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Abstract

Objectives To explore the risk factors for relapse of hyperglycemia in obese patients with type II diabetes mellitus (T2DM) who
received laparoscopic Roux-en-Y gastric bypass (LRYGB) surgery.

Methods A retrospective analysis was performed on all obese patients with T2DM who underwent a LRYGB during the period
2011-2013. Demographics, preoperative body mass index (BMI), preoperative glycated hemoglobin Alc (HbAlc), adherence to
lifestyle intervention, preoperative medication of insulin, and the time interval between surgery and diagnosis of T2DM were
investigated and compared.

Results A total of 24 patients were included in our study. The median age was 45.5 years, the median BMI was 29.9 kg/m?, and
the median HbA 1c was 7.9%. Out of 24 patients, 54.2% (13/24) experienced a relapse of hyperglycemia. The 1-year, 3-year, and
S-year relapse rates were 4.2%, 12.5%, and 50.0%, respectively. The preoperative HbA ¢ level, C-peptide (2 h) level, and C-
peptide (3 h) level were identified as independent variables for the relapse of hyperglycemia (8.11+0.48 vs 7.72 +0.37 kg/m?,
p=0.036;4.35+1.46 vs 7.13£4.10 ng/ml, p = 0.032; 3.76 £ 0.61 vs 5.99 £ 3.39 ng/ml, p = 0.029). Lifestyle intervention could
reduce the hyperglycemia relapse rate (66.7 vs 41.7%) after LRYGB surgery.

Conclusions The preoperative HbAlc level and C-peptide level at surgery have an important significance in predicting the
relapse of hyperglycemia after LRYGB surgery; lifestyle intervention is crucial for these patients.
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Introduction quality of life, and increased mortality [1]. It is estimated that
in 2017, there were 451 million (age 18-99 years) people with

The growing pandemic of type 2 diabetes mellitus (T2DM) is  diabetes mellitus worldwide and that figure is expected to

a major health problem worldwide. People with diabetes have
an increased risk of developing serious life-threatening health
problems resulting in higher medical care costs, reduced
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increase to 693 million by 2045 [2].

Obesity has a strong association with T2DM and cardio-
vascular risk factors. Even though both observational studies
and randomized trials have shown that bariatric surgery results
in a significant and durable weight loss, as well as remarkable
improvement in T2DM, there are still many once “cured”
patients suffering from a relapse of hyperglycemia [3-5]. To
determine the risk factors for the relapse of hyperglycemia, we
present the 5-year follow-up data of 24 once “completely
cured” patients after laparoscopic Roux-en-Y gastric bypass,
some of which ultimately had a relapse of hyperglycemia.
Analyzed data included demographics, preoperative body
mass index (BMI), preoperative glycated hemoglobin Alc
(HbAlc), preoperative C-peptide level, preoperative medica-
tion of insulin, adherence to postoperative lifestyle interven-
tion, and the time interval between surgery and diagnosis of
T2DM.
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Methods
Study Design and Patients

Inclusion criteria were an age of 25-65 years, a BMI of
27.5 kg/m” or more, a history of type 2 diabetes lasting at least
3 years, preoperative HbA 1c concentration of > 7.0%, and the
ability to understand and comply with the study protocol.
Exclusion criteria were a history of type 1 diabetes, diabetes
secondary to a specific disease, previous bariatric surgery,
pregnancy, incomplete remission of diabetes within 6 months
after surgery, other medical disorders requiring short-term
hospital admission, and severe diabetes complications.

Demographics, preoperative BMI, preoperative HbAlc,
preoperative usage of insulin, adherence to postoperative life-
style intervention, and the time interval between surgery and
diagnosis of T2DM were investigated and compared to ex-
plore the risk factors for relapse of hyperglycemia.

In this retrospective study, we looked at 24 obese patients
with T2DM who underwent bariatric surgery from 2011 to
2013 at a single center and had a complete remission (FBG
5.6 mmol/L and HbAlc < 6.0% for at least 1 year without the
use of oral hypoglycemic medication or insulin) according to
the ADA criteria [6] within 6 months after LRYGB surgery.
All patients were advised to receive standard management for
diabetes in the department of endocrinology and have a regu-
lar postoperative follow-up every 3 months at our department;
data including weight, height, waist, blood pressure, blood
glucose, HbAlc, c-peptide level, and nutritional status was
recorded.

Surgical Procedure

The surgical procedure is the standard Roux-en-Y procedure,
which including the identification of the Treitz ligament, sec-
tion of the omentum, and measurement of a 100-cm long,
biliopancreatic limb. The gastric pouch was divided by con-
secutive applications of linear endostaplers (60 mm/3.5—
4.2 mm) to create a 25- to 30-ml gastric pouch. Side to side
gastrojejunal anastomosis was performed using linear
endostaplers (60 mm/3.5-4.2 mm). An alimentary limb of
100 cm was accurately measured from that point. A jejuno-
jejunal side to side anastomosis was performed with a linear
endostapler (60/2.5 mm). Mesenteric space was closed with a
nonabsorbable suture, and the jejunum between the two anas-
tomoses was finally transected. The Petersen space was
closed. Finally, a para-anastomotic Silastic drain was placed.

Statistical Analysis
Statistical analysis of the data was carried out using SPSS

software version 22.0 and GraphPad Prism 5. Data were sum-
marized as the median and interquartile range (IQR) for

continuous variables and as count and frequency for categor-
ical variables. Relapse-free survival (RFS) was defined as the
time from surgery to the first postoperative onset of hypergly-
cemia (HbAlc concentration >7.0%). Follow-up was calcu-
lated using the reverse Kaplan—-Meier method. Median surviv-
al was estimated using the Kaplan—-Meier method, and the
difference was tested using the log-rank test. Classified vari-
able was accessed by performing the y* test. Significance
levels were assessed at p value < 0.05.

Ethics

The study protocol was approved by the institutional review
board of the First Hospital Affiliated to Army Medical
University. Written informed consent was obtained from all
selected patients.

Results

The flow diagram shows the study selection process (Fig. 1),
only 26.4% (24/91) patients got completely remission of dia-
betes within 6 months after surgery. A total of 24 patients with
amedian age of 45.5 years (IQR, 39.0-54.8) were included in
the study, of which 17 (70.8%) were men and 7 (29.2%) were
women (Table 1). All patients underwent primary LRYGB
and none of them experienced complications during hospital-
ization. At the time of the surgery, the median BMI was
29.9 kg/m2 (IQR, 27.8-32.1) and the median HbAlc was
7.9% (IQR, 7.6-8.3). The median interval between the sur-
gery and diagnosis of T2DM was 75.0 months (IQR, 61.0—
89.5). The median complete remission time after surgery was
4.5 months (IQR, 3.0-5.0).

The median follow-up period was 69.5 months (IQR, 62.3—
74.0). Out of 24 patients, 13 (54.2%) experienced a relapse of
hyperglycemia with a median relapse time of 52 (12-66)
months. At the time of the 1-year, 3-year, and 5-year follow-

Total patients according to
inclusion criteria n=97

Exclusion criteria: a history of
type 1 diabetes(0), diabetes

> secondary to a specific

disease(5), previous bariatric
v surgery(1), pregnancy(0) n=6

Patients with/without

diabetes remission n=91

Incomplete/No remission
> of diabetes within 6

months after surgery

Y n=85

Completely remission
n=24

Fig. 1 Patient selection process
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Table 1 Characteristics of 24 patients stratified by hyperglycemia
relapse
Characteristics Relapse (n=13) Nonrelapse (n=11) p value
Sex (n) 0.793
Male 9 8
Female 4 3
Age 46.15+£8.92 44.73£12.17 0.751
Preoperative BMI 30.65+2.11 28.86+£2.40 0.065
Preoperative HbAlc 8.11+£0.48 7.72+0.37 0.036
Remission time 3.77+1.59 445+1.21 0.255
T2DM duration 74.62 +£25.55 78.36+18.33 0.681
C-peptide (pre) 2.32+0.96 3.09+0.87 0.053
C-peptide (1 h) 3.43+£0.64 5.03+£2.87 0.063
C-peptide (2 h) 435+£1.46 7.13+4.10 0.032
C-peptide (3 h) 3.76+£0.61 5.99+3.39 0.029
Use of insulin 0.413
Yes 8
No 5 7

BMI, body mass index; HbAlc, glycosylated hemoglobin; 72DM, type 2
diabetes mellitus; C-peptide (pre), C-peptide level before C-peptide release
tests; C-peptide (1 ), C-peptide level after (1 h) C-peptide release tests

Italics emphasis means p < 0.05 (statistically significant)

up, the relapse rates were 4.2% (1/24), 12.5% (3/24), and
50.0% (12/24), respectively, of which one patient was diag-
nosed relapse of hyperglycemia at the 66th months after sur-
gery (Fig. 2).

Among the evaluated risk factors, preoperative HbA Ic lev-
el, C-peptide (2 h) level, and C-peptide (3 h) level were iden-
tified as independent variables for the relapse of hyperglyce-
mia (8.11 £0.48 vs 7.72+0.37 kg/m?, p=0.036; 435+ 1.46
vs 7.13+£4.10 ng/ml, p=0.032; 3.76 £0.61 vs 5.99 +
3.39 ng/ml, p=0.029). Patients with higher preoperative
HbA Ic levels and lower C-peptide (2 h and 3 h) levels were
more likely to have a higher risk of hyperglycemia relapse.
There was no significant difference in other characteristics
between these two groups.
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Fig. 2 The relapse of hyperglycemia after surgery

@ Springer

In addition, lifestyle intervention was likely to reduce the
relapse rate of hyperglycemia after bariatric surgery; overall,
five of the 12 (41.7%) patients who underwent lifestyle inter-
vention and eight of the 12 (66.7%) patients who refused
lifestyle intervention experienced hyperglycemia relapse dur-
ing our follow-up.

Discussion

Many studies have shown that T2DM is closely associated
with obesity, and bariatric surgery has been confirmed to be
efficient in treating T2DM in morbidly obese patients [3, 7, §].
In addition, bariatric surgery has been proven to be an option
for obese individuals with uncontrolled obesity-induced
T2DM [9, 10]. While in many centers, including our center,
the reported complete remission rate is relatively low.
Pournaras et al.[11] reported that only 40.6% (65/160) of the
patients had a complete remission after gastric bypass.
Aminian et al [4] reported that only 11% of the patients had
complete remission after bariatric surgery and only 3% of the
patients could be cured (continuous complete remission for >
5 years). In our study, only 24 (26.4%) of 91 patients had
complete remission. Most diabetes patients need continuous
therapy on diabetes after surgery. Furthermore, even though
plenty of studies have reported a remission of T2DM after
bariatric surgery, many patients have still experienced disease
recurrence over time [12, 13]. Mingrone et al. [3] carried out
an open-label, single-center, randomized controlled trial
which showed that approximately 53% of patients experi-
enced a relapse of hyperglycemia after Roux-en-Y gastric by-
pass. Chikunguwo et al. [13] reported that 68 of 157 (43.3%)
patients developed T2DM recurrence after Roux-en-Y gastric
bypass. In our center, 13 of 24 (54.2%) patients developed
hyperglycemia relapse within 6 years after Roux-en-Y gastric
bypass. Based on these results, we hypothesized that there are
some potential risk factors contributing to the relapse of hy-
perglycemia after bariatric surgery.

Obesity, especially central obesity, is closely associated
with insulin resistance and the development of T2DM, which
is also the reason bariatric surgery can reduce insulin resis-
tance and be used for treating T2DM [14, 15]. BMI can quan-
tify the degree of obesity, which is also the most important
indication for bariatric surgery for the treatment of T2DM.
BMI has been found to be associated with T2DM remission
after bariatric surgery [16], yet BMI alone cannot adequately
predict diabetes remission or relapse after surgery [3]. When
we evaluated the role of BMI in predicting the relapse of
hyperglycemia in our study, we found that although the mean
preoperative BMI of the relapse arm was slightly higher than
that of the nonrelapse arm (30.65+2.11 vs 28.86 +£2.40, p =
0.065), the difference showed no statistical significance.
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Table 2 Relationship between
hyperglycemia relapse rate and Lifestyle intervention Relapse (1) Nonrelapse (1) Relapse rate X P
lifestyle intervention
Yes 5 7 41.7% 1.51 0.219
No 8 4 66.7%

The indication for metabolic surgery should be uncon-
trolled T2DM, which is represented by an elevated HbAlc.
Although BMI was regarded as a criterion for the surgical
indication for bariatric surgery due to its association with in-
creasing mortality, the risk of T2DM is highly associated with
an elevated HbA lc. Hall et al. [17] reported that patients with
a baseline HbAlc > 10 had a 50% rate of remission compared
to 77.3% for patients with an HbA lc of 6.5-7.9 after Roux-
en-Y gastric bypass surgery, suggesting that better control of
diabetes prior to surgery corresponds to a higher rate of remis-
sion. It was also reported that patients with complete resolu-
tion of diabetes had lower preoperative HbAlc levels and
lower daily doses of metformin and insulin use [18]. All pa-
tients included in our study received the standard therapy for
diabetes, hence the preoperative HbAlc level could partially
reflect the therapeutic efficacy for diabetes and the (3-cell
function. From our study, we found that the relapse arm
showed significantly higher (8.11 £0.48 vs 7.72+0.37 kg/
m?, p=0.036) preoperative HbAlc levels than that of the
nonrelapse arm, suggesting that preoperative HbAlc level
could be a predictor for a relapse of hyperglycemia after
Roux-en-Y gastric bypass surgery.

The (3-cell function and the islet cell mass have been dem-
onstrated to be closely associated with the remission and re-
lapse of T2DM after bariatric surgery [19, 20]. The C-peptide
level is a direct measurement of insulin secretion and reflects
the islet cell mass. Sjostrom et al. [21] reported that baseline
insulin was an independent predictive factor of cardiovascular
disease reduction after bariatric surgery, indicating the impor-
tance of the C-peptide level in evaluating patients considering
metabolic surgery. Furthermore, Aarts et al. [18] reported that
90% of T2DM patients with preoperative fasting C-peptide
levels > 1.0 nmol/l achieved a postoperative HbAlc <6.5%
and 74% achieved complete resolution of their diabetes after
Roux-en-Y gastric bypass. In our study, we found that preop-
erative fasting C-peptide levels (2 h and 3 h) correlated with
the relapse of hyperglycemia after surgery, indicating that islet
cell mass and f3 cell function could be predictors of the recur-
rence of hyperglycemia. In addition to the preoperative fasting
C-peptide levels, we investigated the role of T2DM duration
in predicting the relapse of hyperglycemia. The duration of
T2DM reflects the natural course and deterioration of 3 cell
function. A longer history of T2DM reflects a greater percent-
age of an irreversible 3 cell damage [22]. The duration of
T2DM has been shown in previous studies to independently
predict the success of metabolic surgery, which indicates that a
shorter duration of T2DM corresponding to a higher rate of

diabetes remission [17, 19]. While the T2DM duration was
not statistically associated with relapse of hyperglycemia in
our study, this may have been due to the relatively small sam-
ple size.

Lifestyle intervention is a classical and effective method for
controlling T2DM, yet few studies have reported the relation-
ship between lifestyle intervention and the relapse of hyper-
glycemia after bariatric surgery for obese patients with T2DM
(Table 2). For obese patients, an integrated program that com-
bines advice on diet, physical activity, and psychosocial con-
cerns both before and after surgery is needed according to the
Clinical Guidelines for the Identification, Evaluation, and
Treatment of Overweight and Obesity in Adults from the
National Heart, Lung, and Blood Institute (NHLBI) [23].
Nonetheless, the correlation between lifestyle management
and hyperglycemia relapse has still been undefined. Our study
showed that lifestyle intervention after bariatric surgery was
likely to reduce the possibility of relapse of hyperglycemia
(41.7 vs 66.7%).

Our study had a few limitations. First, the relatively small
size of the study samples might have weakened the statistical
power of our study, although we found that only HbAlc and
C-peptide level showed a statistical significance, the prognos-
tic value of other factors for relapse of hyperglycemia still
needs further study to clarify. Second, the predictive power
was limited by the lack of data at every follow-up; we would
need to record more data at every follow-up to make our
results more receivable and convictive. Third, there were no
unitive criteria for lifestyle intervention judgment in our study.
The subjectivity of our judgment might weaken the reliability
of'the results. Even though we found that lifestyle intervention
may correlate to hyperglycemia relapse, the unitive criteria
need to be carried out in our further studies.

In conclusion, the preoperative HbA1c level and C-peptide
level at surgery have important significance in predicting the
relapse of hyperglycemia after LRYGB surgery. For patients
having higher HbAlc and C-peptide levels, we need to pay
more attention to postoperative follow-up and continuous
therapy for diabetes, hence to increase the remission rate. In
addition, we need to pay more attention to lifestyle interven-
tion or even pharmaceutical therapy to patients after surgery,
as they could be crucial for them.
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