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Abstract
Purposes: The primary aim of this clinical study is to identify the factors associated with rapid glycemic,
bodyweight, and lipid profile remission in young obese patients following bariatric surgery.

Materials and methods: In a total of 131 Chinese in-patients at Shanghai Pudong Hospital, China, we
retrospectively analyzed in-patient data of metabolic parameters, including BMI, waist circumference, blood
pressure (BP), and blood laboratory tests, such as plasma lipids and lipoprotein, hemoglobulin A1c (HbA1c),
and oral glucose tolerance tests (OGTT) before bariatric surgery. We followed up these indices at the first
month, third months, half-year, and one year later.

Results: The results showed that bodyweight, BP, fasting plasma glucose (FPG), HbA1c, and triglyceride (TG)
levels decreased significantly in one to three months following surgery in both male and female patients
(p<0.05). We demonstrated that age (male: β=-0.181; female: β=-0.292) and the pre-operation HbA1c levels
(male: β=0.935; female: β=0.919) were independent predictors of HbA1c reduction in both young obese male
and female patients in three months after surgery. For body weight loss, age (β=-0.229) and pre-operation
bodyweight (β=0.735) are the predictors in females, but only pre-operation body weight (β=0.798) is the
independent predictor in obese young male patients.

Conclusion: This study discovered that changes in bodyweight were determined by age, pre-operation status
of bodyweight, and HbA1C in obese young Chinese.

Categories: Endocrinology/Diabetes/Metabolism, General Surgery, Other
Keywords: gender disparity, obesity, hba1c, bodyweight, bariatric surgery

Introduction
Obesity or overweight is the leading cause of type 2 diabetes mellitus (T2D) today [1]. Obesity (defined as a

BMI of 30 kg/m2) was 10.8% and 15.0% in men and women, respectively, in 2014. Overweight (defined as a

BMI of 25-30 kg/m2) was 24.4% and 27.9% in men and women, respectively. By 2025, it is expected that the
global prevalence of obesity will climb to 18% in men and 21% in women [2]. Obesity is a spectrum of

disorders characterized by the BMI criteria (a BMI of 30 kg/m2 is considered obese by the WHO in

Caucasians; however, 28 kg/m2 is considered obese in Chinese) [3]. Despite the fact that bariatric surgery
was the approach to treating morbid obesity, recent research and clinical settings have repeatedly shown
that it can result in glucose metabolism remission [4,5]. Multiple studies show that bariatric surgical
therapies, such as Roux-en-Y gastric bypass (RYGB), vertical sleeve gastrectomy (VSG), and biliopancreatic
diversion (BPD), could improve diabetes in the majority of patients, with results that are independent of
bodyweight loss [6]. The underlying mechanisms may include caloric restrictions or malabsorption, changes
in gut hormones (especially glucagon-like peptide 1 (GLP-1)), gut microbiota, and others [7]. Moreover, few
studies in the literature compare the metabolic consequences of bariatric surgery on male and female
patients. As a result, the impacts of gender variation in glucose metabolism, bodyweight, blood pressure,
lipids, and lipoprotein, as well as the predictor of rapid change of previous clinical parameters in different
genders, were studied retrospectively in this study. The purpose of this study is to figure out how to tailor
treatment for different genders and predict surgery outcomes.

Materials And Methods
Materials and methods
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The study, including surveys, sampling, examinations, and raw data access or utilization, has obtained ethics
approvals and permissions from the Ethics Committee of Shanghai Pudong Hospital (No. WZ-010). The
informed consent was received from study participants before the whole study. The guidelines outlined and
procedures were under the Declaration of Helsinki. All the data used in this study were anonymized before
its use.

Source of In-patient Data

Patients' information was collected from the in-patient information system at Shanghai Pudong

Hospital. Based on the Chinese diagnosis standard for obesity (BMI≥28 kg/m2), we included 131 adult, obese
patients from the year 2016-2019 who underwent bariatric surgery (including 119 sleeve gastrectomy (SG),
and one biliopancreatic diversion with duodenal switch (BPD-DS), three stomach-intestinal pylorus sparing
(SIPS), six RYGB, and two adjustable gastric band (AGB)) in the Department of Gastrointestinal
Surgery. These individuals had their pancreatic function evaluated in the Department of Endocrinology
prior to surgery, including OGTT and insulin release assays. Secondary obesity, such as Cushing syndrome,
is among the exclusion criteria.

Pre-operation Characteristics Evaluation

Table 1 shows the pre-operation metabolic characteristic data, including gender, age, BMI, BP, FPG, HbA1c,
plasma lipids, and lipoprotein.

Characteristic Male Female P value

Numbers (n) 44 87 -

Age (years) 32.61±11.378 33.70±12.365 0.626

BMI/ male (kg/m2) 39.755±7.363 37.467±7.361 0.095

WC (cm) 124.840±16.775 114.720±15.616 0.001***

SBP (mmHg) 140.160±13.207 135.790±17.975 0.156

DBP (mmHg) 88.090±9.771 85.700±10.923 0.223

TG (mmol/l) 2.174±1.260 1.884±1.107 0.179

LDL (mmol/l) 3.229±1.002 3.230±0.924 0.994

HDL (mmol/l) 1.101±0.873 1.130±0.283 0.773

HbA1c (%) 7.384±1.790 7.059±1.649 0.302

FPG/male (mmol/l) 7.240±2.610 6.700±2.463 0.250

HOMA-IR 2.650±1.500 2.071±0.869 0.064

TABLE 1: Basic metabolic information of patients before surgery intervention, 2016-2019.
Basic metabolic information of patients before surgery intervention, 2016-2019

Note: SBP: systolic blood pressure; DBP: diastolic blood pressure; WC: waist circumference

Data are mean ± SD unless otherwise indicated; ***: p<0.001

Analyses on Bodyweight, BMI, Waist Circumference, BP, FPG, and OGTT Before and After Bariatric Surgery

Bodyweight, BMI, waist circumference, BP, OGTT, insulin release tests, HbA1c, plasma lipids and
lipoprotein, homeostasis model assessment of insulin resistance (HOMA-IR), homeostasis model
assessment of β-cell function (HOMA-β) were analyzed before surgery. Then, we examined bodyweight,
BMI, waist circumference, blood pressure, FPG, HbA1c, and plasma lipids and lipoprotein levels one month,
three months, six months, and one year after surgery.

Statistical analyses
Statistics analyses were performed in Statistical Product and Service Solutions (SPSS) (version 26.0; IBM
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SPSS Statistics for Windows, Armonk, NY) and Prism (GraphPad, version 9.0). Two-way ANOVA was used to
compare changes in the levels of bodyweight, HbA1c, FPG, and plasma lipids. Multilinear regression
analyses were performed to establish the models of the proper predictors of bodyweight and HbA1c changes
in three months, respectively. Statistical significance was set at p<0.05 level for all analyses.

Results
Analyses of the glycemic state and pancreatic function prior to bariatric
surgery
We first observed that male and female patients had comparable venous glucose plots evaluated by OGTT.
Then, we evaluated the insulin and C-peptide release tests and found that there were no significant
differences between the genders. Furthermore, our findings indicated that HbA1c, HOMA-β, and HOMA-IR
were equivalent in both male and female patients (Fig. 1, Table 2).

 Males Females P value

Oral glucose tolerance test (OGTT)

Glucose (mmol/L)

0 min 6.904±2.697 6.405±2.348 >0.9999

30 min 11.574±3.709 11.413±4.036 >0.9999

60 min 13.512±4.955 13.159±5.417 >0.9999

120min 12.18±5.547 12.491±6.054 >0.9999

180 min 9.163±5.139 9.073±5.090 >0.9999

Insulin &C-peptide release test

Insulin (pmol/L)

0 min 251.95±177.864 203.276±150.821 >0.9999

30 min 917.332±766.596 811.924±602.550 >0.9999

60 min 1092.383±798.341 913.881±637.466 0.7816

120min 1073.284±738.868 880.504±601.678 0.4566

180 min 506.807±425.426 467.904±416.465 >0.9999

C-peptide (nmol/L)

0 min 1.080±0.526 0.873±0.368 >0.9999

30 min 2.414±1.512 2.058±1.069 0.6688

60 min 3.158±1.782 2.539±1.191 0.0534

120min 3.008±1.474 2.702±1.044 0.7816

180 min 1.891±0.904 1.900±.749 >0.9999

HbA1c % 7.196±1.806 6.894±1.495 0.4411

HOMA-β 118.139±59.920 118.375±71.047 0.9869

HOMA-IR 2.650±1.500 2.071±0.869 0.0643

TABLE 2: Comparison between male and female patients on the oral glucose tolerance test,
insulin and C-peptide release test, HbA1c, HOMA-β, and HOMA-IR at pre-operation.
Note: HbA1c: glycated hemoglobin A1c; HOMA-IR: homeostatic model assessment of insulin resistant; HOMA-β: homeostatic model assessment of β-cell
function
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FIGURE 1: The indices related to glycemic state and pancreatic function
before bariatric surgery.
The figure showed the results of the analyses on OGTT (A), insulin (B), and c-peptide release tests (C), HbA1c
(D), HOMA-IR (E), and HOMA-β (F). All the indices were not significantly different between the male and female
patients (p>0.05).

Note: OGTT: oral glucose tolerance tests; OP: bariatric surgery; HOMA-IR: homeostasis model assessment of
insulin resistance; HOMA-β homeostasis model assessment of β-cell function

Analyses of the bodyweight change, HbA1c, FPG, BP, plasma lipids,
and lipoprotein after bariatric surgery
The findings revealed that the extent of bodyweight loss from the baseline was significant in both genders
when compared to the first month with three months, six months, and one year. Similarly, blood pressure
including systolic (SBP) and diastolic pressure (DBP) declined dramatically in the first month after surgery
(Table 3).
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  Males Females P value

Bodyweight (kg)

Pre-op 121.223±20.993 97.724±19.4252 0.0016

1 m 104.428±19.824 83.872±17.051 0.0016

3 m 94.885±17.8302 76.221±14.827 0.0016

6 m 88.52±15.788 71.040±12.805 0.0016

1 y 82.93±14.154 66.87±10.778 0.0016

Blood pressure

SBP (mmHg)

Pre-op 143.54±12.94 135.83±18.86 0.0502

1 m 128.85±11.08 122.02±12.97 0.1170

3 m 124.74±12.94 118.74±11.39 0.2186

6 m 121.25±11.63 114.30±10.49 0.1626

1 y 121.00±11.37 110.19±10.05 0.0589

DBP (mmHg)

Pre-op 90.50±10.05 85.52±11.20 0.0309

1 m 83.11±6.53 79.14±8.69 0.1462

3 m 82.85±7.52 76.83±6.42 0.0056

6 m 78.67±6.23 74±5.44 0.0936

1 y 80.47±6.41 72.50±5.70 0.0115

TABLE 3: Comparison between male and female patients on bodyweight and blood pressure
change from pre-operation.
Note: pre-op: pre-operation; SBP: systolic blood pressure; DBP: diastolic blood pressure; 1 m: first month after operation; 3 m: 3 months after operation; 6
m: 6 months after operation; 1 y: 1 year after operation.

When comparing the amplitude of HbA1c and FPG value drop from the baseline, we found a significant
decrease in both male and female patients after three months compared to those of six months and one year
(Table 4).
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  Males Females P value

HbA1c (%)

Pre-op 7.196±1.806 6.894±1.495 0.5988

3 m 5.600±0.617 5.760±0.784 0.9414

6 m 5.500±0.432 5.604±0.513 0.9914

1 y 5.440±0.463 5.708±0.859 0.8957

FPG (mmol/L)

Pre-op 6.910±2.746 6.440±2.369 0.5776

3 m 5.449±1.176 5.227±0.884 0.9575

6 m 5.367±0.827 5.258±0.889 0.9980

1 y 5.330±0.867 5.270±0.968 >0.9999

TABLE 4: Comparison between male and female patients on the HbA1c and fasting plasma
glucose (FPG) change from pre-operation.
Note: HbA1c: glycated hemoglobin A1c; FPG: fasting plasma glucose; pre-op: pre-operation; 3 m: 3 months after operation; 6 m: 6 months after operation;
1 y: 1 year after operation.

The TG levels, similar to HbA1c, also decreased significantly in three months. However, when compared to
BMI and blood glucose, alterations in HDL and LDL were less obvious in the first one to three months after
surgery. The HDL level in female patients considerably increased after six months, while male patients' HDL
levels dramatically increased after a year. We only found that a significant decrease in the level of LDL
occurred in females one year post-operation (Fig. 2, Table 5).

  Males Females P value

TG (mmol/L)

Pre-op 2.245±1.236 1.907±1.1907 0.2421

3 m 1.335±0.554 1.369±0.516 0.9996

6 m 1.279±0.759 1.230±0.488 0.9988

1 y 1.048±0.425 1.179±0.542 0.9792

HDL (mmol/L)

Pre-op 0.952±0.137 1.119±0.231 0.0093

3 m 1.068±0.179 1.190±0.288 0.1086

6 m 1.104±0.166 1.250±0.265 0.0662

1 y 1.179±0.166 1.366±0.316 0.0679

LDL (mmol/L)

Pre-op 3.135±1.020 3.273±0.866 0.9285

3 m 2.850±0.866 3.193±0.862 0.3109

6 m 2.708±0.906 2.938±0.805 0.7561

1 y 2.637±1.032 2.652±0.732 >0.9999

TABLE 5: Comparison between male and female patients on TG, HDL, and LDL change from pre-
operation.
Note: TG: triglyceride; HDL: high-density lipoprotein; LDL: low-density lipoprotein; pre-op: pre-operation; 3 m: 3 months after operation; 6 m: 6 months after
operation; 1 y: 1 year after operation.
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FIGURE 2: The trends on the bodyweight (A and B), HbA1c (C), fasting
plasma glucose (D), systolic blood pressure (E), diastolic blood
pressure (F), and plasma lipids (G-I) after surgery.
Significant BMI changes occur one month after surgery, while HbA1c, FPG, and TG changes occur three months
after surgery, according to the data. However, in both male and female patients, a tendency of change in HDL and
LDL has lately occurred after six months.

Note: *: p<0.05; **: p<0.01; ***: p<0.001; ****: p<0.0001; BW: bodyweight; PRE: the time before the surgery; 1M:
one month after surgery; 3M: three months after surgery; 6M: six months after surgery; 1Y: one year after surgery;
FPG: fasting plasma glucose; SBP: systolic blood pressure; DBP: diastolic blood pressure; TG: triglyceride; HDL:
high-density lipoprotein; LDL: low-density lipoprotein

Effects of independent factors on bodyweight loss and HbA1c
reduction three months following bariatric surgery studied using
multilinear regression
Furthermore, we established a multilinear regression model to investigate the factors that contributed to the
significant change in post-operation bodyweight and HbA1c three months following bariatric surgery (Table
6). Surprisingly, the findings revealed that the bodyweight loss differentiates by gender. We discovered that,
in males, pre-operation bodyweight was the only independent determinant of significant bodyweight loss in
three months (β=0.798, p<0.001), whereas, in females, pre-operation bodyweight and ages were the
independent determinants (pre-operation bodyweight: β=0.735, p<0.001; age: β=-0.229, p=0.004) of post-
operation bodyweight. For HbA1c reduction at three months, the regression model showed that both in
males and females, pre-operation HbA1c (male: β=0.935; female: β=0.919) and age (male: β=-0.181; female:
β=-0.292) were the independent predictors.
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Multilinear regression analysis R 0.798 R2 0.637 Adjusted R2 0.623   

 Post-BW (M) Variables β SE β t Sig Tolerance VIF

 
 Constant -2.792 4.351 - -0.642 0.527 - -

 Pre-BW 0.229 0.034 0.798 6.752 <0.001 1.000 1.000

 R 0.812 R2 0.660 Adjusted R2 0.649 - -

 Post-BW (F) Variables β SE β t Sig Tolerance VIF

 

 Constant 2.996 2.366 - 1.267 0.210 - -

 Pre-BW 0.187 0.019 0.735 9.724 <0.001 0.960 1.041

 Age -0.096 0.032 -0.229 -3.035 0.004 0.960 1.041

 R 0.941 R2 0.886 Adjusted R2 0.877 - -

 Post-HbA1c (M) Variables β SE β t Sig Tolerance VIF

 

 Constant -3.444 0.586 - -5.881 <0.001 - -

 pre-HbA1c 0.855 0.062 0.935 13.840 <0.001 0.996 1.004

 Age -0.036 0.013 -0.181 -2.676 0.013 0.996 1.004

 R 0.890 R2 0.792 Adjusted R2 0.785 - -

 Post-HbA1c (F) Variables β SE β t Sig Tolerance VIF

 
 Constant -2.810 0.334 - -8.421 <0.001 - -

 Pre-HbA1c 0.712 0.046 0.919 15.337 <0.001 0.934 1.071

  Age -0.028 0.006 -0.292 -4.879 <0.001 0.934 1.071

TABLE 6: Multilinear regression analyses on the bodyweight and HbA1c reduction after surgery
three months later in both males and females.
Note: Post-BW: bodyweight; pre-BW: pre-operation bodyweight; pre-HbA1c: pre-operation HbA1c; SE: stand error; Sig: significance; VIF: variance
inflation factor; R: Pearson's correlation coefficient; R2: coefficient of determination

Discussion
Bariatric surgery was first developed to treat morbid obesity by changing the gastrointestinal tract (GI) in a
variety of ways, resulting in a change in physiological digestion and absorption function, a reduction in
energy intake, and rapid weight loss [8]. Bariatric surgery, on the other hand, has been demonstrated to be
effective in treating hyperglycemia, dyslipidemia, hyperuricemia, hypertension, and other metabolic
syndrome disorders [9-11]. Numerous clinical studies have suggested that a significant portion of the
incidence of improvement in hyperglycemia or diabetes remission may be independent of bodyweight
loss [12-14]. Bodyweight, FPG, HbA1c, and blood pressure all decreased rapidly in the first one to three
months after surgery, according to this study. Patients' baseline conditions, such as pre-operation BMI and
HbA1c, as well as their age, were the underlying clinical causes for this rapid decrease. Other factors that
may have an impact after surgery include nutrition [15,16], physical activity [17], and medicines [18], which
were not examined in this study. As reported in earlier research, baseline metabolic variables and age could
account for 63%-88% of the causes for dramatic improvements in bodyweight and HbA1c in the first three
months after surgery.

Before surgery, we compared the glycemic state and pancreatic function of the two genders. We discovered
that the OGTT profile was generally similar in males and females, with a peak appearing 30 minutes to one
hour after oral glucose intake and declining to fasting three hours later. In insulin and c-peptide release
assays, female patients had lower insulin and c-peptide release than male patients. The difference, however,
was not statistically significant. In both genders, the mean insulin and c-peptide release was less than five
times that of fasting insulin and c-peptide release, indicating that pancreatic function was slightly
impaired. Additionally, we noticed that HbA1c was slightly lower in female groups, indicating that female
patients had better glycemic control in the three months previous to surgery than male patients.
Furthermore, we utilized the HOMA model to assess pancreatic function and insulin resistance in male and
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female patients. While pancreatic functions were equivalent, male patients' insulin resistance was higher
than female patients, which could be attributed to male patients' higher bodyweight.

Then, in both men and women, we evaluated the rate of bodyweight reduction and metabolic indicators,
which were mostly consistent with previous findings [19-21]. The substantial decrease in bodyweight,
HbA1c, FPG, BP, and TG levels changed in the first one to three months; however, the level of HDL and LDL
changed approximately six months or one year later. We hypothesize that caloric restriction [22], relief of
hyperglycemia, lipid toxicity, and insulin resistance are clinically responsible for this effect
[23]. Unfortunately, we were unable to perform OGTT or insulin and c-peptide assays following
surgery. Hence, we could not determine the dynamic changes in pancreatic function and insulin resistance.
Nonetheless, we ultimately concluded that, in the first one to three months, a decrease in HbA1c was related
to a lower mean level of FPG, indicating normalization of glucose tolerance and pancreatic function. The
significantly delayed reduction in HDL and LDL may be due to the following change in bodyweight and
reduced adipose tissue [24-26].

In the present study, we further explored the assessable indices in relation to the rapid loss of bodyweight
and improvement of HbA1C. We discovered that pre-operation bodyweight and age were the strongest
predictors of the bodyweight reduction, accounting for 63%-67% of the causes. Although it remains to be
confirmed whether there is a relationship between age and bodyweight, our hypothesis regarding pre-
operative bodyweight is consistent with previous evidence [27]. Because the patients were young, we believe
that the gender variations in this study are due to sex hormones. Sex hormone disturbance due to metabolic
syndrome before the surgery may account. The normal effect of estrogen has been associated with weight
loss, adipose tissue inflammation, and insulin resistance in obese people [28]. The fact that some
unpregnant female patients (n=7) were able to become pregnant following an SG in this study supports this
theory.

Finally, we discovered that pre-operation HbA1c levels and age accurately predicted HbA1c change in the
one to three months following surgery [29], indicating that aging is associated with a loss of pancreatic
function and increased insulin resistance. The greater the HbA1c and the younger the patient, the better
glycemic control or diabetes remission. The changes in gastrointestinal hormonal response [30] and gut
microbiota with aging may be the additional causes for the effects we identified in this investigation.

Limitations
The conclusion was supported by research conducted at one research center. In addition, further data on
alteration of the serum GLP-1, SNS activity, and adipose mass data should be included. Therefore, further
research should be conducted to corroborate the recent results.

Conclusions
Altogether, we demonstrated that, regardless of gender, bariatric surgery could effectively reduce
bodyweight and contribute to the improvement of hyperglycemia, hypertension, and dyslipidemia. Age is an
independent indicator that predicts the rapid change in bodyweight in females, but predicts the HbA1c
changes in both genders after surgery. The different profiles of metabolic indices after bariatric surgery
could be traced to the variation between genders in these young patients, according to this study.
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