] but another study confirmed this association in 
females[93]. Increased leptin levels have been shown to be 
an independent risk factor for progression to cancer in a 
cohort of  patients with Barrett’s esophagus[43]. Consistent 
with these data suggesting that leptin could directly af-
fect the esophagus, leptin receptor expression has been 
detected in non-dysplastic Barrett’s cell lines, esopha-
geal adenocarcinoma cell lines, Barrett’s esophagus and 
EAC[94-97]. One study has reported an association between 
increased leptin-receptor expression and more advanced 
stage in EAC[96].

Leptin promotes malignant behaviour in experimental 
esophageal cell line models. Leptin signals via the leptin 
receptor and increases proliferation, inhibits apoptosis, and 
stimulates migration and invasion. This is accompanied by 
the production of  the matrix metalloproteinases (MMPs) 
MMP-2 and MMP-9 which are involved in invasion[94,98]. In 
a separate study, conditioned media from visceral adipo-
cytes stimulated production of  MMP-9 from esophageal 
adenocarcinoma cell lines and there is a clear association 
between in vivo MMP-9 production by EAC tissues and vis-
ceral obesity[99], suggesting that fat-derived mediators can 
influence esophageal epithelial behaviours, although the 
latter study did not confirm a specific role of  leptin.

The cell signalling pathways involved in these leptin-
induced effects have been well described[94,98]. Binding of  
leptin to the full-length receptor stimulates phosphory-
lation of  the receptor-associated JAK2 tyrosine kinase 
which subsequently leads to activation of  the protein ki-

nase B/Akt and extra-cellular signal related kinase (ERK) 
cascades. The p38 MAP kinase pathway is also activated 
in a JAK2-independent manner downstream of  the leptin 
receptor. The NF-kB pathway is activated, predominantly 
via upstream Akt activation. Inhibitor studies have shown 
that the ERK, Akt, NF-kB and p38 pathways are all es-
sential to the proliferative and anti-apoptotic effects of  
leptin. Co-ordinated activation of  these pathways leads to 
enhanced expression of  the cyclo-oxygenase-2 (COX-2) 
gene. This in turn enhances prostaglandin E2 (PGE2) 
production. PGE2 leads to by transactivation of  the epi-
dermal growth factor receptor (EGFR) and subsequent 
EGFR-dependant activation of  the mitogen activated 
protein kinase cascades and late activation of  c-Jun 
N-terminal kinase. As well as stimulating the initial steps 
in the pathway, leptin increases mRNA expression of  the 
EGFR ligands and heparin binding EGF (HB-EGF) in 
EAC cells and immunoneutralisation of  these growth 
factors blocks the proliferative effects of  leptin, confirm-
ing their role in the pathway[95].

A separate JAK2-dependant pathway leading activa-
tion of  signal transducer and activator of  transcription 
3 (STAT3) is also stimulated by leptin in EAC cells. Ac-
tivated STAT3 also essential to the proliferation, anti-
apoptotic and pro-invasive effects of  leptin[98]. 

The experimental data show that leptin is able to 
stimulate malignant behaviour in Barrett’s cells bearing 
the leptin receptor and thus may be a direct link between 
obesity and progression to EAC. As discussed previously, 
obesity seems to promote the development of  Barrett’s 
oesophagus and EAC through both reflux-dependent and 
independent mechanisms. Epidemiologically this combi-
nation of  obesity and reflux is associated with a cancer 
risk significantly greater than either alone or when sum-
mated[21,31,43,64,65]. There are interesting parallels in the ex-
perimental cell models. The combination of  exposure to 
leptin (as a model for obesity) and transient acid exposure 
(as a model of  transient acid reflux) produced significantly 
greater (and synergistic) cell proliferation and reduction in 
apoptosis in EAC cell lines[56]. This acid-leptin combina-
tion resulted in synergistic activation of  the Akt and ERK 
signalling cascades, without any further increases in leptin-
receptor expression, COX-2 expression, PGE2 produc-
tion and phosphorylation of  either p38 MAP kinase or 
the EGFR[56]. In vivo, esophageal acid exposure enhances 
MAP kinase activation and mucosal proliferation[100] and 
increased AKT activation is associated with decreased 
apoptosis and progression to high grade dysplasia and 
cancer[101] Therefore it is possible that the continued expo-
sure to the high levels of  serum leptin seen in obese sub-
jects enhances the response of  Barrett’s mucosa to even 
physiological acid reflux and promotes malignant change.

In addition to adipocytes, leptin is also synthesised 
and secreted by chief  cells in the gastric body and can be 
detected in gastric juice. The function of  this luminally-
secreted leptin is unclear but it is possible it is a physio-
logical regulator of  mucosal integrity or nutrient absorp-
tion. Therefore esophageal mucosa is potentially exposed 
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to both circulating leptin and that in gastric refluxate, 
again suggesting some point of  convergence between 
reflux-dependant and -independent mechanisms. Fur-
ther studies are required into the possible role of  gastric 
leptin however the presence of  Barrett’s oesophagus has 
been associated with increased levels of  gastric fundic 
leptin[102].

ADIPONECTIN
Adiponectin, a 30 kDa protein, is the predominant pro-
tein secreted by adipocytes. Unlike leptin, adiponectin 
secretion falls as obesity increases and so obesity is char-
acterised by relative adiponectin deficiency. The exact 
mechanisms causing this inverse relationship between 
fat mass and adiponectin secretion are unclear[103]. As 
might be expected, in general the effects of  adiponectin 
are to oppose those of  leptin and relative adiponectin 
deficiency has been implicated in the pathogenesis of  
the metabolic syndrome and its complications, including 
systemic inflammation. In general low systemic adipo-
nectin levels have been associated with an increased risk 
of  many cancers (including breast, colorectal, prostate, 
endometrial and gastric)[104]. Comparison between stud-
ies is complicated by the various circulating forms of  
adiponectin, which may have different biological actions 
and are detected in different assays[105]. Adiponectin is se-
creted as a full-length monomer (f-adiponectin) than then 
aggregates into both low- molecular and high-molecular 
weight oligomers. A truncated form (globular adiponec-
tin (g-adiponectin)) is also found, this is at least partly 
formed by breakdown of  full-length adiponectin by en-
zymes released in inflammation and circulating levels may 
not accurately reflect tissue levels of  g-adiponectin[106]. 
There at two specific cell surface adiponectin receptors: 
AdipoR1 which appears to be relatively globular adipo-
nectin specific and AdipoR2 which has equal affinity for 
globular and full length adiponectin[107]. Adiponectin may 
also be able to exert cellular effects by binding to, and in-
hibiting the action of, HB-EGF[108].

Data are available to support relative adiponectin de-
ficiency in the promotion of  EAC (Figure 2). AdipoR1 
and AdipoR2 are expressed on both non-dysplastic and 
neoplastic Barrett’s epithelium[97,109,110]. Circulating adi-
ponectin levels have been shown to be inversely associ-
ated with the risk of  both Barrett’s oesophagus[83,93,111], 
and erosive oesophagitis[112]. Increased levels of  low-
molecular weight adiponectin and a high low-molecular 
weight/total adiponectin ratio have been shown to be 
independently associated with a reduced risk of  develop-
ing Barrett’s esophagus in patients with gastro-esophageal 
reflux disease[113].This relationship has not been seen in 
all studies[92]. Perhaps more convincingly low serum levels 
of  adiponectin have been reported to be an independent 
risk factor for neoplastic progression in a cohort of  Bar-
rett’s patients[43]. 

In a variety of  experimental studies adiponectin has 
been shown to exert anti-cancer effects in Barrett’s can-

cer cell lines. Adiponectin inhibits leptin-induced prolif-
eration, inhibits leptin-induced invasion and migration 
and ameliorates the anti-apoptotic effect of  leptin. In-
hibition of  AdipoR1 with RNA interference prevented 
these effects. Downstream of  AdipoR1, these effects 
are mediated by 5’-AMP activated kinase (AMPK), 
which ultimately leads to blunting of  leptin signalling 
via inhibition of  the Akt pathway[110]. Further detailed 
studies have shown these inhibitory effects are mediated 
by the activation of  the relatively non-specific protein 
tyrosine phosphatase PTP1B. Adiponectin leads to in-
creases in both PTP1B mRNA and protein expression 
and also a separate activation of  PTP1B enzyme activity. 
Activation of  this tyrosine phosphatase inhibits signal-
ling via the leptin receptor. These experimental models 
provide a basis to explain how leptin, adiponectin and 
acid may interact at the cellular level to promote either 
the promotion or persistence of  Barrett’s epithelium or 
malignant behaviour in cancer cells and how obesity can 
remotely influence the risk so EAC[98]. Although specu-
lative at this stage, this potential mechanism of  adipo-
nectin via PTP1B could have wider importance. PTP1B 
is a relatively non-specific phosphatase and would also 
be expected to inhibit signalling via other pathways that 
are believed to be important in driving malignant be-
haviour in Barrett’s epithelium, such as EGFR ligands, 
IL-6 and bile acids or even those pathways leading to 
cdx2 expression, which are believed to be central to the 
development of  the Barrett’s phenotype[41,114,115]. Hence 
relative adiponectin deficiency in obesity could contrib-
ute to the development and progression of  Barrett’s 
esophagus at many steps. 

The different types of  adipose tissue have different 
hormonal effects. As discussed previously EAC and 
Barrett’s are most clearly associated with abdominal 
rather than general obesity[31]. Even within this abdomi-
nal obesity there are variable contributions from the 
separate visceral and subcutaneous fat tissues. More 
specifically, excess visceral fat being specifically associ-
ated with Barrett’s esophagus. Gluteofemoral fat (“hips”) 
(which is subcutaneous fat) does not seem to be a spe-
cific risk factor of  BE and may even be protective[34] It is 
thought gluteofemoral and subcutaneous fat is even less 
metabolically active and has less effect on progression 
of  Barrett’s oesophagus. In light of  this, it is believed 
that visceral, rather than subcutaneous, fat is usually the 
predominant source of  circulating adiponectin[116-118] and 
this might explain how reduction in adiponectin secre-
tion from visceral fat probably specifically contributes 
to the Barrett’s-carcinoma sequence.

IMPLICATIONS FOR THERAPY
The fact that obesity is a risk factor for both BE and 
EAC is established. This is already being translated into 
the clinical arena: for example the British Society of  
Gastroenterology guidelines now suggest that screening 
and case finding for Barrett’s esophagus be considered 
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in males with reflux symptoms and at least two other 
risk factors (Caucasian, obesity, smoker), this has the 
advantage of  detecting premalignant cases of  Barrett’
s esophagus that may be amenable to surveillance and 
endoscopic therapies if  required[119]. A broader question 
is how may our understanding of  the pathophysiological 
links between obesity and EAC be translated into useful 
therapeutic gains for prevention or treatment?

The mechanisms linking obesity and esophageal are 
undoubtedly complex and likely multifactorial and are 
likely to differ depending on the histological stage of  the 
esophageal mucosa. Experimental and epidemiological 
studies support a role of  the adipokines leptin and adipo-
nectin in the progression to EAC but further mechanistic 
and clinical studies are still required. At the present time, 
these pathophysiological insights have suggested several 
new areas of  therapy.

Although it is accepted that gastro-esophageal reflux 
plays a central role in the pathogenesis of  BE and EAC 
and appears to accentuate the risks associated with obe-
sity, profound acid suppression with either proton pump 
inhibitors or anti-reflux surgery have not conclusively 
been shown to have chemopreventative effects. The large 
United Kingdom AspECT trial comparing placebo, aspi-
rin and standard- and very high dose-esomeprazole in a 
randomized trial may provide clarity on this issue when 
data become available[120].

At both a population and individual level weight loss 
with dietary and behavioural modifications remains the 
first line approach for obese patients. Gastric bands tend 
to accentuate reflux and for those patients with reflux 
symptoms and significant obesity[121], a Roux-en-Y gastric 
bypass appears to be the preferable procedure, although 
it cannot be advocated purely to prevent esophageal can-
cer. Interestingly, as well as a reduction in body mass and 
visceral fat, and reducing symptoms from gastro-esoph-
ageal reflux, this procedure is associated with potentially 
beneficial metabolic effects including higher serum adi-
ponectin[39,122]. 

There may yet be some developments in therapies 
aimed to improve the metabolic/endocrine profile of  adi-
pose tissue that may translate into useful clinical interven-
tions. Antagonists of  CB1 receptors, such as rimonabant 
reduce visceral fat[123] and the PPAR-α agonists such as 
rosiglitazone enhance adiponectin release from visceral 
fat[118]. Unfortunately at the present time the adverse ef-
fects; psychiatric problems with rimonabant and bladder 
cancer and the increased cardiovascular mortality with 
PPAR-α agonists preclude their wider use. A variety of  
other agents have been shown to usefully increase serum 
adiponectin levels: these include PPAR-α agonists, inhibi-
tors of  the renin-angiotensin system, calcium channel 
modulators and some beta-receptor antagonists[124] and 
various phyochemical such as catechin[125]. All these de-
serve further study, although at this time, data are limited 
and these drugs and their effect on adipokine profiles 
have not been investigated in the context of  esophageal 
disease[124]. Preclinical development of  adiponectin-ana-

logues[126] and leptin-receptor antagonists[127] is continuing 
but these are some way off  clinical use. 

Metformin seems to have some potential as a chemo-
preventative agent in the context of  obesity-associated 
EAC. Metformin is a direct activator of  AMPK kinase 
and exerts potentially useful anti-cancer effects[128]. In 
Barrett’s cell line studies, the inhibitory effects of  adipo-
nectin are also mediated via activation of  AMPK[110]. In 
case-control studies, metformin use is associated with a 
reduced incidence of  many cancers including esophageal 
cancer[129]. Metformin is inexpensive, has a low incidence 
of  side effects and could be promising chemopreventa-
tive agent, although more studies specifically in EAC are 
needed.

There appear to be more data to recommend aspirin 
and statins (HMG-CoA reductase inhibitors) as the most 
appropriate potential chemopreventative agents to reduce 
the incidence of  EAC associated with, or indeed without 
obesity. Several lines of  experimental data show that cy-
clooxygenase inhibitors, such as aspirin, reduce malignant 
behaviours such as proliferation and apoptosis-inhibition 
in EAC and non-neoplastic Barrett’s cells lines. Non-spe-
cific and COX-2 selective inhibitors block the effects of  
leptin in cell line models[130-132]. Definitive conclusions on 
the preventative effects of  aspirin may have to wait until 
the UK AspECT trial has reported[120]. Observational 
studies and meta-analyses show that aspirin use is associ-
ated with a reduced incidence of  both Barrett’s esophagus 
and EAC[133,134]. Statins exert potent anti-cancer effects in 
EAC cells line models. By inhibiting the post-translational 
modification (prenylation) of  small signalling G protein 
of  the Ras/Rho family and so ameliorating pro-carcino-
genic signalling from growth factor receptors, statins in-
hibit cell growth and induce apoptosis[135]. Experimentally 
the effect of  inhibition of  the COX-2/PGE2 pathway, by 
using a variety of  small molecule COX-inhibitors, inhibi-
tion of  microsomal PGES-1 or RNA interference, and 
the effect statins were additive[131,135]. A similar magnitude 
of  reduced risk has been reported in two separate meta-
analyses of  Barrett’s cohorts, where the combination 
of  COX-inhibitor and statin was associated with a 85% 
reduction in EAC incidence[133,136]. Statins may also have 
beneficial effects by increasing increase serum adiponec-
tin levels[124]. It is probably premature to advocate aspirin 
and statin therapy as primary preventative therapy for all. 
It is essential to consider that cardiovascular disease and 
not EAC is predominant cause of  death in Barrett’s co-
horts and hence that statins and aspirin should be utilised 
for the beneficial effects on circulatory diseases pending 
further clarification of  the chemopreventative actions[131].

CONCLUSION
Overall a large amount of  epidemiological data shows 
that obesity is likely to be causally associated with esoph-
ageal adenocarcinoma. This cancer is strongly associated 
with an increase in BMI, in fact more so than for other 
cancers. There are also strong associations between mea-
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sures of  adiposity and gastro-esophageal reflux including 
the more serious sequelae, reflux esophagitis and Barrett’s 
esophagus. Abdominal, and in particular visceral, obesity 
is likely to play a key role in its pathogenesis though both 
reflux-dependent and -independent mechanisms. Leptin 
and adiponectin are adipokines secreted by visceral fat 
cells and both an increased serum leptin decreased serum 
adiponectin have been reported to be risk factors for 
progression to EAC. Experimentally, leptin enhances, 
and adiponectin inhibits malignant behaviour in Barrett’s 
cell lines, consistent with these mediators having a direct 
role in the pathogenesis of  EAC. No specific chemopre-
ventative strategies are of  proven benefit, but appropriate 
weight loss in overweight subjects seems appropriate. As-
pirin and statins seem to have the most potential as che-
mopreventative actions and should be utilized in patients 
with Barrett’s esophagus according to the cardiovascular 
risk profile. 
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