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Purpose: The effect of hyperinsulinemia on short-term outcomes after laparoscopic sleeve gastrectomy (LSG) in patients with obesity
combined with insulin resistance is unclear.

Material and Methods: This was a retrospective analysis of patients who underwent LSG at our center between January 1, 2020,
and December 31, 2021. Patients were divided into hyperinsulinemia (HINS) and nonhyperinsulinemia (NHINS) groups based on
fasting insulin levels. The primary endpoint was weight change. Metabolic disease outcomes, postoperative complications, and quality
of life score changes were secondary endpoints.

Results: A total of 92 patients were included in this study, with 59 in the HINS group and 33 in the NHINS group. At 6 months
postoperatively, the median (P55, P75) %EWL was 76.01 (64.40, 86.99)% in the HINS group and 92.02 (86.78, 100.88)% in the
NHINS group (P<0.001). The mean %TWL (SD) was 23.26 (7.14)% in the HINS group and 26.80 (6.55)% in the NHINS group
(P=0.021). The remission of dyslipidemia and hypertension in the NHINS group and the HINS group were not significantly different
(P>0.05 for all). The differences in QOL between groups were not statistically significant (P=0.788). In terms of postoperative
complications, there was no statistically significant difference between the groups (P>0.05 for all).

Conclusion: HINS negatively influences weight change in patients with obesity and insulin resistance, and the NHINS group had
better postoperative weight loss. In terms of hypertension, dyslipidemia, and postoperative complications, there was no significant
effect of HINS.
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Obesity ranks 5th on the list of 84 risk factors affecting human health published by the Global Burden of Disease Study
(GBD)." 1t is difficult for patients with obesity to lose weight through lifestyle changes and behavioral interventions alone.
Apart from a few drugs that can be used clinically to treat morbid obesity, bariatric surgery is currently the most effective
treatment for morbid obesity.” According to IFSO’s 2018 bariatric surgery data, approximately 696,191 bariatric surgeries
were performed in 57 countries, and laparoscopic sleeve gastrectomy (LSG) was the most commonly used surgery in the
world, accounting for 55.4% of all bariatric surgeries.” Several studies have demonstrated the efficacy and safety of LSG.*?
With the large-scale application of LSG in clinical practice, the factors affecting surgical efficacy have become a new research
hotspot to obtain better surgical outcomes.

Insulin resistance (IR) is closely related to obesity, and only a fraction of patients with IR exhibit hyperinsulinemia
(HINS), while another fraction have normal fasting insulin, ie, nonhyperinsulinemia (NHINS). HINS was defined as an
excess of insulin relative to that required to maintain normal glucose (FINS>15 mU/L).® The current widely accepted
view is that hyperinsulinemia and nonhyperinsulinemia are two different periods in the development of IR, and
nonhyperinsulinemia appears earlier than hyperinsulinemia, which can be understood as IR of two different severities.
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HINS is not a reflection of insulin resistance but a result of hypersecretion of basal INS relative to the degree of IR.”
A study by Templeman et al found that the inhibition of HINS in mice led to the development of protection against
obesity® and that HINS can contribute to the development of obesity. Therefore, we designed this study to determine
whether HINS affects the results of LSG surgery for patients with obesity combined with IR. In addition, we provided
some suggestions for future clinical work.

Materials and Methods
Study Design and Participants

This was a retrospective analysis of patients who underwent LSG surgery at the First Affiliated Hospital of Wannan
Medical College between January 1, 2020, and December 31, 2021. All patients underwent an oral glucose tolerance test
(OGTT) before surgery, and insulin levels in venous blood were measured before surgery. Patients included in the study
were divided into two groups according to FINS: the HINS group with FINS > 15 mU/L or 2 h OGTT insulin (2hinsulin,
2hINS) > 80 mU/L and the NHINS group with FINS [ 15 mU/L or 2 h OGTT insulin (2hinsulin, 2hINS) < 80 mU/L.
Then, the surgical outcomes of the two groups of patients were compared. This study was conducted in accordance with
the Declaration of Helsinki.

The criteria for inclusion were as follows: (1) 30 kg/m2<BMI<60 kg/m2; (2) insulin resistance index (HOMA-IR)
>2.69,° HOMA-IR= (fasting glucosexfasting insulin)/22.5; and (3) no history of abdominal surgery. The exclusion
criteria were as follows: (1) received surgical treatment during the follow-up period; (2) LSG combined with other
abdominal surgery; (3) postoperative alcohol or drug abuse; (4) pregnancy and lactation; and (5) diabetes mellitus.

Surgical Technique

All of our patients were operated on by the same team, and the chief surgeon was experienced. The surgical method was
as follows. In the first step, we use the ultrasonic scalpel to free the greater omentum starting from the avascular zone of
the gastrocolic ligament, up to the gastroesophageal junction, and completely expose the fundus, and down to 4 cm-6 cm
from the pylorus. Then, the anesthesiologist places a 36 Fr calibration bougie into the gastric cavity through the mouth,
which is used as a template to perform a vertical partial gastrectomy and to aid in the intraoperative emptying of the
stomach. Next, the surgeon uses an articulating endoscopic linear cutter to begin resection of the gastric wall at a distance
of approximately 2—6 cm from the pylorus under the guidance of the bougie. During the procedure, we completely
resected the fundus of the stomach, which is very important for LSG. At the end of the operation, we removed the
bougie, added sutures to the gastric incision margin, removed the specimen, left a drainage tube in the abdomen, sutured
the incisions, and completed the operation.

Outcome Measurements
General clinical indicators were measured according to predetermined testing times (1 day before surgery and 1, 3, and 6
months after surgery), which included height (m), weight (kg), BMI (kg/m?), and blood pressure (mmHg). Elbow venous
blood drawn in the fasting state was used to measure FINS, fasting glucose (GLU), total cholesterol (CHOL),
triglycerides (TG), low-density lipoprotein (LDL), and high-density lipoprotein (HDL). The criteria for remission of
hypertension were systolic blood pressure <120 mmHg and diastolic blood pressure <80 mmHg when the patient was not
taking medication. Dyslipidemia remission criteria were defined as LDL < 2.60 mmol/L, TG < 1.70 mmol/L, HDL-C
>1.04 mmol/L (men) or >1.30 mmol/L (women) without pharmacological treatment. QOL was measured by the
Moorehead-Ardelt QOL Questionnaire II, with scores ranging from —3 to +3, with higher scores representing higher
QOL." %EWL and %TWL were calculated from the follow-up data, %EWL = (initial weight - follow-up weight)/(initial
weight - 25xheight®)x100%'" and %TWL = (initial weight - follow-up weight)/initial weightx100%.

The primary endpoint was the patient’s postoperative weight change, which was compared using percentage excess
weight loss (% EWL) and percentage total weight loss (%TWL). Secondary endpoints were remission of patient
comorbidities, improvement in quality of life (QOL), and incidence of postoperative complications after surgery.
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Statistical Analysis

The Shapiro—Wilk normality test was used to test the normality of the data, with normally distributed data expressed as
the mean + SD using the f-test and nonnormally distributed data expressed as the median (P55, P75) using the Mann—
Whitney U-test. Differences in categorical variables were assessed using Fisher’s exact test or the chi-square test. We
conducted Spearman correlation analysis between preoperative FINS and %EWL/%TWL. All tests were two-sided, and
P <0.05 was considered to indicate statistical significance. Statistical analyses were performed using SPSS statistical
software (version 24.0; SPSS Inc.) and R (version 3.6.3; R Foundation for Statistical Computing).

Results

Baseline Characteristics

In this study, a total of 118 patients underwent LSG at our center between | January 2020 and 31 December 2021.
Thirteen patients were diagnosed with type 2 diabetes before surgery, 3 patients underwent laparoscopic cholecystect-
omy, | patient was pregnant during postoperative follow-up, and 9 patients had imperfect follow-up; the aforementioned
patients were not included in this study. A total of 92 patients participated in this study, 59 in the HINS group and 33 in
the NHINS group. Figure 1 shows the detailed research process for this study. The mean BMI (SD) of patients in the

118 patients underwent laparoscopic sleeve gastrectomy at our center
between January 1, 2020, and December 31, 2021

26 patients excluded

3 underwent Laparoscopic cholecystectomy
| pregnancy

13 diagnosed with type 2 diabetes

9 lost to follow-up

A

92 patients enrolled

patients were divided according to fasting
insulin

A /

59 patients were included in 33 patients were included in
the HINS group the NHINS group

demographic data
analysis of data

Figure | Study Flowchart.
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HINS group was 36.60 (5.05) kg/m? and that in the NHINS group was 35.14 (3.23) kg/m?® (P=0.098). Baseline
characteristics are shown in Table 1. There was no significant difference in baseline characteristics between the study
groups before surgery.

Primary End Point

At 6 months after LSG surgery, the estimated median (P,5, P75) %EWL was 76.01 (64.40, 86.99)% for patients in the
HINS group and 92.02 (86.78, 100.88)% for patients in the NHINS group, with a significant difference (P<0.001). There
were between-group differences in the mean %TWL (mean [SD], 23.26 [7.14]% in the HINS group vs 26.80 [6.55]% in
the NHINS group; P=0.021). %EWL and %TWL were higher in the NHINS group than in the HINS group at 6 months
postoperatively, representing more postoperative weight loss in the NHINS group. The differences in mean %EWL and
%TWL between the HINS and NHINS groups were statistically significant at all time points (1, 3, and 6 months). The
detailed %EWL and %TWL data are listed in Table 2. Figure 2 compares the postoperative %EWL and %TWL of
patients in the two groups. Figures 3 and 4 show the correlation analysis of %EWL and %TWL with FINS, respectively.
%EWL was negatively associated with FINS at the postoperative follow-up time, and %TWL was not significantly
associated with FINS.

Secondary End Points

Dyslipidemia

At baseline, 27 patients (29.35%) had dyslipidemia, 18 of 59 (30.51%) in the HINS group and 9 of 33 (27.27%) in the
NHINS group. At 6 months, 7 of 18 patients (38.89%) in the HINS group and 5 of 9 (55.56%) in the NHINS group met

remission criteria, and the difference between the two groups was not statistically significant (P=0.448; Table 3).

Table | Baseline Characteristics

HINS NHINS P value
Men/Women 8/51 6127 0.554
Age,y 29.15 (7.45) 31.05 (6.30) 0.105
Weight, kg 97.25 (90.61,108.61) | 91.10 (84.49,105.40) 0.064
BMI, kg/m? 36.60 (5.05) 35.14 (3.23) 0.098
Hypertension, No.(%) | 11, (18.64%) 5, (15.15%) 0.672
Dyslipidmeia, No.(%) 18, (30.51%) 9, (27.27%) 0.744
QOL score 0.23 (0.79) 0.19 (0.98) 0.294
Height (m) .64 (1.60,1.70) 1.62 (1.58,1.69) 0.201
SBP (mmHg) 129 (122,135) 125 (118,132) 0.137
DBP (mmHg) 78 (73,83) 77 (71.,83) 0.605
FBG (mmol/L) 5.47 (5.11,5.89) 5.14 (4.91,5.55) 0.051
HbA ¢ (%) 5.70 (5.40,6.05) 5.60 (5.40,5.80) 0.094
TC (mmol/L) 478 (0.74) 472 (0.93) 0.750
TG (mmoliL) 1.93 (1.42,2.56) 1.64 (1.11,2.24) 0.106
HDL-c (mmol/L) 127 (0.19) 131 (0.19) 0.239
LDL-c (mmol/L) 2.85 (0.60) 271 (0.73) 0358
hs-CRP (mg/L) 5.92 (2.52,11.27) 3.99 (2.77,8.64) 0364
ALT (U/L) 43.00 (26.00,63.50) 31.00 (21.00,47.00) 0.085
AST (U/L) 23.00 (16.50,34.50) 20.00 (17.00,30.00) 0.401
FINS (mU/L) 30.84 (25.99,49.25) 13.96 (13.04,14.51) <0.001

Note: Data are mean (SD), % or median (P,s, Pys).

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbAlc,
glycosylated hemoglobin; TC, total cholesterol; TG, triglyceride; HDL-c, high-density lipoprotein cholesterol;
LDL-c, low-density lipoprotein cholesterol; hs-CRP, hypersensitive C-reactive protein; AST, aspartate transaminase;
ALT, alanine transaminase; FINS, fasting insulin.
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Table 2 Excess Weight Loss and Total Weight Loss Mean Differences for the
HINS Study Group and NHINS Study Group After Laparoscopic Sleeve
Gastrectomy at |, 3,and 6 Months

HINS NHINS P value
%EWL, %

| month 33.58 (28.19,40.57) | 46.30 (36.45, 56.67) <0.001

3 month 57.59 (48.75,66.61) 72.20 (58.27,84.87) <0.001

6 month 76.01 (64.40,86.99) | 92.02 (86.78,100.88) <0.001
%TWL, %

| month [1.13 (4.10) 13.26 (4.22) 0.020

3 month 18.20 (5.59) 20.74 (5.58) 0.039

6 month 2326 (7.14) 26.80 (6.55) 0.021

Note: Data are mean (SD) or median (P,s, P7s).

Hypertension

Preoperatively, the HINS group had 11 patients (18.64%), and the NHINS group had 5 patients (15.15%) with
hypertension. At 6 months postoperatively, 6 of 11 patients (54.55%) in the HINS group and 3 of 5 patients (60.00%)
in the NHINS group achieved relief from hypertension, and no significant difference was noted between the two groups
(P=1.000; Table 3).

Quality of Life

At baseline, the mean (SD) QOL scores of patients in the HINS and NHINS groups were 0.23 (0.79) and 0.19 (0.98),
respectively. At 6 months, the mean (SD) QOL score was 1.05 (0.59) in the HINS group and 1.09 (0.68) in the NHINS
group, with no significant difference between the study groups (P=0.788; Table 3). All patients had elevated QOL scores
at 6 months postoperatively, and the differences were statistically significant when comparing the total patients’
preoperative and postoperative QOL scores (P<0.001).

Complications

The complications are listed in Table 4. For this study, postoperative complications occurred in 4 (6.78%) patients in the
HINS group and 2 (6.06%) patients in the NHINS group (P=1.000). A Clavien—Dindo grade IIIb complication'* (gastric
leakage) occurred in 1 patient in the HINS group. No patients died during the postoperative follow-up time.
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Figure 2 % Excess Weight Loss and %Total Weight Loss for the Whole Study Group and by Procedure Over 6-Month Follow-up. “*, P < 0.05; *¥, P < 0.01; **¥, P < 0.001”
(A):Comparison of postoperative % Excess Weight Loss between the two groups at |, 3, and 6 months postoperatively; (B):Comparison of postoperative % Total Weight
Loss between the two groups at |, 3, and 6 months postoperatively.
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Discussion
The obesity epidemic is one of the greatest medical challenges of our time, and evidence-based medicine has demon-

strated that obesity can increase the incidence of type 2 diabetes, hypertension, and the risk of death from gastrointestinal
tumors and kidney tumors, as well as the occurrence of adverse events from related diseases.'® The development of
obesity is closely related to a hormone in the body called insulin.'* Insulin is a peptide hormone secreted by pancreatic B
cells in the pancreas that are stimulated by endogenous or exogenous substances, and insulin is mainly involved in the

Table 3 Hypertension Remission, Dyslipidemia Remission, and QOL Score
Reported for the HINS Study Group and NHINS Study Group After LSG at 6

Months
HINS NHINS P value
Dyslipidemia Remission, No.(%) 7, 38.89% 5, 55.56% 0.448
Hypertension Remission, No.(%) 6, 54.55% 3, 60.00% 1.000
QOL Score 1.05 (0.59) 1.09 (0.68) 0.788
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Table 4 Complication Reported for the HINS Study Group and
NHINS Study Group After LSG at 6 Months

Complications HINS NHINS P value
Incisional infection, No.(%) 2,(3.39) 1,(3.03) 1.000
Bleeding, No.(%) 1,(1.69) 1,(3.03) 1.000
Anastomotic leakage, No.(%) | 1,(1.69) 0,(0) 1.000
Total, No.(%) 4,(6.78) 2,(6.06) 1.000

metabolism of glucose in the body.'® In addition, insulin is also involved in various anabolic pathways in the body, such
as glycogen synthesis, lipid metabolism, DNA synthesis, gene transcription, amino acid transport, protein synthesis and
degradation.'®

When the sensitivity and responsiveness of insulin target organs or target tissues to endogenous or exogenous insulin
are reduced, it can cause systemic or local IR. IR is prevalent in patients with obesity, and existing studies have found
that this phenomenon may be associated with the accumulation of specific lipid mediators, abnormal fat deposition,
abnormal adipose tissue hormone secretion, abnormalities in linear stereotypic function, and increased emergency
activator protein c-Jun N-terminal kinase (JNK) and inflammatory pathways in patients with obesity.'”'® In patients
with obesity and IR, FINS is expressed at different levels, both HINS and NHINS. HINS has been shown to promote the
development of obesity while producing a protective effect against obesity. Through our study, we found that HINS also
had an impact on weight change after LSG in patients with obesity. The %EWL and %TWL of patients in the NHINS
group were significantly higher than those in the HINS group at the 6-month postoperative follow-up time. In
conjunction with related studies, we believe that HINS is involved in multiple metabolic pathways in the human body
and thus has an impact on postoperative weight loss. Lu Guo et al similarly found that patients with HINS lost less
weight after treatment with LSG.'® HINS is an important proinflammatory factor in patients with obesity, promoting the
development of chronic inflammation in adipose tissue and affecting local or systemic metabolic function in patients with
obesity.®** Inflammation and impaired metabolism of adipose tissue are closely related to the development of obesity. On
the other hand, HINS also promotes the proliferation of adipose tissue while inhibiting the breakdown of adipose tissue
and stimulating the expression of genes involved in lipid uptake and storage.?'* The effect of HINS on the body’s
metabolism is caused by higher concentrations of insulin in the circulating blood. In a study by Jansen, H. J. et al** It was
found that patients with type 2 diabetes had a more pronounced inflammatory state in adipose tissue after insulin
treatment. Skovso et al showed that the use of long-acting insulin analogs led to weight gain, and Lustig et al
demonstrated that the use of drugs that inhibit insulin secretion led to weight loss in people with obesity.>*** HINS
plays a role in weight protection by promoting inflammation, affecting lipid metabolism, and influencing energy
metabolism to influence weight loss after LSG, but the main mechanism by which HINS affects postoperative weight
loss is unclear. When we further analyzed the correlation of FINS with %EWL and %TWL, we found an interesting
phenomenon in which FINS was negatively associated with %EWL and not significantly associated with %TWL. The %
TWL was more influenced by the initial weight in the calculation, and we found that the %TWL distribution was more
clustered, which may have had an impact on the correlation analysis between FINS and %TWL. Although the correlation
analysis between FINS and %TWL was not statistically significant, we observed that there was a significant difference in
%TWL between the two groups of patients at the postoperative follow-up time. The effect of HINS on postoperative
weight change provides new ideas for our treatment, and we may achieve better surgical outcomes in this group of
patients if we use pharmacological interventions for HINS preoperatively.

At the same time, when we analyzed the treatment effect of dyslipidemia as well as hypertension, we found that both
groups obtained good treatment effects after surgery, and there was no significant difference in the treatment effect
between the two groups (P>0.05, for all). HINS is closely associated with the development of hypertension, which could
mediate the development of hypertension by enhancing the contractile effect of angiotensin II on the thoracic aorta and
inhibiting the diastolic effect of acetylcholine on the thoracic aorta, increasing sympathetic excitability, increasing renal
sodium reabsorption leading to water and sodium retention, and promoting smooth muscle proliferation leading to
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vascular remodeling.***® However, the results of this study found that HINS did not influence the remission of
postoperative hypertension. In the HINS group, patients with improved IR and reduced adipocytokine secretion
experienced a significant decrease in FINS in the short term after surgery; at the same time, patients experienced
significant weight loss. As the stimulation of blood pressure decreases by FINS, multiple pathways that elevate blood
pressure are inhibited, which we believe is the main reason why hypertensive patients in the HINS group can achieve
remission in the short term after surgery. On the other hand, according to Goldstein’s study, 64% of hypertensive patients
<40 years of age had significantly elevated catecholamines,” reflecting that activation of the sympathetic nervous system
is an important mechanism in the pathogenesis of hypertension in young people. The patients treated at our center were
relatively young, with a mean age of 30.29 years, which creates favorable conditions for obtaining the desired therapeutic
results in the short term after surgery in both groups. Although the difference in the treatment effect of dyslipidemia
between the two groups was not statistically significant (P=0.397), we found that postoperative remission of dyslipidemia
occurred in both groups of patients with milder dyslipidemia and that remission of dyslipidemia may be related to the
degree of preoperative dyslipidemia, which was not further demonstrated in this study.

In addition, no significant differences were found between the HINS group and the NHINS group in terms of
postoperative complications and postoperative QOL, indicating that there was no significant relationship between HINS
and the occurrence of postoperative complications and QOL.

There are some limitations of this experiment, most notably the small sample size, which may lead to some selective
bias in the statistical results; therefore, we will expand the sample size in subsequent experiments to continue the research
and improve the content. This study only investigated the short-term effects of HINS on surgical outcomes, but we are
also conducting other related studies, including a study of long-term postoperative outcomes, to supplement this study.

Conclusion

HINS negatively influences weight change in patients with obesity and insulin resistance, and the NHINS group had
more postoperative weight loss than the HINS group. In terms of hypertension, dyslipidemia, and postoperative
complications, there was no significant effect of HINS.
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