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ABSTRACT – The worldwide pandemic of obesity carries 
alarming health and socioeconomic implications. Bariatric 
surgery is currently the only effective treatment for severe 
obesity. It is safe, with mortality comparable to that of chole-
cystectomy, and effective in producing substantial and sus-
tainable weight loss, along with high rates of resolution of 
associated comorbidities, including type 2 diabetes. For this 
reason, indications for bariatric surgery are being widened. In 
addition to volume restriction and malabsorption, bariatric 
surgery brings about neurohormonal changes that affect 
satiety and glucose homeostasis. Increased understanding of 
these mechanisms will help realise therapeutic benefits by 
pharmacological means. Bariatric surgery improves long-term 
mortality but can cause long-term nutritional deficiencies. 
The safety of pregnancy after bariatric surgery is still being 
elucidated.

KEY WORDS: bariatric surgery, obesity, weight loss, diabetes, 
hormones

Introduction

Obesity is a worldwide pandemic,1–4 with the number of obese 
children and adolescents increasing alarmingly.5 This has serious 
health and socioeconomic implications due to the attendant 
increase in related comorbidities.1,2,4,6 Obesity causes type 2 
diabetes, hypertension, dyslipidaemia, cardiovascular disease, 
obstructive sleep apnoea, obesity hypoventilation syndrome, 
cancer, steatohepatitis, gastro-oesophageal reflux, gallstones, 
pseudotumour cerebri, osteoarthritis, infertility and urinary 
incontinence.1–6 Severe obesity reduces life expectancy by 5–20 
years.1 

Diet, exercise and drug treatments for severe obesity have been 
disappointing.1–3,5–12 At the present time, bariatric surgery is the 
only treatment that reliably produces substantial and sustainable 
weight loss.1–7,9,13 It is indicated in people with BMI >40 kg/m2 
or with BMI >35 kg/m2 in the presence of significant comor-
bidity.3,5,7,14 Bariatric surgery is cost effective,3,6,15 achieving 
weight loss, as well as improvement or resolution of associated 
comorbidities.1,2,5,6,9,15,16 In the past decade, the development of 
centres of excellence,5,6 laparoscopic techniques,2,5,6 improved 
safety profiles2,6,9 and better documentation of clinical 

effectiveness2,6,15 have fuelled an increase in the number of pro-
cedures performed. 

Types of surgery

Bariatric surgical procedures are traditionally classified as restric-
tive, malabsorptive or combined according to their mechanism 
of action. The procedures most commonly performed are 
laparoscopic adjustable gastric banding and roux-en-y gastric 
bypass.3,13 Sleeve gastrectomy is increasingly performed.2,6,7 
Biliopancreatic diversion and biliopancreatic diversion with 
duodenal switch are much more complex and performed infre-
quently.2,5,17,22 Other historical procedures are no longer in 
common use.

In addition to restriction and malabsorption, recent evidence 
suggests that neurohormonal changes are an important effect of  
bariatric surgery.2,6,7,17,18 Bariatric surgery is only part of the 
management of severe obesity. Careful patient selection and 
preparation are extremely important, as are long-term compli-
ance with diet, nutritional supplementation and follow up.2,5,6,19

Laparoscopic adjustable gastric banding2 

A purely restrictive procedure, laparoscopic adjustable gastric 
banding (LABG) is the least invasive procedure, is completely 
reversible and has the lowest mortality.19 A silicone inflatable 
band is placed around the stomach cardia immediately below 
the gastrooesophageal junction (Fig 1). This is connected to a 
subcutaneous port that is used for band adjustment.5,6 The band 
compresses the cardia to generate a sense of satiety and reduced 
appetite, which is thought to be mediated via vagal afferents.2

Roux-en-Y gastric bypass 

Roux-en-Y gastric bypass (RYGB) is a combined procedure that 
is also performed laparoscopically. A 20–30-ml gastric pouch 
connected to the jejunum forms the Roux limb (Fig 2). The 
disconnected duodenal limb is anastomosed 75–150 cm along 
the Roux limb, forming a Y configuration. The distal stomach, 
duodenum and part of the proximal jejunum are thus 
bypassed.5–7,20 Despite the traditional classification of the this 
procedure, malabsorption is not significant with the standard 
RYGB surgery.7 In an extended gastric bypass, the Roux limb is 
lengthened to increase the malabsorptive component.6,20

Sleeve gastrectomy 

In sleeve gastrectomy, 60–80% of the stomach is removed along 
the greater curvature to leave a restricting ‘sleeve’ of stomach 
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along the lesser curve (Fig 3).5,20,21 Originally the first step of the 
biliopancreatic diversion with duodenal switch (see below), 
sleeve gastrectomy has evolved into a staging procedure for 
super obese or high-risk patients.2,5–7,20 It is also increasingly 
used as a standalone procedure.2,6,7 

Biliopancreatic diversion and biliopancreatic diversion 

with duodenal switch 

Biliopancreatic diversion (BPD) and biliopancreatic diversion 
with duodenal switch (BPD/DS) are malabsorptive operations 
that result in bypass of most of the small intestine. With BPD/
DS, a sleeve gastrectomy is performed, leaving the pylorus 
intact. The duodenum is then disconnected and the stomach 
anastomosed to the distal small bowel (the ‘duodenal switch’), 
creating a short alimentary limb. The long biliopancreatic limb 
is then anastomosed to the ileum 75–100 cm proximal to the 
ileocaecal valve, so digestion and absorption occurs only in the 
short common channel.5,6,20 With BPD, a partial gastrectomy 
leaves a 400 ml gastric pouch and the common channel is short-
ened to just 50 cm.5

Safety profile and complications

Bariatric surgery is safe.2,5,6,9,22–24 High-volume centres of excel-
lence deliver bariatric surgery with inhospital mortality of 
0.14% and 90-day mortality of 0.35%, which is comparable to 
that for cholecystectomy.6 Acute complications, including haem-
orrhage, obstruction, anastomotic leak, wound infection, 

Fig 1. Laparoscopic adjustable gastric banding. An adjustable gastric 
band is placed at the very top of the stomach, with no significant 
gastric pouch above. Compression of vagal afferents within this area 
of gastric cardia is suggested to mediate the satiety effect. 
Reproduced with permission from John Wiley and Sons.2
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Fig 2. Roux-en-Y gastric bypass. 
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Fig 3. Sleeve gastrectomy.
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Bariatric surgery is now advocated by some for the treatment of 
T2DM in patients with BMI <35 kg/m2.4,7,30,31

Bariatic surgery effectively treats all other associated comor-
bidities: from steatohepatitis and pseudotumour cerebri to uri-
nary incontinence.1–3,5,6,15 Meta-analysis showed that hyperlipi-
daemia improved in �70% of patients, hypertension resolved 
in 61.7% (and resolved or improved in 78.5%) and obstructive 
sleep apnoea resolved in 83.6%.9 At five years, the risk of car-
diovascular disease had decreased by 72%.3 The incidence of 
cancer also reduced markedly,6,15,16 as did the risk of developing 
new comorbid conditions.15 Long-term efficacy is well 
documented.5,6,28 

At follow up after 10 years, the Swedish Obese Subjects (SOS) 
study showed a 29% reduction in adjusted all-cause mortality, 
primarily because of decreases in cancer and myocardial infarc-
tion.16 A retrospective cohort study of 7,925 patients after RYGB 
reported a 40% reduction in all-cause mortality during mean 
follow up of 7.1 years.23 Specific mortality decreased by 56% for 
coronary artery disease, by 92% for diabetes and by 60% for 
cancer. A large observational study, in which the vast majority of 
patients had undergone RYGB, reported an 89% risk reduction 
in five-year mortality.15 

Energy homeostasis and hormonal changes

Weight loss after bariatric surgery is not explained by volume 
restriction and malabsorption alone.17 Indeed malabsorption is 
estimated to account for only 5% of the weight loss following 
standard RYGB.17 Bariatric surgery causes significant changes in 
the neurohormonal profile, which contributes to sustained 
weight loss through changes in appetite, satiety, food preferences 
and eating patterns and explains the remarkable effect on 
T2DM.2,5–7,17,18  

The hypothalamus32 

Hormonal signals provide information about energy status to 
the hypothalamus. Adipokines are secreted by adipose tissue and 
enterokines by the gut. Incretins are enterokines that stimulate 
release of insulin after food intake.18 Two hypothalamic circuits 
influence food intake, and both contribute to acquisition and 
storage of nutrient energy. The homeostatic circuit increases 
appetite and locomotion in response to energy shortage. The 
hedonic circuit is engaged at stable weight plateaus in associa-
tion with increases in body fat. It heightens finickiness to taste of 
food. Obese animals overeat palatable food but undereat bland 
foods and lose weight. In our current obesogenic environment, 
the hedonic circuit facilitates the seeking of energy-dense foods 
uncoupled from energy status.

Enterokines

Ghrelin,33 which is mostly synthesised in the stomach, is a potent 
appetite stimulator involved in hunger and meal initiation. 
Circulating levels are inversely proportional to BMI and respond 

cardiac arrhythmias, pulmonary emboli, respiratory failure and 
rhabdomyolysis, occur in 5–10% of patients.5,6,9,10,25 

Long-term complications include internal hernias, anasto-
motic stenoses, marginal ulceration, fistulae, diarrhoea, dumping 
syndrome, gallstones, emotional disorders and nutritional defi-
ciencies.5,6,13,15,20,25–27 Patients with LAGB can experience port 
problems, stomal obstruction, band slippage/erosion, pouch 
dilation, gastro-oesophageal reflux and oesophageal dila-
tion.5,13,19,25 Malnutrition is a concern with BPD with or without 
DS.1,17 Long-term risks for sleeve gastrectomy are unknown.5 

The Longitudinal Assessment of Bariatric Surgery22 reported 
overall 30-day mortality of 0.3% for 4,610 patients having LAGB 
or RYGB for the first time, with 4.3% of patients having a major 
adverse outcome within 30 days. This was most frequent among 
patients having open RYGB (7.8%). A meta-analysis involving 
85,048 patients reported a total 30-day mortality of 0.28% and a 
two-year mortality of a further 0.35%.24 The most complex mal-
absorptive procedures had the highest perioperative mortality at 
1.11%. Mortality for gastric banding is between one in 2,000 and 
one in 5,700.2 

Effects on weight, comorbidities and long-term 
mortality

After RYGB, patients lose 60–70% of their excess weight over two 
years, and this is largely durable.1,2,6,9,15,16,28 Weight loss is 
dependent on long-term compliance with dietary recommenda-
tions.2,5,6 Sugary, energy-dense foods and drinks can ‘bypass the 
bypass’. After gastric banding, patients lose about 50% (range 
39%–59%) of their excess weight at a slower rate, often contin-
uing into the fifth year.1,2,5,6,9,19 Regular band adjustment is 
necessary.16 The Swedish Obese Subjects (SOS) study reported a 
reoperation or conversion rate of 31% for gastric banding and 
17% for gastric bypass among patients followed for �10 years, 
excluding operations for postoperative complications.16 However, 
at the centre in Melbourne, only about 10% of patients after 
LAGB need some revisional procedure, including band replace-
ment, in the following 10 years.2 Biliopancreatic diversion with 
or without DS produces excess weight loss of 70.1%;9 sleeve 
gastrectomy produces initial excess weight loss of 55%, but this 
may not be durable.2 

Bariatric surgery also produces significant improvement in 
obesity-related comorbidities, with the most remarkable effect 
being resolution of type 2 diabetes (T2DM). A meta-analysis 
encompassing 22,094 patients reported complete remission of 
T2DM in 76.8% of patients,9 and a registry from the UK with 
data on 8,710 patients reported resolution of T2DM in 85.5% of 
patients.29 Major improvement often occurs within days after 
RYGB, before significant weight loss is achieved.5–7,17,18 After 
LAGB, improvement in T2DM occurs more slowly as a result of 
weight loss.2,7,19 Combined or malabsorptive procedures pro-
duce greater improvement than purely restrictive proce-
dures.1,2,5,9,18 Diabetes less than three years in duration, no 
insulin requirement, milder obesity with BMI <40 kg/m2 and 
weight loss �10% predict complete resolution of T2DM.18,19 
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A possible mediator of the foregut exclusion theory is the gas-
tric inhibitory polypeptide or glucose-dependent insulinotropic 
polypeptide (GIP), which is secreted by K cells in the duodenum 
in response to nutrient absorption.18,39,40 In addition to its 
incretin action, GIP promotes lipogenesis,41 with GIP receptor 
knockout mice protected against diet-induced obesity and 
insulin resistance,39 while antagonism of the GIP receptor 
improves glucose tolerance and insulin sensitivity and partially 
corrects pancreatic islet hypertrophy and �-cell hyperplasia.40 
Levels of GIP are suppressed after malabsorptive 
procedures.18,41 

Adipokines

Adiponectin17,36,37 is synthesised primarily in adipose tissue, 
with levels inversely correlated with BMI. It is an important 
insulin sensitiser, and hypoadiponectinaemia causes insulin 
resistance and T2DM. Adiponectin also possesses antiathero-
genic, anti-inflammatory and cardioprotective properties and 
may act centrally to modulate food intake and energy expendi-
ture. Weight loss following bariatic surgery increases levels of 
adiponectin. 

Leptin38,32 is secreted by adipose tissue and regulates body 
weight via its action on the hypothalamus. It increases noctur-
nally to stimulate lipolysis but also increases postprandially to 
induce anorexia. In addition, leptin plays an important role in 
glucose homeostasis. Levels of leptin are proportional to body 
fat, with starvation or energy shortage activating the homeo-
static mechanism in the hypothalamus to restore energy balance. 
However,  leptin resistance develops in obesity. Weight loss from 
bariatic surgery reduces leptin levels.17 

Many other enterokines and adipokines exist, some of which 
may also play a part in producing and sustaining weight loss or 
diabetes remission after bariatric surgery.17,18 Understanding the 
mechanisms of action of bariatric surgery will help realise thera-
peutic benefits by pharmacological means.6,7,19 

Nutritional deficiencies

Nutritional deficiency is common after bariatric surgery and the 
risk increases from LAGB through SG and RYGB to BPD with or 
without DS.20,26,31 The problem is heightened by the fact that 
micronutrient deficiencies are already highly prevalent in obese 
patients before surgery.21 After surgery, patients are at particular 
risk of deficiencies in vitamins B1, B12, C, A and D and folic acid, 
as well as iron, calcium and protein.20,26 Lifelong prophylactic 
supplementation is often necessary, and regular monitoring is 
essential.26 Investigation of clinical syndromes resulting from 
malnutrition can be challenging.

Anaemia20,27 

After bariatric surgery, patients are prone to iron deficiency 
because of intestinal bypass, pouch hypoacidity and intolerance 
of red meat. Obesity creates a state of chronic inflammation that 

to changes in body weight. Ghrelin enhances gut motility and 
speeds gastric emptying.17 It promotes lipid accumulation and 
weight gain, favouring glucose utilisation. It also inhibits insulin 
secretion and impairs glucose tolerance.18 Levels of ghrelin 
reported after bariatric surgery have been variable, which may be 
due to differences in surgical techniques and research methods.7,18 
Overall, the trend is for a decrease in ghrelin levels after RYGB 
and an increase after gastric banding.7,17 Sleeve gastrectomy, 
which removes most of the ghrelin-producing stomach, reduces 
levels of ghrelin. 

Peptide YY (PYY)34 is secreted postprandially by L cells in the 
pancreas, small intestine and colon. It suppresses appetite and 
promotes satiety via signalling actions in the brain. It also delays 
gastric emptying (the ileal brake) and enhances insulin sensi-
tivity.7 Secretion of PYY generally corresponds to the energy 
ingested, although it may vary depending on the macronutrient 
content.17 Interestingly, levels also correlate positively with exer-
cise intensity, with resulting decreases in food intake. 

Glucagon-like peptide 1 (GLP-1) is co-secreted postprandially 
with PYY in the distal intestine.17 A powerful incretin, GLP-1 
potentiates glucose-stimulated insulin secretion, enhances �-cell 
growth and survival, inhibits glucagon release and enhances all 
steps of insulin biosynthesis.7,17 It also slows gastric emptying to 
produce greater gastric distension and helps regulate appetite 
and body weight.7,17 Obese individuals have lower levels of PYY 
and GLP-1, and levels are decreased further in patients with 
diabetes.5,17,18 

Two hypotheses exist to explain the hormonal and metabolic 
effects of the RYGB: 

• the hindgut hypothesis
• the foregut exclusion theory.

The hindgut hypothesis postulates that after RYGB and mal-
absorptive procedures, rapid nutrient delivery to the distal gut L 
cells and their increased exposure to incompletely digested 
nutrients lead to an early and exaggerated PYY and GLP-1 
response, contributing to early satiety, reduced meal size and 
early resolution of T2DM.7,17,18 Ileal transposition studies pro-
vide strong evidence for this. Interposition of an ileal segment 
into the proximal gut in rodents produced exaggerated PYY, 
GLP-1 and enteroglucagon responses, reduced food intake, 
weight loss, improved insulin sensitivity and overall improved 
glucose homeostasis.7 

The foregut exclusion theory proposes that exclusion of the 
duodenum and proximal jejunum after RYGB is the mechanism 
that mediates the effects of bariatric surgery.7,18 However, 
duodenal–jejunal bypass experiments in rats supporting this 
theory are compounded by the accompanying pyloric disrup-
tion that results in accelerated gastric emptying and rapid 
nutrient delivery to the hindgut.7 The endoluminal duodenal–
jejunal sleeve also accelerates gastric emptying by abolishing 
duodenal osmoreceptor control of pyloric contraction.7 This 
60 cm-long sleeve prevents nutrient contact with the duodenum 
and proximal jejunum, while biliary and pancreatic secretions 
flow outside the sleeve, delaying digestion.35
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until after the period of maximal weight loss (12–18 months).8 
Extra vigilance in preconception, antenatal and obstetric care is 
required. 

Conclusion

In summary, bariatric surgery is a safe and effective treatment 
for severe obesity and its associated comorbidities. It is particu-
larly effective in the treatment of T2DM. Neurohormonal 
changes that affect appetite, satiety, glucose homeostasis and 
long-term energy balance contribute to its long-term efficacy. 
Two hypotheses exist to explain how hormonal changes pro-
duce these effects, and both may contribute. Patient adherence 
to postsurgical aspects of management is very important. 
Pregnancy after bariatric surgery brings additional considera-
tions. Finally, the indications for bariatric surgery are being 
widened. 
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