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Abstract
Background Bariatric surgery improves insulin sensitivity and secretion in patients with type 2 diabetes, but the effect on patients
with prediabetes or even normal glucose tolerance deserves further consideration.
Methods Cohort study including patients operated with laparoscopic Roux-en-Y gastric bypass surgery (LRYGB) between
November 2012 and June 2017 at the Örebro University Hospital (n = 813) with follow-up of 742 patients 2 years after surgery.
Fasting insulin, glucose, glycosylated hemoglobin (HbA1c), and homeostatic model assessment of insulin resistance (HOMA-
IR) were analyzed at baseline and 2 years after surgery for patients with overt type 2 diabetes, prediabetes, or non-diabetes.
Results Fasting insulin levels improved for all groups (diabetics baseline 25.5 mIU/L, IQR 17.5–38.0, 2 years 7.6 mIU/L, IQR
5.4–11.1, p < 0.001; prediabetics baseline 25.0 mIU/L, IQR 17.5–35.0, 2 years 6.7mIU/L, IQR 5.3–8.8, p < 0.001; non-diabetics
baseline 20.0 mIU/L, IQR 14.0–30.0, 2 years 6.4 mIU/L, IQR 5.0–8.5, p < 0.001). HbA1c improved in all groups (diabetics
baseline 56 mmol/mol, IQR 49–74 [7.3%, IQP 6.6–8.9], 2 years 38 mmol/mol, IQR 36–47 [5.6%, IQR 5.4–6.4], p < 0.001;
prediabetics baseline 40mmol/mol, IQR 39–42 [5.8%, IQR5.7–6.0], 2 years 36mmol/mol, IQR 34–38 [5.5%, IQR 5.3–5.6], p <
0.001; non-diabetics baseline 35mmol/mol, IQR 33–37 [5.4%, IQR 5.2–5.5]; 2 years 34mmol/mol, IQR 31–36 [5.3%, IQR 5.0–
5.4], p < 0.001). HOMA-IR improved in all groups (diabetics baseline 9.3 mmol/mol, IQR 5.4–12.9, 2 years 1.9 mmol/mol, IQR
1.4–2.7, p < 0.001; prediabetics baseline 7.0 mmol/mol, IQR 4.3–9.9, 2 years 1.6 mmol/mol, IQR 1.2–2.1, p < 0.001; non-
diabetics 4.9 mmol/mol, IQR 3.4–7.3, 2 years 1.4 mmol/mol, IQR 1.1–1.9, p < 0.001).
Conclusion Insulin homeostasis and glucometabolic control improve in all patients after LRYGB, not only in diabetics but also in
prediabetics and non-diabetic obese patients, and this improvement is sustained 2 years after surgery.
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Introduction

Diabetes and prediabetes are common conditions among pa-
tients with morbid obesity being considered for bariatric sur-
gery [1–3]. Patients with diabetes carry a significant risk of
developing micro- and macrovascular complications [4]. The

risk of complications, both in type 2 diabetes and type 1 dia-
betes, is strongly correlated to the duration of the disease and
to the level of hyperglycemia [5–7].The sooner the hypergly-
cemic state is corrected, the better the prognosis, and ideally, if
the disease could be prevented, this would be the largest gain
for the patient and the health-care system. Laparoscopic bar-
iatric surgery has a low complication rate [2, 8], and is con-
sidered an effective treatment for diabetes in patients with
morbid obesity [9–12], with documented reduction in micro-
and macrovascular complications [13, 14]. Gastric bypass and
sleeve gastrectomy have both been reported to reduce periph-
eral insulin resistance and improve glucose homeostasis in
patients with type 2 diabetes and to some extent in patients
without type-2 diabetes at the time of surgery [12, 15–23].
Previous studies in patients with impaired glucose tolerance
or impaired fasting glucose are more scarce.

The aim of the present study was to evaluate the effect of
gastric bypass surgery on glucose homeostasis and insulin
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resistance in patients with morbid obesity and overt diabetes
mellitus, prediabetes, and normal glucose levels, respectively.

Material and Methods

All patients operatedwith laparoscopicRoux-en-Y gastric bypass
surgery (LRYGB) at the Örebro University Hospital in Sweden
were eligible for inclusion in the study. Collection of samples for
fasting serum insulin began at this institution in November 2012.
In order to enable a 2-year follow-up, the inclusion period was
defined as November 1, 2012, until June 30, 2017. Patients with
missing data on fasting serum insulin at baseline and patients
with type 1 diabetes were excluded from the study.

All patients were seen at baseline, day 30 and at 1 and
2 years after their operation. Some patients were unable to
attend a follow-up visit at the hospital department and instead
were followed up by telephone or mail contact. Fasting blood
samples for insulin, glucose, and HbA1c were taken at base-
line (prior to preoperative weight reduction) and at 1 and
2 years after surgery. Any postoperative changes to medical
treatment for diabetes were made by the physician handling
the diabetes.

All patients were kept on a low-calorie diet 4 to 6 weeks
before surgery. The surgical procedures were all antecolic,
antegastric LRYGB with a 50-cm long biliopancreatic limb
and a 100-cm alimentary limb as described by Olbers and
Lönroth [24]. One linear stapler was used to construct the
gastroenterostomy, and the remaining defect was closed with
a running absorbable suture. All mesenteric defects were
closed to reduce the risk for internal hernia [25].
Postoperatively, oral fluids were started on the day of surgery.

Based on the recommendations of the American Diabetes
Association (ADA), patients were divided into three groups:
patients with overt diabetes, prediabetes, or non-diabetes.
Prediabetes was defined as an HbA1c of 5.7–6.5% (39–
48 mmol/mol) without medical treatment [26]. Diabetes was
defined as ongoing medical treatment for diabetes or an
HbA1c > 6.5% (> 48 mmol/mol) with or without medical
treatment at baseline [26].

Change in weight was estimated as percentage total weight
loss (%TWL= 100 x [initial weight –weight at 2-year follow-
up] / initial weight) and excess BMI loss (%EBMIL =
100 x [initial BMI – BMI at 2-year follow-up] / [Initial
BMI – 25]) comparing the change in weight between the
weight prior and preoperative weight reduction with that
2 years after surgery.

Outcome Measures

The primary outcome was insulin resistance (estimated by
fasting serum insulin and HOMA-IR) 2 years after surgery.
Secondary outcomes were HbA1c and fasting plasma glucose

2 years after surgery. HbA1c values were reported according
to the reference standard of the International Federation for
Clinical Chemistry and LaboratoryMedicine (IFCC) and con-
verted to the standards of the Diabetic Control and
Complication Trial using a validated conversion table [27].
The homeostasis model assessment of insulin resistance
(HOMA-IR) was based on the following equation: HOMA-
IR =Glucose (mmol/L) x Insulin (mIU/L) /22.5 [28]. Patients
receiving insulin treatment at baseline were excluded from the
analyses of serum insulin and HOMA-IR.

Complete remission of diabetes was defined as HbA1c 6.0%
(42 mmol/mol) without medical treatment, and partial remis-
sion was defined as HbA1c 6.0–6.5% (42–48 mmol/mol) with-
out medical treatment in accordance with the recommendations
of the American Society for Metabolic and Bariatric Surgery
[29]. Controlled diabetes at follow-upwas defined as anHbA1c
< 6.5% (< 48 mmol/mol) with medical treatment.

Statistical Methods

The Shapiro-Wilks test was used to test normal distribution.
Due to the fact that no outcome had a normal distribution, the
Wilcoxon signed-rank test was used to compare changes over
time. Categorical parameters were analyzed with the Chi-
squared test. Correlation between %TWL and improvement
in insulin resistance over 2 years was estimated with the
Spearman correlation test. Missing data were excluded from
analyses. All calculations were made using SPSS version22
(IBM corporation, Armonk, NY, USA).

Ethics

The study was approved by the Regional Ethics Committee in
Uppsala, Sweden, and was conducted in accordance with the
1964 Helsinki Declaration and its later amendments.

Results

During the inclusion period, 821 patients underwent primary
LRYGB. After exclusion of eight patients with type 1 diabe-
tes, 813 patients remained in the study. Follow-up was regis-
tered for 768 patients (94.5%) after 1 year and 742 patients
(91.3%) after 2 years. Fasting serum insulin was available at
baseline and at 2 years for 599 patients (73.7%), for HbA1c
for 678 patients (83.4%), and for fasting plasma glucose for
675 patients (83.0%).

Baseline Characteristics Are Presented in Table 1

Among the 129 patients with diabetes mellitus type 2 (accord-
ing to the ADA definition [26]), 54 received oral medical
treatment, 10 received insulin treatment alone, 30 received a
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combination of oral treatment and insulin, and 35 did not
receive any medication for their diabetes.

Three procedures (0.4%) were converted to open surgery.
Mean operation time was 84 ± 25.0 min. A postoperative
complication occurred within 30 days in 56 patients (6.9%).
One patient died during the first 90 days (0.1%). The most
common early postoperative complication was abdominal
pain (n = 15, 1.8%), followed by bleeding (n = 14, 1.7%),
bowel obstruction/paralysis (n = 14, 1.7%), wound infection
(n = 8, 1.0%), leakage (n = 6, 0.7%), nutritional deficiency
(n = 3, 0.4%), abscess/deep abdominal infection (n = 3,
0.4%), and pulmonary complication (n = 3, 0.4%).

Patients had lost on average 39.8 ± 13.1 kg 2 years after
surgery, and %EBMIL 2 years after surgery was 84.8 ± 23.7%
and %TWL 33.1 ± 8.5%.

At baseline, 186 patients were classified as having predia-
betes. At the 2-year follow-up, of the 164 patients with infor-
mation available on diabetes status, including HbA1c, 130
were no longer classified as having prediabetes (79.3%).
One patient with prediabetes, hypertension, and dyslipidemia
at baseline had an HbA1c level of 6.9% (52 mmol/mol) at
follow-up and seemed thus to have developed diabetes.
None of the 399 non-diabetic patients with available informa-
tion on diabetes status and HbA1c at the 2-years follow-up
developed diabetes during the follow-up time.

At the 2-year follow-up, of the 129 patients with type 2
diabetes at baseline, 118 had information available on their
diabetes status including HbA1c. Of these, 64 (54.2%) had
complete remission of their diabetes without medical treat-
ment, 8 (6.8%) had partial remission without medical treat-
ment, 18 (15.3%) had controlled diabetes, and 28 (23.7%) had
HbA1c ≥ 48 mmol/mol despite medical treatment.

Insulin, HbA1c, and HOMA-IR levels improved in all
groups after surgery (Figs. 1, 2, and 3). Fasting plasma glu-
cose levels (mmol/L) also improved in the non-diabetic
group (baseline 5.5, IQR 5.2–5.9, 2 years after surgery 5.0,
IQR 4.8–5.2), prediabetics (baseline 6.0, IQR 5.6–6.6,
2 years after surgery 5.2, IQR 5.0–5.5), and diabetics (base-
line 8.5, IQR 7.1–10.3, 2 years after surgery 5.7, IQR 5.2–
6.8; p < 0.001 for all comparisons).

Percentage total weight loss was correlated to im-
provement in insulin levels in patients of all sub-
groups, without diabetes (Spearman rank correlation
coefficient, r = − 0.213, p < 0.001), prediabetics (r =
− 0.424, p < 0.001), as well as diabetics (r = − 0.505,
p < 0.001). A similar correlation was seen for HOMA-
IR (non-diabetics r = − 0.203, p < 0.001; prediabetics
r = − 0.419, p < 0.001; diabetics r = −0.417, p =
0.002), whereas no statistically significant difference
was seen for HbA1c (non-diabetics r = −0.054, p =
0.290; prediabetics r = −0.147, p = 0.062; diabetics
r = −0.042, p = 0.669).

Discussion

Overt type 2 diabetes is well recognized as an indication for
bariatric surgery for persons with morbid obesity. LRYGB
was in our study associated with a reduction in fasting insulin,
HbA1c, and fasting glucose levels as well as improvement in
insulin resistance, not only in the diabetic group but also for all
patients irrespective of glucometabolic state at the time of
surgery. In patients with type 2 diabetes, a marked reduction
was seen in all outcome measures, despite a wide distribution
of insulin levels. Furthermore, consistent with previous stud-
ies, complete or partial remission rate of diabetes was high, at
least 2 years after surgery. Patients classified as having predi-
abetes according to the definition of the American Diabetes
Association [26], showed significant improvement, 84% hav-
ing HbA1c and fasting plasma glucose values in the normal
range 2 years after surgery.

These effects have been described previously in smaller
studies reporting improvement in various aspects of glucose
metabolism [12, 15–18, 20, 21]. Although the mechanisms
that lie behind these effects of bariatric surgery are far from
being established, they appear to be mediated by a combina-
tion of factors both dependent and independent of weight loss,
including improved gastrointestinal endocrine function (e.g.,
increased GLP-1 secretion) [15, 17, 19, 30]. A significant
association was seen between weight loss and improvement
in the metabolic outcomes in the present study. This finding
concurs with current evidence supporting a clear association
between massive weight loss after bariatric surgery and im-
proved insulin sensitivity [31, 32]. Weight loss-independent
factors are more complex and probably explain the

Table 1 Baseline characteristics for patients with 2-year follow-up

Base-line characteristic Mean ± SD, or n (%)

BMI, mean ± SD, kg/m2 42.1 ± 5.22

Age, mean ± SD, yrs 40.2 ± 12.03

Sex

Female, n (%) 571 (77.0%)

Male, n (%) 171 (23.0%)

Comorbidity, n (%) 379 (51.1%)

Sleep apnea, n (%) 80 (10.8%)

Hypertension, n (%) 181 (24.4%)

Diabetes, n (%) 121 (16.3%)

Prediabetes, n (%) 177 (23.9%)

Dyslipidemia, n (%) 58 (7.8%)

Dyspepsia/GERD, n (%) 31 (4.2%)

Depression, n (%) 67 (9.0%)

Previous DVT/VTE, n (%) 18 (2.4%)

There were no missing data
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improvement in glucose homeostasis shortly after bariatric
surgery [17, 19]. An increase in insulin level is associated with
weight-gain in patients with diabetes [33], and a fall in insulin
level may be a contributing factor to weight loss after bariatric
surgery [34]. Furthermore, bariatric surgerymay improve pan-
creatic beta-cell function [18, 21, 30]. This effect appears to be
the most important among non-diabetics and patients with
recent onset of diabetes where beta-cell dysfunction is only
limited [18]. In the present study, the effect on prediabetes was
significant. Although this specific group of patients is at
slightly higher risk for postoperative complications compared
with patients with normal glucose tolerance [35], the results of
the present study support the effect of bariatric surgery in the
prevention of new onset of diabetes [36, 37]. Improvement of
metabolic risk factors associated with prediabetes and preven-
tion of the otherwise high risk of conversion of prediabetes
into diabetes are of fundamental value for the individual

patient [23, 36–38]. Furthermore, with estimated annual costs
in the USA for prediabetes of $43.4 billion and as high as
$13,240 per patient if the prediabetes progress into diabetes,
bariatric surgery may help save health-care expenditure as
well. With a risk of progression from prediabetes to overt
diabetes higher than 10% during the first 1.5 years after diag-
nosis [38], prediabetes should thus be recognized as a factor
increasing the indication for bariatric surgery in patients with
morbid obesity.

The metabolic benefits in patients with established type 2
diabetes were quite convincing, with marked improvements in
fasting insulin, glucose, and HbA1c levels as well as a reduc-
tion in insulin resistance according to HOMA-IR.
Furthermore, 62% of patients with diabetes at baseline were
in complete or partial remission without medical treatment at
the 2-year follow-up, and an additional 17% were in a well-
controlled situation with HbA1c levels < 6.5%. These

Fig. 1 Clustered boxplot of mean
fasting serum insulin at baseline,
1 and 2 years after surgery with
interquartile range

Fig. 2 Clustered boxplot of mean
HOMA-IR at baseline, 1 and
2 years after surgery with inter-
quartile range
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improvements are in line with the results of previous random-
ized trials [9, 10, 39, 40], as well as other large non-
randomized trials [11, 32, 41].

Strengths and Limitations

The study has several limitations that must be acknowledged.
First, this is a retrospective study, which limits our analyses to
patient-specific information and laboratory tests routinely col-
lected at our department. Most importantly, oral glucose tol-
erance tests were not performed, limiting analyses to fasting
samples and thus ruling out evaluation of the insulin response
to a meal. The glucose tolerance test, however, is resource
demanding and would have dramatically limited the number
of participants in this study. Instead, we estimated insulin re-
sistance by HOMA-IR. The euglycemic hyperinsulinemic
clamp (EHC) is considered the gold standard for evaluation
of insulin response. However, EHC is impractical in larger
study cohorts due to the resources required. As a result,
HOMA-IR is often used in larger epidemiologic studies, thus
enabling comparison between studies. The use of HOMA-IR
limits the interpretation of insulin resistance to the relationship
between insulin and glucose at basal concentrations [23] but
has been shown to correlate well with the EHC [42]. Uniform
definitions of diabetes, prediabetes, and non-diabetes based on
HbA1c values were used throughout the study. HbA1c reflects
glucose levels during non-fasting hours of the day and is now
accepted as a diagnostic criterion for type 2 diabetes mellitus
[43]. The present study included over 500 participants with
varying degree of glucose tolerance, with complete data both
at baseline and 2 years after surgery, and this, to our knowl-
edge, is the largest study to date on improvement in glucose
metabolism after laparoscopic bariatric surgery. The study in-
cluded only LRYGB procedures. Although similar effects on
glucose homeostasis and incretin levels have been reported

with LRYGB and sleeve gastrectomy [44], recent studies im-
ply better glycemic improvement with LRYGB compared
with sleeve gastrectomy for patients with type 2 diabetes
[45]. The results of the present study can thus not be general-
ized to sleeve gastrectomy, and further comparisons for pa-
tients with prediabetes are needed.

Conclusion

Insulin homeostasis and glucometabolic control improve in all
patients after LRYGB, not only in diabetics but also in predi-
abetics and non-diabetic obese patients, and this improvement
is sustained 2 years after surgery.
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