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Abstract
Background Roux-en-Y gastric bypass (RYGB) is an
effective treatment for morbid obesity. This bariatric
procedure has also been noted to resolve hyperglycaemia
in up to 70% of obese diabetics. We evaluated outcomes in
diabetic patients undergoing RYGB in our institution,
aiming to identify factors predicting diabetes remission.
Methods One hundred ten type 2 diabetic (T2DM) patients
undergoing RYGB were studied. Baseline demographics,
diabetic status pre- and post-surgery and outcomes were
evaluated. Outcomes were compared to a matched non-
diabetic cohort.
Results The mean age of the patients was 45±11. The majority
(70%; n=77) were female and the mean baseline body mass
index was 47±7. Mean (±SD range) excess weight loss at 6,
12 and 24 months was 58.3±26.4% (30.5−167%), 63.2±
17.2% (0−99.2%) and 84.1±21.3% (16.5−121%), respectively.
Diabetic medication was discontinued in 68.4% patients and
reduced in a further 14.3%. Mean preoperative HbA1c was
7.1±2.0 and mean postoperative HbA1c 5.48±0.2. Patients
with a baseline HbA1c >10 had a 50% rate of remission
compared to 77.3% with an HbA1c of 6.5−7.9. The mean
duration of T2DM preoperatively was 5.5±7 years. A preoper-
ative duration of T2DM greater than 10 years was shown to
significantly reduce the chances of remission (p=0.005).
Conclusions RYGB for morbid obesity achieves significant
weight reduction in diabetic patients with remission of pre-
surgical hyperglycaemia in the majority. The study supports
findings that a shorter duration and better control of

diabetes prior to surgery corresponds to a higher rate of
remission. It supports the argument for early surgical
intervention in the morbidly obese diabetic patient.
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Introduction

Morbid obesity associated with type 2 diabetes mellitus
(T2DM) is a problem because it has achieved epidemic
proportions. According to the International Diabetes
Federation, 80% of people worldwide with T2DM are
obese at the time of diagnosis. In 2009, the prevalence of
obesity in the UK was estimated at 9.9% (4.3 million
individuals) and for diabetes at 5.1% (2.2 million individ-
uals) [1]. The number of people diagnosed with diabetes
increased by more than 145,000 last year [1].

“Metabolic syndrome” is defined by the World Health
Organisation as a clustering of factors including dyslipi-
daemia, glucose intolerance and hypertension together with
central adiposity. Its current prevalence estimate of 16% is
expected to rise further [2, 3].

The cost implication for the linked pathologies of
obesity and T2DM is vast and places a huge burden on
the health care system. In the UK, an estimated 5% of the
National Health Service (NHS) budget is spent on treating
diabetes and its complications: this equates to £3.5 billion
per year [4]. Furthermore, 10% of a hospital's budget is
spent on treating diabetes and its complications [4].
Diabetics spend 1.1 million days per year in hospital for
inpatient care and complications [5] and are spending over
£500 million of their own money on coping with the
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condition, with Social Services costs for people with
diabetes around £230 million [6].

Evidence suggests that T2DM can settle within days of
bariatric surgery as a result of the rearrangement of small bowel
anatomy and change in gastrointestinal hormones, leading to a
change in insulin resistance [7–9]. In 2004, Buchwald's review
of all modalities of bariatric surgery concluded that diabetes
control improved in 86% and underwent remission in 76.8%
[10]. This comprised an 83.7% remission in the roux-en-y
gastric bypass (RYGB) cohort.

In light of these results, bariatric surgery has been
proposed as an attractive option in the obese diabetic
patient in whom metabolic surgery confers the potential
additional benefit of cost-effective treatment of T2DM [11].
The improvements in glycaemic control are independent of
weight loss and appear superior to medical treatment [12].
Indeed, it has been suggested that RYGB should be
considered the standard treatment of T2DM in morbidly
obese patients who are appropriate surgical candidates [12].

We conducted a study to evaluate the rates of T2DM
resolution following RYGB in our institution and made
attempts to identify, where possible, any predictors of
remission with the hope that this may allow the selection of
the optimal diabetic surgical candidate. We also included a
matched non-diabetic cohort to compare other outcomes.

Methods

Patient population Data from 621 patients undergoing
RYGB at our institution from March 2000 to October
2008 were prospectively collected and entered into an
electronic database. Four laparoscopic bariatric surgeons at
a university centre with a comprehensive bariatric
programme performed surgery. All patients met the Na-
tional Institute of Clinical Guidelines (NICE) criteria for
surgery [13].

Outcomes and definitions T2DM was defined as treatment
with diabetic medication preoperatively or having been
diagnosed by the patient's general practitioner. Patients
with ‘diet only’ controlled diabetes were not included.
Outcomes measured were changes in preoperative HbA1c
levels, remission of diabetes (as defined below), body
mass index (BMI) and excess body weight loss. Excess
weight was defined as operative weight minus ideal
weight (based on a BMI of 25 kg/m2). Preoperative
diabetic status and HbA1c was recorded in pre-surgical
assessment clinic held within 4 weeks prior to RYGB.
Postoperative diabetic status and HbA1c was recorded
from the first review clinic after RYGB.

Postoperative remission of diabetes was defined as
‘cessation of hypoglycaemic agents and return to normal

range glycosylated haemoglobin (HbA1c <6.5)’. Improve-
ment was defined as a ‘reduced postoperative HbA1c or a
reduction and/or discontinuation of a single hypoglycaemic
agent in polytherapy management but that was inadequate
to be defined as remission’. Recent guidelines suggest the
term ‘remission’ of T2DM after bariatric surgery is more
appropriate than ‘cure’ or ‘resolution’, as implicit in the
former is the possibility of disease recurrence [14].

Evaluation of predictors for remission Baseline HBA1c
values were subdivided into groups to further evaluate any
influence upon postoperative remission rates. Remission
rates were further evaluated in the context of duration of
diabetes.

Outcomes compared to non-diabetics In order to assess
postoperative weight loss for this cohort, we performed a
case-matched comparison using each consecutive non-
diabetic patient undergoing RYGB surgery in the same
time period. Patients were matched for age, gender and
baseline BMI.

Statistical analysis SPSS v11.5 was used for analysis.
Categorical data were analysed using the Pearson Chi
square test. Paired data were analysed using the Student's T
test for parametric data and Wilcoxon signed ranks for non-
parametric data.

Results

Of the 621 patients, 110 (17.7%) were diagnosed with T2DM,
of whom 70% were female. Preoperatively, 28 patients were
on insulin together with oral hypoglycaemic agents. The
remaining 82 patients were on oral hypoglycaemic therapy
only. Twelve patients were lost to follow-up.

The non-diabetic cohort was matched for median age
and preoperative BMI (Table 1). There was a statistically
higher prevalence of females in the diabetic patients (89%
vs 69%, p=0.001).

There was remission of T2DM in 68.4% (n=67) and
improvement in a further 14.3% (n=14) subjects. Seven
patients had a reduction in insulin and/or oral hypoglycae-
mic agent and seven had a reduction in oral agent alone.
Pre- and postoperative HbA1c was available in 50 (45%) of
the cohort. Mean preoperative (range) HbA1c was 7.1±2
(5.3−13.5) and mean postoperative was 5.48±0.2 (5.2−8.7).
Postoperative HbA1c was measured a mean of 14 months
(range 3−27) following surgery. Diabetic status postopera-
tively was recorded a mean 2.8±1.8 months after RYGB in
the follow up clinic. Medication use pre- and post-surgery
is shown in Table 2.
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The mean (range) percentage excess weight loss (%
EWL) in the diabetic cohort at 6, 12 and 24 months was
58.3 (30.5−167, n=103), 63.2 (0−99.2, n=53) and 84.1
(16.5−148, n=34), respectively. Our results revealed a
tendency towards inferior weight loss in the diabetic cohort
compared to non-diabetics after RYGB; this was not
statistically significant (p>0.05). The study did not evaluate
differences in morbidity between the cohorts.

Preoperative duration (in years) of diabetes was
available in 71 patients, representing 66% of the cohort.
The mean duration (range) of diabetes was 5.5 years
(1−21). As duration of diabetes increased, there was a
trend towards reduced remission rates from 75% to 33%
when duration was grouped in 2-year intervals (Fig. 1).
Pearson Chi-square analysis confirmed that a preoperative
duration of T2DM greater than 10 years conferred a
significant reduction in successful diabetes remission after
RYGB (p=0.005).

Patients with a preoperative HbA1c >8 achieved lower
postoperative normoglycaemia rates compared to those
with a preoperative HbA1c <8, though this was not
statistically significant (Pearson Chi-square p=0.16,
Table 3). One hundred percent of patients with available
HbA1c data achieved a statistically significant drop in
postoperative HbA1c irrespective of their baseline value
(Student's T test, p<0.05; Table 4).

Discussion

T2DM is regarded as a progressive disease with the
pathophysiology being that of impaired tissue sensitivity

to insulin. The course of the disease is traditionally
controlled with life-style changes, dietary measures, oral
hypoglycaemic agents and insulin. Non-surgical and med-
ical therapy has, until now, been the popular method of
achieving glycaemic ‘control’, with even the best treatment
reducing the HbA1c only by 1−2% [15]. Additionally, the
progressive nature of diabetes is epitomised by the failure
of monotherapy to control diabetes after 3 years of the
disease [16].

A strategy for the management of T2DM, even in brittle
diabetes, does not yet include a surgical arm [17]. This is
despite evidence that mortality is reduced with bariatric
surgery in obese diabetic subjects. In addition to demon-
strating a reduction in overall mortality from all bariatric
procedures, the Swedish Obesity Subjects study in diabetic
patients demonstrated that annual mortality could be
reduced by 80% in the cohort treated surgically [18, 19].
This corresponded to 9% mortality in obese diabetics in the
cohort treated surgically compared to 28% in the control
group at 9 years. Adams et al. retrospectively compared
nearly 10,000 RYGB patients to matched controls, noting
diabetes-related mortality was reduced by 92% [20].

Studies have, in addition, demonstrated the positive
economic impact of bariatric surgery as a whole. Previous
studies, in the open surgery era, have suggested a 9-year
period to recoup the costs of bariatric surgery [21]. More
recent studies conclude that, when surgery is performed
laparoscopically, the costs incurred are estimated to be
recouped within 2 years and within 4 years for open surgery
[22]. Ikramuddin et al. demonstrated that, when compared
with medical management, RYGB for obese diabetics has a
cost-effectiveness ratio of $22,000 per quality-adjusted life-

Diabetic cohort Non-diabetic cohort

Mean ± SD Range Mean ± SD Range

Age 45±11 18−69 43±7 19−60
Gender (% female) 89 69

Preoperative BMI 47±7 35−75 46±7 35−69
Weight (kg) 128±21 78−182 127±21 89−178
EBWa 59±21 14−118 64±17 40−120
Duration diabetes pre-op (years) 5.5±7 1−21
Hba1c 7.1±2 5.3−13.5
%EWLb, 12 months 63.2±17 0−99.2 70.6±19 18−117

Table 1 Cohort demographics

EBW excess body weight, EWL
excess weight loss, SD standard
deviation
a EBW is operative weight minus
ideal weight
b %EWL is percent weight lost as
a fraction of EBW

Pre-RYGB Post-RYGB p Valuea

Insulin ± oral hypoglycaemics 26 (26.5) 8 (8.2) 0.000

Oral Hypoglycaemics 72 (73.5) 23 (23.5) 0.000

Off all diabetic medication 0 (0) 67 (68.4) 0.000

Total 98 (100) 98 (100)

Table 2 Hypoglycaemic agent
usage postoperatively

Figures in parentheses are
percentages
aWilcoxon signed ranks test
p<0.05
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year gained [23]. The study has, however, been criticised
for overestimating the cost effectiveness of surgery as it
failed to account for weight regain 2 years after RYGB.

Several factors may explain why historically few
primary care physicians have counselled obese diabetics
on surgical rather than pharmaceutical management of
T2DM. These include poor dissemination of the increasing
evidence of bariatric surgery's benefit, limited understand-
ing of the mechanisms involved and a reluctance to accept a
potential paradigm shift in treatment

The mechanisms behind the rearrangement of small
bowel anatomy stimulating remission of T2DM are
complex. Changes related to the bypass procedure include
altered gut hormone secretion. Gut hormones such as
incretins, ghrelin and glucagon-like peptide-1 have been
implicated in the role of T2DM pathophysiology [24]. It
may be the combination of such hormonal changes
combined with foregut exclusion and increased nutrient
delivery more distally that are responsible for the anti-
diabetic pathophysiology [25].

In our institution's experience, diabetes remission is
achieved in 68.4% of obese subjects undergoing RYGB,
which is similar to reported rates of remission in the literature.

Buchwald's meta-analysis described a mean rate of T2DM
remission after RYGB of 83.7% (95% CI 77.3−90.1%) [10].
Our lower remission rates might be explained by our strict
definition of diabetes; some studies include impaired glucose
tolerance subjects, who in turn may show increased propen-
sity to respond to RYGB.

Our results suggest that a preoperative duration of
diabetes greater than 10 years and poor preoperative
glycaemic control (HbA1c >10) confer inferior remission
rates in obese diabetics. The finding supports the results
reported by other authors [26]. Although our findings
suggest that obese diabetic subjects achieve a weight
reduction comparable to that of non-diabetics, previous
studies have shown inferior weight loss of diabetics
compared to non-diabetics [26, 27].

Predictors of diabetes remission by other authors include
EWL in excess of 31% at 6 months and a shorter duration
of diabetes preoperatively [28, 29]. Torquati et al. found
that patients with a smaller preoperative waist circumfer-
ence and those on oral hypoglycaemics, as opposed to
insulin, were more likely to achieve remission [11]. Whilst
we found that a duration of diabetes greater than 10 years
predicts remission, Schauer et al. concluded that patients
with less than 5 years of the disease, diet controlled T2DM
and the greatest weight loss after surgery were most likely
to achieve complete remission of T2DM after RYGB [26].
The disparity in our results may be due to relatively smaller
numbers, with diabetics representing only 17.7% of all
RYGB performed in this time period. Further experience
will be invaluable in clarifying the pattern of response.

Long-term weight control may be important for durable
diabetes remission. In their 5-year follow-up study of
RYGB outcomes in 177 obese diabetics, Chikunguwo et
al. found that T2DM recurred in 43.1% of subjects, which
was associated with the regaining of lost weight [30]. They
also demonstrated higher rates of remission in the female
population despite better durability in males. Our study also
demonstrated higher rates of remission in females com-
pared to males (74% vs 18%); however, the male group
contained only small numbers (n=11).

Controversy still exists over which bariatric procedure
achieves the greatest rate of remission. Buchwald reported a

Changes in Remission Rates of Type 2 Diabetes 
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Fig. 1 Changes in remission rates of T2DM with duration of disease

Table 3 Percentage patients achieving postoperative normoglycaemia
per preoperative Hba1c subset

Preoperative
Hba1c

n Mean
preoperative
Hba1c

% Achieving Hba1
c <6.5 postoperatively

6.5−7.9 15 7.1 77.3

8.0−9.9 11 9.0 36.4

>10 8 11.1 50.0

Pearson-Chi square p=0.16

Table 4 Mean Hba1c pre and post RYGB per subset

Hba1c per
category

n Mean
preoperative
Hba1c

Mean
postoperative
Hba1c

pa

6.5−7.9 15 7.1 6.1 0.002

8.0−9.9 11 9.0 6.8 0.0

>10 8 11.1 6.7 0.0

a Paired T test
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lower rate with purely restrictive intervention (laparoscop-
ic adjustable gastric band (LAGB)) when compared to the
malabsorptive procedures (RYGB and biliopancreatic
diversion (BPD)) [10]. In contrast, Parikh report an
equivalent rate of remission between LAGB, RYGB and
BPD despite the disparity in %EWL [28]. Parikh and
colleagues described a %EWL at 1 and 2 years after
RYGB of 66% and 68%, respectively. They reported the
proportion of patients at 1 year requiring insulin at 7%,
reduced from 28% preoperatively. Oral hypoglycaemic
requirements at 1 year were 22%, reduced from 87%
preoperatively. Our study complements these findings,
demonstrating 1- and 2-year %EWLs at 63.2% and 84.1%,
respectively. The proportion of patients at 1 year requiring
insulin was 8.2%, reduced from 26.5% preoperatively, and
for oral hypoglycaemics was 23.5%, reduced from 73.5%
preoperatively.

Current NICE guidelines only permit surgery in diabetics
with a BMI exceeding 35. Increasing interest surrounds the
non-obese subject and the concept of ‘metabolic surgery’,
although only a few small studies have examined subjects
with a BMI <35. Shah et al. reviewed RYGB outcomes in 15
diabetics with a BMI between 20 and 34. Although lacking
long-term follow up, these results demonstrated a 100%
remission of T2DMat 9months [31]. The mean postoperative
HbA1c fell from 11±3.5% to 5.9±1.5%, with a mean BMI
change of 2±1.5 kg/m2. However, conflicting data have
emerged from other authors. Lee et al. compared 44 subjects
with a BMI <35 to 114 subjects with a BMI >35. They
concluded that laparoscopic gastric bypass resulted in a
return to normoglycaemia in 89.5% with a BMI <35
compared to 98.5 with a BMI>35 at 12 months postoper-
atively [32].

Studies have demonstrated that the predisposition to
central obesity, despite a relatively low BMI, is core to the
development of high metabolic risk factors [33]. A study
from China has noted that, in a population with a 4.3%
prevalence of obesity, the prevalence of T2DM was more
than double at 9.8% [34]. This suggests that the BMI
definition may have limitations in the context of metabolic
syndrome. In light of such findings, the Asia-Pacific
Bariatric Society has altered its indication for bariatric
surgery to subjects with T2DM and a BMI >32 [35]. Long-
term data in non-obese diabetic subjects are yet to be
published.

Our data confirm that laparoscopic RYGB for morbid
obesity achieves significant weight reduction in the diabetic
population with the additional benefit of achieving normo-
glycaemia in a substantial proportion. This study suggests
that a shorter duration and better control of diabetes prior to
surgery may predict a better rate of disease remission. It
supports the argument for early surgical intervention in the
morbidly obese diabetic patient.
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