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The effect of bariatric surgery on obesity
and its complications
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Diabetes Management

Practice points

e Thereis a worldwide increase in obesity and Type 2 diabetes mellitus (T2DM).

e Obesity is associated with increased mortality and morbidity.
with an improvement in mortality.

bariatric surgery.

particular on neuropathy.

e Bariatric Surgery is a cost-effective treatment for obesity and Type 2 diabetes, which in the long-term is associated
e NICE guidelines recommend that all patients with a BMI of 35 or over who have recent-onset T2DM be assessed for

e The outcome on weight of the different surgical procedures affects the remission rates of T2DM.

e  Microvascular outcomes show promising results postbariatric surgery, however, these need to be further evaluated

e Careful patient selection is important to achieve the best outcomes post bariatric surgery.

Obesity has become a worldwide epidemic that is accompanied by a rise in Type 2 diabetes
mellitus. Management of obesity is paramount to prevent the associated mortality and
morbidity. Several randomized control trials show that bariatric surgery is an effective method
for the treatment of obesity and remission of Type 2 diabetes in the short term. Long-term
observational studies have further validated the improvements in weight and Type 2
diabetes as well as cardiovascular events and overall mortality. There is an improvement in
microvascular outcomes, in particular retinopathy and nephropathy show promising results
but further studies are needed to evaluate hard-end points for neuropathy. Bariatric surgery
is cost effective with the cost of surgery being offset by future cost benefits.

There is a worldwide rapid increase in obesity prevalence such that it may be described as an epi-
demic. Obesity has more than doubled since 1980 such that in 2014 more than 1.9 billion adults
were overweight and over 600 million were obese [1]. In 2013, 42 million children under the age
of 5 years were overweight or obese [1]. The adverse consequences of this are emphasized when one
considers that BMI is a powerful predictor of Type 2 diabetes mellitus (T2DM), cardiovascular (CV)
morbidity and mortality [2.3]. There are currently 382 million people in the world with diabetes and
this is estimated to reach 592 million by 2035 [4]. Indeed despite the emphasis on malnutrition in
the developing world, overweight and obesity are linked to more deaths than being underweight.
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Overweight or obesity is the single most
important predictor of T2DM [s]. The relative
risk of diabetes increased approximately 40-fold
as BMI increased from less than 23 kg/m? to
more than 35 kg/m? [5]. NICE guidelines recom-
mend that all patients with a BMI of 35 or over
who have recent onset T2DM be assessed for
bariatric surgery [6]. Of course the BMI may be
lower in poorly controlled patients, those with
comorbidities or those of Asian origin [6].

Definition

Obesity and overweight are defined as abnormal
or excessive fat accumulation that may impair
health (1. The WHO definition of overweight
is a BMI > 25 and for obesity it is >30 kg/m?.
The National Institute of Health defines mor-
bid obesity as a BMI of 40 kg/m? or more or
a BMI of 35 kg/m? or more in the presence of
obesity-related comorbidities (7.

Medical complications

There is a strong relationship between obesity
and T2DM, hence the rise in obesity corresponds
to arise in T2DM (8]. The Nurses Health Study
reported an age-adjusted relative risk of 40 for
diabetes in women with a BMI >31 kg/m?* com-
pared with women with a BMI <22 kg/m? [s].
Obesity is associated with cardiovascular risk
factors with a BMI at age 18 and in midlife
being positively associated with the occurrence
of hypertension. The Swedish Obesity Study
(SOS) found the baseline prevalence of hyper-
tension in obese subjects to be 44-51% [9], and
similarly the LABS-2 study reported that 68%
of obese subjects had hypertension [10] and 63%
had dyslipidemia. A meta-analysis reported that
weight loss of 1 kg was associated with a decrease
in serum total cholesterol of 0.05 mmol/l, LDL
cholesterol of 0.02 mmol/l and an increase in
HDL of 0.009 mmol/l [11].

Further risks associated with obesity include
heart failure, atrial fibrillation and cerebrovas-
cular disease [8]. Other medical complications
include gastro-oesophageal reflux, cholelithi-
asis, nonalcoholic fatty liver disease (8] and
obstructive sleep apnea [12].

Types of surgery

Bariatric procedures can be divided into malab-
sorptive or restrictive. Malabsorptive interven-
tions include Roux-en-Y gastric bypass (RYGB),
which involves the creation of a gastric pouch
and an intestinal bypass, which is undertaken
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laproscopically (Figure 14). Biliopancreatic diver-
sion (BPD) involves a partial gastrectomy fol-
lowed by reconstruction of the small intestine
to divert the bile and pancreatic juices to meet
the food closer to the middle or distal small
intestine. Restrictive procedures include lapa-
roscopic adjustable gastric banding (LAGB),
which involves placing a constricting ring just
below the junction of the stomach and esopha-
gus and an inflatable balloon in the lining can
be adjusted to regulate food intake (Figure 10).
More recently vertical sleeve gastrectomy (SG)
has been introduced which involves a 70% verti-
cal gastric resection creating a narrow canal but
without intestinal bypass (Figure 1B).

Bariatric surgery effect on Type 2 diabetes
The effect of bariatric surgery has been assessed
in randomized control studies (RCTs) to deter-
mine the effect on weight loss, Type 2 diabe-
tes, as well as other comorbidities. Schauer
et al. conducted a randomized, nonblinded,
single-center trial of 150 patients comparing
the effect of intensive medical therapy ver-
sus bariatric surgery on glycemic control in
the STAMPEDE [14]. The average starting
HbAlc was 9.2 + 1.5% and the primary end
point was the proportion of patients with an
HbA1c of 6.0% or less after 12 months of treat-
ment. Twelve percent of patients in the medical
therapy group reached the primary end point
compared with 42% in the gastric bypass group
(p < 0.002) and 37% in the sleeve-gastrectomy
group (p = 0.003). It was noted that weight loss
was greater in the bariatric surgery groups com-
pared with those on medical therapy and those
on medical therapy needed significantly more
oral therapies to control blood pressure, lipids
and glycemia compared with the bariatric sur-
gery group. All the patients in the gastric bypass
group achieved the target HbAlc without any
medications, whereas 28% of patients in the SG
group required one or more glucose-lowering
medications. Ikramuddin et /. showed remis-
sion rates of 49% in a cohort undergoing RYGB
and 19% in the control group at 12 months.
The remission rates were less than in the
STAMPEDE trial, but the end point used by
Ikramuddin was more comprehensive with a
composite goal of HbAlc less than 7.0%, low-
density lipoprotein cholesterol less than 100
mg/dl and systolic blood pressure less than
130 mm Hg [15]. More recently Courcoulas ez a/.
noted significantly greater partial and complete
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Figure 1. Types of bariatric surgery. Depicting (A) a gastric bypass, (B) a gastric sleeve and (C) a gastric band.
Adapted with permission from [13] © Cine-Med Publishing, Inc. (2010).

remission of diabetes in RYBG and LABG sub-
jects at 12 months [16,17]. Halperin e al. found
that 58% of RYGB patients achieved the primary
outcome of fasting plasma glucose levels less than
126 mg/dl and HbA1lc less than 6.5% [17]. This
high rate may be attributed to the HbAlc and
fasting plasma glucose criteria that were used to
define the primary outcome indeed this is only
equivalent to the definition of partial remis-
sion by the American Diabetes Association [18].
Because these RCTs used different primary out-
come measures the rates of patients achieving
these outcomes varied considerably across stud-
ies. The American Diabetes Association defines
partial remission as a HbAlc <6.5% and a fasting
glucose of 100-125 mg/dl with complete remis-
sion based on a HbAlc in the normal range and a
fasting glucose <100 mg/dl, on no medication for
at least a year [18]. Two longer RCTs have found
that the bariatric surgery groups had signifi-
cantly higher rates of Type 2 diabetes remission
in 2 years (Table 1) 19.20]. A systematic review of
621 studies that included 135,326 patients has
shown that 78.1% of diabetic patients had com-
plete remission (off diabetes medications with a
normal fasting glucose (<100 mg/dl) or HbAlc
(<6%) [21]. Of course an acknowledged limitation
of the RCTs is the difficulty in avoiding bias as
patients are recruited from surgical outpatients
where there may be a bias toward the surgi-
cal treatment. In fact some of the studies have
compared bariatric surgery to intensive lifestyle

intervention; however, the intensity of the latter
may be questionable, as some studies have only
employed usual care in the control groups.
Although there are a large number of RCTs to
date, the duration of follow-up does not extend
beyond 2 years with relatively small numbers of
subjects being included. A recent meta-analysis
has shown that there are short-term weight loss
benefits and better intermediate glucose out-
comes in patients undergoing bariatric surgery;
however, there is insufficient evidence on long-
term outcomes and complications of surgery [22].
To appreciate the longer term outcomes of bari-
atric surgery we must look to non-RCT’s with
only a few large studies assessing outcomes of
bariatric surgery. The Swedish Obesity Study
(SOS) is one of the largest prospective controlled
intervention studies to date which involved 4047
obese subjects and commenced in 1987 [23]. A
total of 2010 subjects underwent a bariatric
intervention; vertical band gastroplasty (68%),
gastric banding (19%) and RYGB (13%). The
remaining 2037 made up a usual care control
cohort. The primary outcome of this study
was mortality with secondary outcomes look-
ing at remission from Type 2 diabetes, weight
loss, cardiovascular outcomes and cancer. The
maximal weight loss that was achieved in the
surgical groups occurred at 1-2 years; gastric
bypass 32%, vertical band gastroplasty 25% and
banding 20%. This then stabilized by 10 years
with maximal weight loss from baseline being
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Table 1. Randomized controlled trials evaluating bariatric surgery verses usual care.

Number of Type of surgery Length of Main outcome Results Ref.
patients study (months)
150 RYGB, SG 12 HbATc <6% (with or without 12% of patients achieved the primary outcome  [14]
medication) in the control group, compared with 42% in
the RYGB group (p < 0.002) and 37% in the SG
group (p =0.003)
60 LAGB 24 HbA1c <6.2% and fasting plasma Primary outcomes was achieved in 22(73%) [20]
glucose <126 mg/dl (7.0 mmol/l) in the SG group compared with 4(13%) in the
with no medication control group
60 RYGB, BPD 24 Fasting glucose level of Primary outcome was achieved in no patients [19]
<100 mg/dl (5.6 mmol/l) and a in the control arm compared with 75% in the
glycated hemoglobin level of <6.5% RYGB group (p < 0.001) and 95% in the BPD arm
in the absence of pharmacologic (p <0.001)
therapy
120 RYGB 12 Composite goal of HbA1c less Primary outcome was achieved in 28 (49%) in [15]
than 7.0%, low-density lipoprotein  the RYGB group compared with 11 (19%) in the
cholesterol less than 100 mg/dland  control group (odds ratio: 4.8; 95% Cl: 1.9-11.7)
systolic blood pressure less than
130 mm Hg
69 RYGB, LAGB 12 Partial remission HbAlc <6.5%, Partial and complete remission of T2DM [16]
fasting glucose 5.6-6.9 mmol/I for at occurred in 50 and 17%, respectively, in the
least one year with no medication.  RYGB group and 27 and 23%, respectively,
Complete remission HbAlcin normal in the LAGB group (p < 0.001 and p = 0.047
range, fasting glucose <5.6 mmol/l  between groups for partial and complete
for at least 1 year with no medication remission), with no remission in the control
group
38 RYGB 12 Fasting plasma glucose levels less Primary outcome was achieved in 58% of RYGB  [17]
than 126 mg/dl and HbA1lc less than  patients compared with 16% in the control
6.5% group (p =0.03)
BPD: Biliopancreatic diversion; LAGB: Longitudinal Assessment of Bariatric Surgery; RYGB: Roux-en-Y gastric bypass; SG: Sleeve gastrectomy.
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reduced to 25, 16 and 14% respectively, indicat-
ing that weight gain had occurred, particularly
in the gastric banding group. Overall at 20 years
the weight loss in the surgery group was 18%,
which was significantly greater than -1% in the
control group. A major drawback of this study is
that the majority of patients underwent vertical
band gastroplasty, which is now obsolete.

Patients who underwent bariatric surgery
showed a reduction in mortality after a mean
follow-up of 10.9 years with 129 deaths in the
control group versus 101 in the surgery group
(hazard ratio 0.76, p = 0.04 compare to con-
trols) [24]. When adjusted for sex, age and other
risk factors the hazard ratio was 0.71 (p = 0.01).
The most common causes of death were myo-
cardial infarction and cancer. The SOS also
found that bariatric surgery was associated with
a decrease in cardiovascular deaths and a lower
incidence of cardiovascular events when com-
pared with usual care [25], and it was also asso-
ciated with reduced cancer incidence in women
but not men [26].
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In the first 6 years post surgery those sub-
jects undergoing bariatric surgery required
more inpatient and nonprimary care outpatient
appointments compared with controls with
inpatient stays being 1.7 and 1.2 days, respec-
tively [27]. Subsequently, from 7 to 20 years both
groups had on average stay of 1.8 hospital days.
The drug costs in this time period were lower
in the surgery than control patients.

There was a major improvement in obesity-
related comorbidities and in particular the sub-
jects with T2DM had a 72% remission at 2
years (OR for remission 8.4; ; p < 0.001) with
a reduction in this number to 36% at 10 years
(OR 3.5; < 0.001). In a subgroup analysis of
the SOS, of the 505 subjects at baseline who
had Type 2 DM; 345 underwent bariatric sur-
gery and 262 standard care [28]. After a mean
follow-up of 13.5 years there was a significant
reduction in the incidence of myocardial infarc-
tion but no effect on stroke incidence in the
bariatric group. Furthermore, the reduction in
the incidence of MI was greater in those with
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higher serum total cholesterol and triglycerides
at baseline.

Interestingly in the cohort without T2DM,
bariatric surgery reduced the incidence for the
development of T2DM with 6.8 cases/1000
developing T2DM in the surgery group com-
pared with 25.4/1000 in the usual care group [29].
It is important to note that in the participants in
the ‘usual care’ group there was a range of inter-
vention from advanced lifestyle modification to
46% receiving no professional guidance. The
lack of standardized treatment measures in the
control group may account for the high incidence
of T2DM, as appropriate lifestyle intervention is
paramount in this group. With no intervention
it is inevitable that a proportion of the group will
go on to develop T2DM. It is important to note
that the criteria used to define impaired fasting
glycemia was >90 mg/dl, which is not in accord-
ance with the definition of prediabetes. Indeed
Caballero ¢t al. have shown an improvement
in glycemia in subjects with prediabetes and
patients with T2DM undergoing laparoscopic
gastric bypass [30]. However, current guidelines
do not recommend bariatric surgery to prevent
T2DM. A long-term observational study from
Utah compared mortality outcomes from 7295
obese subjects undergoing RYGB compared
with 7295 matched controls [31]. After a mean
duration of 7.1 years they reported a 40% reduc-
tion in all-cause mortality and a 92% reduction
in mortality related to diabetes, 56% for deaths
from cardiovascular disease and 60% in cancer
related deaths. The same group in Utah have
reported a prospective study of 418 subjects who
underwent gastric bypass compared with two
control groups; one that had patients seeking
to have bariatric surgery but did not have this
done (n = 417), and the other that comprised
randomly selected obese subjects not seeking any
weight loss treatment (n = 321) [32]. In the gastric
bypass group there was a significant reduction in
weight, diabetes remission, incidence of diabetes
and cardiovascular outcomes over 6 years.

The LABS is a multicenter observational study
over 3 years [10]. Of 2458 participants under-
going bariatric procedures; 1738 had RYGB, 610
LAGB and 110 other procedures. The major-
ity of weight loss occurred at 1 year and after
3 years those with RYGB had lost 31.5% and
LAGB had lost 15.9% of their baseline weight.
Of the 774 participants with T2DM at baseline,
216 RYGB participants (67.5%) and 28 LAGB
participants (28.6%) had partial remission of
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diabetes at 3 years with the incidence of diabetes
being 0.9% after RYGB and 3.2% after LAGB.
In the RYGB participants, dyslipidemia resolved
in 61.9% and hypertension resolved in 38.2%,
while in the LAGB participants dyslipidemia
resolved in 27.1% and hypertension resolved in
17.4%.

The hypertension remission rates in the
RYGB group were 38.2% in LABS-2, which was
similar to the SOS remission rates of all surgery
participants of 34 and 19% at 2 and 10 years
follow-up, respectively. The Utah Obesity Study
reported hypertension remission of 53 and 42%
at 2 and 6 years’ follow-up. LABS-2 reported
remission of dyslipidemia in 61.9% for RYGB
with remission of hyperlipidemia in 59.7% and
hypertriglyceridemia in 85.8% at 3 years. The
Utah Obesity study has shown similar rates of
remission of hyperlipidemia of 57 and 53% at 2
and 10 years, respectively.

All obese people do not develop Type 2 dia-
betes and in fact 10% of T2DM participants
are thin [33,34). Postbariatric surgery weight loss
takes time and therefore does not explain the
remission of T2DM, which occurs immedi-
ately after surgery. This suggests an alternative
mechanism and an important role for gut hor-
mones has been suggested in the remission of
Type 2 diabetes. The gut hypothesis suggests
that various gut peptides such as ghrelin, GLP-1,
neuropeptide YY or a decreased secretion of anti-
incretin hormones (3536] may improve insulin
sensitivity and first-phase insulin secretion.
There may also be gut adaptation and a rise in
the level of gut hormones promoting satiety [37].
These differences may explain why different
bariatric procedures have varying outcomes on
the remission of T2DM. One study compared
four procedures in 81 patients with T2DM —
LAGB, intervention type Mason (MA), gastric
bypass (RYGB) and SG [38], and showed that
while weight loss was similar amongst all types
of bypass surgery the remission rates of T2DM
differed, with RYGB resulting in the best remis-
sion rates. This has also been demonstrated in
animal models by Rubio ¢t a/. who found that
bypass of the duodenum and upper jejunum in
lean diabetic rats could render them euglycemic
with no change in weight [39].

Effects on microvascular complications

One of the largest retrospective population based
surveys of 2580 participants undergoing bari-
atric surgery and 13,371 obese control subjects
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without operative intervention has reported that
surgery is associated with a significant decrease
in microvascular events (adjusted HR 0.22 95%
CI: 10.09-0.49) and a 65% reduction in major
macro- and micro-vascular events [40]. However,
the microvascular outcomes assessed were blind-
ness in at least one eye, laser or retinal surgery,
nontraumatic amputation or creation of a fis-
tula for dialysis. These represent the end stage
microvascular complications and while they
are highly clinically relevant, they are no doubt
underestimating the progression or improve-
ment in microvascular complications. A fur-
ther retrospective review of obese participants
with T2DM who underwent bariatric surgery
identified that in 67 subjects with complete ret-
inal images preoperatively and 12-18 months
postoperatively there was an improvement in 5
(7.5%), deterioration in 1 (1.5%) and no change
in 61 (91%). Furthermore, 28 subjects who had
preoperative retinopathy showed that 5 (17.8%)
had an improvement, 1 (3.6%) deteriorated and
there was no change in 22 (78.6%) subjects [41].
The subset of patients undergoing RYGB with
preoperative albuminuria (n = 32) demonstrated
a 3.5-fold decrease in postoperative albumin cre-
atinine ratio. Banks ¢# a/. in a case—control study
of 45 participants showed that retinopathy pro-
gression was paradoxically reduced in the control
group (p = 0.03) but not in the group undergo-
ing RYGB [42]. However, given that there was a
significant trend in favor of surgery in a rapid
improvement in glycemic control, this may well
reflect an element of the worsening in retinopa-
thy associated with a rapid improvement in gly-
cemic control. A recent systematic review and
meta-analysis highlighted four nonrandomized
case series. Of 148 participants, those with pre-
existing diabetic retinopathy showed no change
in 57.4 £ 18.5%, progression in 23.5 + 18.7%
and an improvement in 19.2 + 12.9% [43]. In
those subjects who did not have preoperative
DR, 92.5 + 7.4% remained disease free at follow-
up and 7.5 £ 7.4% developed DR. These data are
supported by a further smaller study looking at
retinopathy [44].

The Swedish Obesity Study found that the
cumulative incidence of microvascular compli-
cations was 41.8 per 1000 person years in the
control group (OR: 6.3; 95% CI: 12.2-15.9)
compared with 20.6 per 1000 person years in the
bariatric surgery group (95% CI: 17-24.9) [4s].
The end points that were used were any micro or
macrovascular complication requiring hospital
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or specialist outpatient treatment or that were
associated with death during follow-up identified
through the Swedish Cause of Death Register
and the Swedish National Patient Register.

The SOS found that albuminuria devel-
oped in 246 control subjects and in only 126
of the bariatric group (HR: 0.37; 95% CI:
0.30-0.047) [4¢]. Brethauer et a/. conducted
a retrospective review of subjects undergo-
ing bariatric surgery (RYGB n = 162, LAGB
n =32, VSG n = 23) and reported that diabetic
nephropathy regressed in 53% of participants
and remained stable in the rest (47%) [47].
Heneghan et al. reported in 52 participants over
a longer follow-up period of 5 years and showed
that 37.6% of participants had nephropathy at
baseline which resolved in 58.3% of these sub-
jects [48] and the incidence of microalbuminuria
was 25%. A further study of 4 years duration in
a small group of 25 patients showed that serum
creatinine decreased by 16.2 + 19.6 mmol and
eGFR improved by 10.6 + 15.5 [49]. Hou ez al.
studied changes in eGFR in 61 patients [50] who
were divided into four groups; hyperfiltration
(n = 61) eGFR 146.4 + 17.1 ml/min/1.73 m?,
normal eGFR (n = 127) 105.7 + 17.1, CKD stage
2,n =39 (76.8 + 16.7) and CKD stage 3,n =6
(49.5 + 6.6). There was a reduction in eGFR in
the hyperfiltration group and an increase in all
other groups, consistent with improvement. The
data show that overall there are improvements
in nephropathy however again these are small
studies.

There are fewer studies assessing neuropathy.
Schauer ez al. described the presence of diabetic
neuropathy in 47 patients preoperatively (25%),
and symptomatic improvement was reported
in 50% of patients after surgery: 33% much
improved, 17% improved, 39% no change, 7%
worse and 4% unknown [s51]. It is unclear as to
how neuropathy was defined in these subjects
and the reported improvement was through a
questionnaire which assessed improvement of
chronic diabetes-related complications. To date
we lack studies that assess objective markers of
neuropathy. Muller-Stich et a/. have reported in
a small group of 12 patients with preoperative
peripheral neuropathy that symptomatic neu-
ropathy reversed in 67% of patients [52]. There
was an improvement in the neuropathy symptom
score (NSS) from a median of 8 (range, 0-10) to
0 (range, 0-9) postoperatively (p = 0.004), with
eight patients scoring an NSS of 0. Preoperatively
the median neuropathy disability score was 6
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(range, 2—8), which improved to 4 (range 0-8),
postoperatively (p = 0.027). Conversely, individ-
ual case reports have identified the development
of rare forms of neuropathy such as acute motor
axonal neuropathy post bariatric surgery [s3].
There is also some focus on nutritional defi-
ciencies that arise post surgery that may lead to
neuropathy secondary to vitamin B12 and thia-
mine deficiency as well as vitamin D deficiency
leading to osteomalacia [54-57]. Indeed post bari-
atric surgery neuropathic pain has an incidence
of 33% and can greatly affect quality of life. It
is important that any nutritional deficiencies,
lipid abnormalities and poor glycemic control
or indeed neuropathy related to a rapid improve-
ment in glycemic control, so called ‘insulin neu-
ritis” are identified early so the patient can be
managed effectively [s].

The studies, although small suggest good evi-
dence for improvement of microvascular com-
plications postbariatric surgery. The benefits on
albuminuria and nephropathy are particularly
encouraging, as all studies have shown a positive
effect even at 4-5 years duration. It is harder to
interpret the evidence from retinopathy studies
as overall it seems that early retinopathy remains
stable and can improve, but it may progress in
those with advanced retinopathy and therefore
one needs to consider the adverse outcomes
related to a rapid improvement in glycemic
control.

Mortality & complications of bariatric
surgery

In the SOS Sjostrom ez al. reported that 0.25%
of patients who underwent surgery died post-
operatively and of the 343 patients with Type 2
diabetes, 0.58% died postoperatively. Thirteen
percent had postoperative complications and in
2.2% of these patients the postsurgical compli-
cations were serious enough to warrant re-opera-
tion [45]. Chang ez a/. undertook a meta-analysis
that reported relatively low rates of operative
mortality [59]. RCTs report perioperative mortal-
ity rates of 0.08% (95% CI: 0.01-0.24%), and a
postoperative mortality rate of 0.31% (95% CI:
0.01-0.75%). Observational studies have
reported higher perioperative and postoperative
mortality rates, 0.22% (95% CI: 0.14-0.31%)
and 0.35% (95% CI: 0.20—0.52%), respectively,
with different rates reported for the various pro-
cedures. Adjustable gastric band was found to
have the lowest perioperative and postoperative
mortality rates (0.07% [95% CI: 0.02-0.12%]
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and 0.21% [95% CI: 0.08—0.37%]), then SG
(0.29% [95% CI: 0.11-0.63%] and 0.34%
[95% CI: 0.14-0.60%]) with the highest rate
in those undergoing gastric bypass (0.38%
[95% CI: 0.22—-0.59%] and 0.72% [95% CI:
0.28-1.30%]). Zigmond et al. reported mortal-
ity rates of 0.33% at 30 days and 0.91% at 1 year
in 60,077 patients who underwent RYGB [60].

The risks associated with bariatric surgery
depend on the type of procedure performed.
Laparoscopic RYGB complications/risks include
bleeding (0.4-4%), anastomotic leak (0-4.4%)
which is a serious complication that confers a
mortality rate up to 30%), wound infection
(2.9%), deep vein thrombosis (0-1.3%), pulmo-
nary embolism (0-1.1%, anastomotic strictures
(2-16%), marginal ulcers (0.7-5.1%) and bowel
obstruction (3%) [61,62].

There is also a 7% risk of conversion to the
open RYGB which itself confers more risks
such as greater postoperative pain, higher rates
of iatrogenic splenectomy and abdominal wall
complications such as incisional hernias. At 1
year postbariatric surgery it has been found that
38-52% of patients have developed cholelithiasis
and within 3 years 15-28% of all patients require
an urgent cholecystectomy (63,64]. Nutritional
deficiencies may occur in the longer term after
surgery with iron deficiency occurring in 13 to
52% of patients within 2 to 5 years post surgery
emphasizing the need to monitor and replace
postsurgery needs in the long term. For LAGB
the complications include bleeding (0.1%),
iatrogenic bowel perforation (0.5%), wound
infection (0.1-8.1%), deep vein thrombosis
(0.01-0.15%) and pulmonary embolism (0.1%).
There are also band-related complications such
as tube or port malfunction requiring re-opera-
tion (1.7%), band erosion into the gastric lumen
(0.6%) and pouch dilatation or band slippage
(5.6%). O’Brien et al. have reported that post
LAGSB there is a lower rate of early major com-
plications (1.5%), but higher incidence of late
complications [65,66].

Cost—effectiveness of bariatric surgery

A review of cost—effectiveness studies identified
six studies using three different models to pre-
dict the cost—effectiveness of bariatric surgery.
These included statistical models, a Markov
model and assumption-based models which all
showed surgery to be a cost-effective method
for the treatment of obesity [67]. Furthermore
Henteleff ez a/. found gastric bypass and gastric
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banding are cost-effective methods of reducing
mortality and diabetes-related complications in
severely obese adults with diabetes [68]. More
recently Borisenko ez al. reported a saving of
€8408 Euros with surgery, generating an addi-
tional 0.8 years of life and 4.1 QALYs per patient,
which equates to 32,390 QALYs and savings of
66 million Euros for their cohort in 1 year [69].
Hoeger et al. undertook a cost—effectiveness
analysis in obese patients with Type 2 diabetes
undergoing bariatric surgery (70], and showed
that it reduced mortality and diabetes-related
complication but there was no apparent cost
saving. In those patients with newly diagnosed
Type 2 diabetes they reported that gastric bypass
led to 1.72 life years gained, 2.21 QALYs gained
and a cost—effectiveness ratio of $7000/QALY.
Gastric banding led to 1.14 life-years gained,
1.57 QALYs gained with a cost—effectiveness
ratio of $11,000/QALY. In those with estab-
lished Type 2 diabetes, there were even fewer
life years gained with gastric bypass leading to
1.09 life-years gained, 1.70 QALYs gained and
a cost—effectiveness ratio of $12,000/QALY.
Gastric banding led to 0.94 life-years gained,
1.34 QALYs gained and a cost—effectiveness
ratio of $13,000/QALY. Bleich e /. examined
healthcare utilization and costs in 7806 indi-
viduals with Type 2 diabetes over 6 years after
bariatric surgery (71], and reported no reduc-
tion in healthcare costs compared with before
surgery. The ratio of hospital costs post surgery
compared with presurgery was higher in years
2 to 6 after surgery and increased over time
(1 year: OR: 0.58 [95% CI: 0.50—0.67]; 6 years:
OR: 3.34 [95% CI: 2.60—4.53]). The adjusted
ratio of inpatient days was higher after surgery
(1 year: OR: 1.05 [95% CI: 0.94-1.16]; 6 years:
OR:2.77 [95% CI: 1.57-4.90]). However, there
were fewer primary care visits after surgery
(1 year: OR: 0.80 [95% CI: 0.78-0.82]; 6 years:
OR: 0.66 [95% CI: 0.57-0.76]).
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Conclusion

Bariatric surgery is an effective means of achiev-
ing weight loss and improving the management
of Type 2 diabetes with an overall low-compli-
cation rate. The cost of surgery can be offset by
the decreased cost of future complications and
indeed improved quality of life. Although stud-
ies assessing retinopathy and nephropathy out-
comes are encouraging, studies in neuropathy are
limited and lack clear end points. Therefore, we
advocate larger studies assessing the benefits on
the microvascular complications, particularly in
neuropathy where small fibers should be assessed
by deploying the noninvasive ophthalmic
technique of corneal confocal microscopy [72].

Future perspective

Obesity and T2DM are continuing to increase
with people developing these at a younger age.
The number of bariatric surgical procedures will
rise over the next 5-10 years as the population
becomes more obese and access to these ser-
vices becomes more accessible. Whether or not
bariatric surgery is the answer to the problem is
still debated and bariatric surgery should not be
thought of as a cure for obesity-related morbidi-
ties. Given the relatively modest improvements
in long-term outcomes following lifestyle inter-
vention, bariatric surgery is increasingly becom-
ing more appealing. However, justifying this
procedure, especially on the NHS requires more
robust studies with clearly defined outcomes.
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