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Abstract It is well established that weight loss in general
and bariatric surgery in particular can improve glycaemic
control in diabetics. Current NICE guidelines recommend
that those patients with type 2 diabetes mellitus and a BMI
of 35 kg/m* or more should be considered for bariatric
surgery in order to optimise their glycaemic control and
minimise their risk of long-term complications. The com-
monest bariatric procedure in the UK is the Roux-en-Y
gastric bypass that has been shown to result in long-
standing type 2 diabetes resolution in 83 % of patients.
Since such surgery carries a small but significant risk of
mortality, as well as posing considerable lifestyle impli-
cations for the patient, numerous studies have been per-
formed with a view to identifying which patients and which
procedures are most likely to result in these desired bene-
fits. This paper summarises the existing literature on this
topic.
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Introduction

One of the main benefits of bariatric surgery is that it has
been shown to reduce the severity of type 2 diabetes
mellitus (DM), in some cases inducing remission lasting
several years [1-3]. Indeed, the non-medical media has
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often touted bariatric surgery as a “cure” for diabetes
although specialist medical opinion has tended to shy away
from using this term [4]. The mechanisms by which such
procedures result in prolonged improvement in glycaemic
control have been the subject of a great deal of study with
weight loss, reduced oral intake, altered hormonal secretion
and changes to the gastrointestinal tract microflora all
having been proposed as playing a part in this phenomenon
[5-11]. Given the serious nature of the complications of
DM on the cardiovascular and renal systems, the level of
interest in the effects of bariatric surgery on such pathol-
ogies is perhaps unsurprising [3, 12—15].

A consensus statement released in 2009 by a panel of
expert endocrinologists defined remission of type 1 and
type 2 DM as glycaemia below the diabetic range in the
absence of pharmacological or surgical therapy [4]. Partial
remission was defined as sub-diabetic hyperglycaemia
(HbAlc <6.5 %, fasting glucose 5.6—-6.9 mmol/l (or >99
and <126 mg/dl)) of at least 1 year’s duration, and com-
plete remission was defined as a full return to normal
measures of glucose metabolism (normal HbAlc, fasting
glucose <5.6 mmol/l) for the same duration [4]. Prolonged
remission was considered to be complete remission lasting
5 or more years [4].

Bariatric surgery in diabetics

Presently, 366 million people worldwide are thought to be
affected by DM [16]. A large proportion of these people are
also obese and therefore eligible for potential remission
inducing bariatric surgery. A meta-analysis by Buchwald
et al. [1] looking at bariatric surgery as a whole showed
complete remission of type 2 DM at 2-year follow-up in
78.1 % of patients and improvement in a further 8.5 %
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with excess bodyweight loss (eBWL) and DM remission
rates being greatest in the duodenal switch patients, then in
the Roux-en-Y gastric bypass (RYGBP) patients and worst
in those undergoing gastric banding. Similar results were
reported in a systematic review by Meijer et al. [3] which
showed DM remission in 83 % of RYGBP patients and 62 %
of gastric band patients at 2—14-year follow-up. Although
most of the literature on this topic has focused on results over
the first few postoperative years, those few studies with
longer follow-up periods have shown that the phenomenon
of DM remission persists—for example, Pories et al. [17]
reported a case series in which 82.9 % of previously diabetic
patients who had undergone RYGBP had normal glucose
homoeostasis parameters at 10-14 years [2, 17-18]. It
should be noted, however, that all of these papers refer to the
data either published or collected prior to the publication of
the revised criteria for DM remission described above. The
reason why this may be significant is that Pournaras et al.
[19] presented data in 2011 in which patients showed only a
34 9% complete DM remission rate at 1 year according to the
new criteria (41 % for RYGBP, 26 % for sleeve gastrectomy
and 7 % for gastric banding) suggesting that a revision of the
expectations post-bariatric surgery may be necessary for
patients and clinicians alike.

Given the impressive results in the obese population
with DM, it is perhaps unsurprising that recently attention
has been paid to determining whether or not other groups
of diabetics would experience similar benefits. To date, the
only study to investigate the effects of RYGBP on obese
patients with type 1 DM reported that 4 of the 5 patients
with the condition (out of 2,170 in the series) experienced a
reduction in insulin requirements at 3—76 months follow-
up (mean 29 months) [20]. Their mean eBWL was 58.9 %
(range 47.1-82 %) [20]. Clearly, however, the numbers
involved in this study make it difficult to draw any firm
conclusions. In stark contrast, however, there is increasing
evidence to suggest that patients with type 2 DM with body
mass indexes (BMIs) below the current cut-off point for
bariatric surgery as defined by NICE guidelines may ben-
efit more than initially thought [21, 22]. A review of the
literature published by Reis et al. [23] found that
improvements in glycaemic control in the BMI <35 group
were seen with a range of different bariatric techniques.

Predictors of remission

Short term

In comparison with studies looking primarily at eBWL,
there is a relative paucity of studies attempting to identify

predictive factors for the remission of DM. The best
attempt to establish a predictive model for this issue was
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published by Hayes et al. in 2011 [24]. Hayes et al. [24]
used 13 preoperative parameters and a variety of statistical
and data mining techniques to create 6 different mathe-
matical models [24]. These models were able to correctly
identify which patients would experience remission of their
DM at 12 months follow-up in 82.7-87.4 % of cases. The
most accurate model was a decision tree based on DM
status (unrecognised, diet controlled, tablet controlled or
insulin controlled), fasting glucose levels, HbAlc, and
whether or not the patient had concomitant hypertension
[24]. The two strongest predictors of DM resolution were
low HbAlc and no requirement for insulin therapy which
were used in all 6 of the models and were the only factors
used for 3 of them [24]. These two factors alone success-
fully predicted DM remission in 86.6 % of cases in 2 of
these 3 models [24]. Interestingly, Hayes et al. [24] also
found that a lower preoperative BMI was a negative pre-
dictor of DM resolution which clearly could have impor-
tant implications for clinicians with regard to patient
selection and the indications for surgery.

Another study addressing the issue of prediction of DM
remission would be Hamza et al. [25] who reported that the
percentage of postoperative eBWL was the only predictor
of DM remission influenced by the choice of procedure and
that the only other independent predictor was younger age.
The finding that greater eBWL results in improved DM
remission rates echoes that of a previous study by Kadera
et al. [26] although clearly this finding is of little relevance
to those seeking to predict DM remission in preoperative
patients. Similar findings regarding patient age were pre-
sented by Lee et al. [27] who proposed that not only did
younger age confer an increased chance of DM remission
but also that having a shorter duration of DM was an
independent predictor. This finding too has been supported
in subsequent studies [26, 28].

Other factors which have been found to be significantly
associated with the chances of DM remission following
RYGBP include the nature and level of preoperative DM
control. Several studies, including Maciejewski et al. [29],
have reported that those RYGBP patients most likely to
have discontinued their DM medication at 1 year postop-
eratively were those who were treated preoperatively with
oral hypoglycaemic agents alone, followed by those on
insulin alone and lastly those on both forms of treatment
[30]. Kadera et al. [26] went one step further and suggested
that not only did insulin requirement per se significantly
influence the chances of remission versus mere improve-
ment of DM control but also that insulin dose significantly
differed between the 2 groups. It is perhaps noteworthy that
although all 6 of the models proposed by Hayes et al. [24]
used preoperative HbAlc in their analyses, other studies
have found no significant association between this factor
and DM remission [26]. Similarly, whilst Hall et al. [28]
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reported a significant difference in remission rates between
those with a preoperative HbAlc >10 % compared to those
for whom it was between 6.5 and 7.9 %, the lowest rate of
DM remission was seen in those patients whose levels fell
between these two groups. It has been proposed that a more
predictive accurate measurement would be the homeostatic
model of assessment estimated glucose disposition index
(HOMA-DI), which is the product of insulin sensitivity and
beta-cell sensitivity; however, presently, this measurement
is not in common use, and there is little evidence in the
literature to support this suggestion [31, 32].

Long term

As discussed in the opening paragraph, the term “remission
of diabetes” is preferred to the use of the word “cure” as it
implies the potential for the re-emergence of abnormal
glucose homoeostasis in the future. To date, there exist only
a handful of papers looking at predictive factors for the long-
term durability of DM remission. Chikunguwo et al. [33]
investigated 157 patients whose type 2 DM had gone into
remission at 1-year post-RYGBP and found that prolonged
remission existed in 57 % of them. Echoing the conclusions
of studies looking at short-term remission, they found that
durable remission was most likely in those patients whose
DM was initially controlled by diet alone, followed by those
on oral hypoglycaemic agents alone and finally by those
requiring insulin [33]. Prolonged DM remission was also
significantly more likely in men than in women [33]. Low
eBWL, weight regain and older age were weak predictors of
remission [33]. In a similar but smaller study using a shorter
follow-up period, DiGiorgi et al. [34] found comparable
results to Chikunguwo et al. [33] in terms of reduced dura-
bility of remission in those patients who experienced less
postoperative eBWL or weight regain (Table 1).

One potential confounding factor common to each of the
above studies is that it is assumed that the patients in the

Table 1 Showing preoperative predictors of DM remission following
RYGBP in the short and long terms

Positively associated
with DM remission

Negatively
associated
with DM remission

Short Mode of DM control Lower preoperative
term (diet > tablet > insulin BMI
(low dose > high dose))

Concomitant
hypertension

Good glycaemic control
(fasting glucose/HbAlc)

Younger age at surgery
Shorter duration since onset of DM

Long Mode of DM control
term (diet > tablet > insulin)

Gender (male > female)

study populations had type 2 DM rather than latent auto-
immune diabetes of the adult (LADA) [35]. LADA is a
form of type 1 DM in which there is gradual autoimmune
destruction of the pancreatic beta-cells over a period of up
to 12 years rather than the peripheral insulin resistance
characteristic of type 2 DM [35, 36]. Because of the slow
progression of the disease, many patients are erroneously
diagnosed with type 2 DM, whereas in actuality in 10 % of
the phenotypically type 2 DM, population over age the age
of 35 and 25 % of those below it LADA is the true diag-
nosis [35, 36].

Summary

Whilst it seems to be universally accepted that all forms of
surgical and non-surgical BWL improve type 2 DM, albeit
to varying degrees, the exact mechanisms by which they do
this remain a source of controversy. There is strong evi-
dence to support the idea that the less severe and short-lived
a patient’s DM is then the greater their chances of achieving
a sustained, complete remission following surgery. Whether
or not there are any other predictive factors that could be
used to identify those individuals most likely to benefit from
surgically induced BWL is presently unknown.
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