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Objective: To explore the predictors of menstrual recovery in polycystic ovary syndrome (PCOS) women with obesity following
laparoscopic sleeve gastrectomy (LSG).

Methods: A total of 88 PCOS patients with obesity and 76 control patients with obesity aged 1845 years were enrolled between
May 2013 and December 2020. PCOS was diagnosed using the Rotterdam diagnostic criteria (2003). Anthropometric measurements,
biochemical parameters, sex hormones, and circulating fibrinogen-like protein 1 (FGL-1) levels were collected before and six-month
after LSG. The data on postoperative menstrual status, body weight, and fertility were obtained through telephone follow-ups for all
individuals with PCOS.

Results: Patients with PCOS were followed up for at least six months after surgery, and the mean follow-up time was 3.23 years. At 6
months after LSG, circulating total testosterone (TT), calculated free testosterone (cFT), and FGL-1 levels declined significantly. The
mean percent excess weight loss (Y%EWL) and percent total weight loss (%TWL) in PCOS patients at the final follow-up was 97.52%
+ 33.90% and 31.65% + 10.31%, respectively. The proportion of regular menstruation in PCOS patients significantly increased within
six months (75.86% vs 0.03% at baseline). In the logistic regression analysis, time from PCOS diagnosis (P=0.007), body mass index
(BMI) (P=0.007), TT (P=0.038) at baseline were demonstrated to be independent predictive factors for the regular menstruation in
women with PCOS and obesity within 6 months after LSG.

Conclusion: In PCOS patients with obesity, time from PCOS diagnosis, BMI, and TT levels at baseline were independently and
negatively associated with menstrual recovery within 6 months after LSG, which could be applied in preoperative evaluation.
Keywords: polycystic ovary syndrome, obesity, laparoscopic sleeve gastrectomy, menstruation, fibrinogen-like protein 1

Introduction

Polycystic ovary syndrome (PCOS) is a heterogeneous disease that causes infertility and ovulatory dysfunction in women
of reproductive age. The Rotterdam criteria in 2003 recommended the diagnosis of PCOS be based on at least two of
three features: 1) clinical or biochemical hyperandrogenism; 2) oligo-anovulation; 3) polycystic ovaries.! Women of
reproductive age are affected by PCOS at a rate of 6-20%.'* Moreover, women with PCOS are predisposed to metabolic
syndrome, and 38-88% of them are overweight or obese.® Multiple studies have found that obesity amplifies and worsens
all aspects of metabolic and reproductive health in PCOS.* Bariatric surgery, which is the most effective intervention for

weight loss, has become an effective therapy for PCOS patients with obesity.>®
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Regular menstruation is an important indicator of the health of the female reproductive system and endocrine
conditions.”® Previous studies have demonstrated that menstrual irregularities and long cycles are associated with
an increased risk of type 2 diabetes (T2DM), gestational diabetes mellitus (GDM), and coronary heart disease.” '
For women with PCOS, focusing on menstruation recovery is a vital symptom of improved ovulation function and
an important sign of treatment effectiveness. Thus, changes in the menstrual status of PCOS patients with obesity
must be investigated after bariatric surgery. Previous studies with relatively small sample sizes studies have
reported that Roux-en-Y Gastric Bypass (RYGB) can reduce menstrual irregularities, ameliorate ovulatory
dysfunction, and adjust the follicular phase length in women with obesity.'>'* However, few studies have
regarded menstruation recovery as the primary endpoint in PCOS patients with obesity after laparoscopic sleeve

15717 Wwhich is the most common bariatric surgery in China (> 90%) and worldwide

gastrectomy (LSQG),
(55.4%)."%!? Furthermore, the predictive factors for menstrual recovery in PCOS patients with obesity after
bariatric surgery remain unknown. Thus, we hypothesized that some clinical indices at baseline may influence the
recovery of menstruation in PCOS patients with obesity after LSG.

Therefore, this study aimed to investigate the predictive factors of regular menstruation in PCOS patients with obesity
post-LSG. Our results may help clinicians to assess and understand the prognosis of patients with PCOS after LSG in

terms of restored menstruation.

Methods and Materials

Ethics and Trial Registration

The study protocol complied with the Declaration of Helsinki for medical studies. The Ethics Committee of the Shanghai
Tenth People’s Hospital approved the clinical research protocol of the study (approval number: SHSY-IEC-BG/05-08/
04.1), which was registered at ClinicalTrials.gov Protocol Registration System (registration number: NCT05536583). All
subjects signed an informed consent form before their data were published.

Study Design and Participants

This study enrolled 88 PCOS patients with obesity, as well as 76 age- and body mass index (BMI)-matched participants
with normal menstrual cycles who were admitted to the Department of Endocrinology, Shanghai Tenth People’s Hospital,
between May 2013 and December 2020 (Figure 1). All participants were aged 18—45 and were eligible for the indication
of the Guidelines for Metabolic and Bariatric Surgery of Obesity and T2DM in China.'® The inclusion criteria were as
follows: 1) aged 18-45 years; 2) BMI>32.5 kg/m” or BMI>27.5 kg/m* with waist circumference>85 cm.'> Exclusion
criteria included 1) pregnancy; 2) secondary obesity caused by endocrine disorders; 3) history of hysterectomy, bilateral
oophorectomy and more than one bariatric procedure; 4) severe hepatic, renal or heart dysfunction; 5) mental illnesses or
intellectual disability; 6) insufficient laboratory examination and 7) use of medications (including oral contraceptives,
antiandrogens, hypoglycemic, glucagon-like peptide-1 receptor agonist and orlistat) within one month before the
evaluation.

PCOS was diagnosed using the Rotterdam diagnostic criteria (2003),2° which incorporate two of three
characteristics: clinical or biochemical hyperandrogenism (Ferriman-Gallwey score>8; total testosterone
level>0.5 ng/mL), polycystic ovary morphology (PCOM) (=12 ovaries with a diameter of 2-9 mm per ovary, or
ovarian volume>10 c¢m?), and menstrual irregularities/ovulatory dysfunction. In accordance with the international
evidence-based guidelines for PCOS, irregular menstrual cycles were defined as menstruation occurring outside
the interval of 21 to 35 days or less than eight cycles per year.?! Among the control individuals, menstrual cycles
were normal (21 days<cycles<35 days), there were no clinical or biochemical signs of hyperandrogenism, and
gynecological ultrasound showed no signs of PCOM.

Bariatric Surgery and Follow-Up
Multidisciplinary team members (including endocrinologists, gastrointestinal surgeons, and nurses) assessed all
hospitalized participants with obesity at baseline and six months after LSG. Hospitalization follow-up means that
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Enrolled female patients with obesity evaluated preoperatively and underwent laparoscopic
sleeve gastrectomy (LSG) between May 2013 to December 2020
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Figure | The flow diagram of patient recruitment, grouping, and follow-up process.

the subjects were hospitalized for face-to-face clinical and biochemical evaluation post-op follow-up. At the time
of the final follow-up, telephone follow-up was conducted by trained endocrinology specialists to confirm,
supplement, and track data (including postoperative menstrual status, weight loss, and fertility) in all participants
with PCOS. Menstrual regularity within 6 months after LSG was defined as self-reported regular consecutive
spontaneous (>3 times) menstrual cycles (21 days<cycles<35 days) within 6 months, which continued to exist
until the final follow-up time.?> The number of menstruations per year was defined as the absolute number of
spontaneous menstruations within 12 months before the initial evaluation at the time of recruitment prior to LSG,
6 months after LSG, or the final follow-up after LSG."’

Anthropometric Parameters Evaluation

All patients underwent anthropometric measurements by trained endocrinology specialists on standard medical scales,
including body weight, height, heart rate, systolic blood pressure (SBP), diastolic blood pressure (DBP), waist circumfer-
ence, and hip circumference. The number of menstruations per year was defined as the absolute number of menstruations
during one year. Based on the 2003 Rotterdam criteria, time from PCOS diagnosis refers to the entire disease process from
the time of diagnosis in the women’s first clinical records. Preoperative hirsutism was assessed using the Ferriman-Gallwey
score in each of the nine locations of the body by two trained endocrinology specialists.>> BMI was calculated by dividing
the body weight (kg) by the square of the body height (mz). The waist-to-hip ratio (WHR) was calculated by dividing the
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waist circumference (cm) by the hip circumference (cm). After 6 months and at the final follow-up, the weight loss was
measured by percent total weight loss (% TWL) and the percent excess weight loss (%EWL). The formula for %TWL was
as follows: [(preoperative weight — last weight) / preoperative weight] x100.** The %EWL was calculated as follows:
(preoperative weight—last weight) / (preoperative weight — ideal weight to produce a BMI of 25 kg/m?) x 100.%

Metabolic Parameter Measurement

Fasting morning blood samples were collected from all subjects after at least 10 h of overnight fasting, before and after
surgery. Glycosylated hemoglobin (HbAlc), uric acid (UA), creatinine, alanine aminotransferase (ALT), aspartate
aminotransferase (AST), total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-c), and low-
density lipoprotein cholesterol (LDL-c) levels were measured. Using a 75-g oral glucose tolerance test, fasting plasma
glucose (FBQ), fasting serum insulin (FINS), postprandial plasma glucose (PBG), and postprandial insulin (PINS) levels
were measured at 0 and 120 min, respectively.”® The homeostasis model assessment of insulin resistance (HOMA-IR)
was calculated as [FBG (mmol/L) x FINS (mU/L)] / 22.5.%7

Hormone and Biochemical Parameters Assays

An immunochemiluminometric assay (Roche Diagnostics GmbH, Cot., Sandhofer, Mannheim, Germany) was used to
determine the levels of luteinizing hormone (LH), follicle-stimulating hormone (FSH), total testosterone (TT), and sex
hormone-binding globulin (SHBG). Circulating TT level was determined by the electrochemiluminescence immunoassay
(Elecsys testosterone II), intra- and interassay CV<20%, measurement range:0.025—15ng/mL. Free testosterone (cFT)
was calculated according to the formula 24.00314 x [TT] / log10 [SHBG] 0.04599 x [TT]?.® Circulating fibrinogen-like
protein 1 (FGL-1) levels were determined using human FGL-1 enzyme-linked immunosorbent assay (ELISA) kits
(CUSABIO, Wuhan, China; Catalog# CSB-E05071m).

Body Fat Distribution Measurement

Dual-energy X-ray absorptiometry (APEX 4.5.0.2, Hologic, USA) measurements offer a quick non-invasive estimation
of the percentage of total body fat (%TBF), android fat mass, and visceral adipose tissue (VAT) mass. Abdominal
subcutaneous adipose tissue (SAT) mass was determined by subtracting the VAT mass from the android fat mass.*’

Statistical Analysis

SPSS (version 25.0) and GraphPad Prism (version 8.0) were used to perform all statistical analyses. Continuous data
were presented as means and 95% confidence intervals (CI). Categorical variables were presented as percentages.
Continuous data were compared between the two groups using an independent sample #-test. Qualitative variables
were assessed using the chi-squared test. Spearman correlation test was used to analyze the association between the
two indices. Logistic regression analysis was performed in the PCOS group to explore prognostic factors for
predicting the recovery of regular menstrual cycles within 6 months after LSG. The logistic regression analyses
included variables with P<0.05 in the correlation analysis. Statistical significance was set at P<0.05.

Results

Comparison of Baseline Characteristics in PCOS Patients and Controls

A flow diagram of the patient’s selection process is shown in Figure 1. Although age, BMI, and %TBF were comparable
between patients with PCOS and controls, patients in the PCOS group had higher waist circumference, WHR, and VAT
mass than those of patients in the control group (P<0.05). The mean number of menstruations per year and the HDL-c
levels in the PCOS group were significantly lower than those in the control group (P<0.05). Moreover, patients in the
PCOS group had higher HOMA-IR, FINS, PINS, UA, ALT, AST, TG, TT, and cFT levels than those in the control group
(P<0.05). The LH/FSH and SHBG levels did not differ significantly between the two groups. PCOS patients had
significantly higher circulating FGL-1 levels than control individuals at baseline (P<0.05) (Table 1).
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Table | Clinical and Biochemical Characteristics at Baseline and 6 Months Follow Up After LSG

Items Control Group PCOS Group Baseline Changes

After LSG
Baseline 6 Months After LSG P-value | Baseline 6 Months After LSG | P-value 2 | P-value 3 | P-value 4
Mean (95% CI) Mean (95% CI) Mean (95% CI) Mean (95% CI)
(n=176) (n=38) (n= 88) (n=50)

Age at surgery (years) 30.09 (28.48, 31.71) / / 28.90 (27.75, 30.05) / / 0.223 /

Age at menarche (years) 13.00 (12.68, 13.32) / / 13.32 (12.78, 13.85) / / 0.354 /

Time from PCOS diagnosis 10.27 (8.55, 11.99) / / 11.14 (9.64, 12.65) / / 0.445 /

(years)

Duration of PCOS (years) 0 / / 5.90 (4.71, 7.10) / / <0.001#* /

Ferriman-Gallway score 5.35 (3.26, 7.45) / / 6.78 (5.70, 7.86) 6.63 (5.59, 7.66) 0.366 0.203 /

Menstruation number (no./fyr) | 11.21 (11.03, 11.39) 11.07 (1091, 11.22) 0.092 4.70 (4.11, 5.28) 7.02 (6.48, 7.57) <0.00 | ** <0.001#* <0.001**

SBP (mmHg) 134.58 (127.93, 141.24) 120.80 (115.37, 126.23) <0.001** 132.38 (128.96, 135.81) | 120.83 (116.58, 125.07) | <0.001** 0.540 0.274

DBP (mmHg) 83.49 (78.91, 88.06) 76.92 (72.40, 81.44) 0.001** 83.90 (81.04, 86.75) 77.24 (73.51, 80.96) <0.001%* 0.876 0.888

WC (cm) 111.59 (10841, 114.76) 90.73 (82.93, 98.52) <0.001** 116.34 (113.54, 119.14) | 96.62 (91.78, 101.45) <0.001%** 0.029* 0.684

HC (cm) 119.95 (117.27, 122.63) 104.14 (95.34, 112.93) <0.001** 120.94 (118.60, 123.27) | 105.85 (100.90, 110.8) 0.002%* 0.535 0.862

WHR 0.93 (0.92, 0.94) 0.87 (0.83, 0.90) 0.001* 0.96 (0.95, 0.97) 0.91 (0.89, 0.94) <0.001** 0.005* 0.929

BMI (kg/m?) 37.40 (36.10, 38.73) 27.83 (24.90, 30.76) <0.001%** 38.65 (37.48, 39.82) 28.64 (27.28, 30.20) <0.001** 0.162 0.868

%TBF 46.57 (45.56, 47.58) 39.97 (37.35, 42.59) <0.001** 47.26 (46.44, 48.08) 41.48 (39.82, 43.15) <0.001%* 0.248 0.998

VAT Mass (kg) 1.05 (0.98, 1.12) 0.62 (0.52, 0.71) <0.001** 117 (1.11, 1.24) 0.70 (0.62, 0.78) <0.001%* 0.013* 0.415

SAT Mass (kg) 3.06 (2.82, 3.29) 1.76 (1.33, 2.19) <0.001%** 3.37 (3.13, 3.61) 2.11 (1.82, 2.40) <0.00 1** 0.053 0.378

HbAlc (%) 6.12 (5.74, 6.50) 5.34 (5.12, 5.56) 0.004* 6.10 (5.76, 6.44) 5.3 (5.18, 5.42) 0.001** 0.937 0416

HOMA-IR 6.85 (5.82, 7.88) 2.19 (1.40, 2.97) <0.001** 9.36 (8.02, 10.69) 1.90 (1.60, 2.20) <0.001%* 0.004* 0.106

FBG (mmol/L) 5.98 (5.51, 6.46) 4.63 (4.32, 4.93) <0.001%** 6.52 (5.96, 7.07) 441 (4.27, 4.56) <0.00 |*#* 0.157 0.077

PBG (mmol/L) 9.14 (8.14, 10.14) 4.46 (3.71, 5.21) <0.001** 10.22 (9.29, 11.14) 4.13 (3.78, 4.49) <0.00 | ** 0.119 0.327

FINS (mU/L) 25.40 (22.17, 28.64) 9.74 (7.45, 12.01) <0.001** 32.25 (28.58, 35.92) 9.49 (8.04, 10.94) <0.00 | ** 0.007* 0.444

PINS (mU/L) 116.76 (93.95, 139.57) 19.82 (13.58, 26.06) <0.001** 170.02 (140.12, 199.91) | 38.82 (21.37, 56.27) <0.00 |** 0.005* 0.699

Uric acid (umol/L) 371.16 (352.20, 390.12) 321.91 (301.89, 341.94) 0.001** 406.54 (389.27, 423.81) | 345.38 (318.90, 371.86) | <0.001** 0.007* 0.176

Creatinine (umol/L) 59.13 (54.02, 64.23) 57.94 (54.56, 61.32) 0.965 56.35 (53.41, 59.30) 60.29 (57.07, 63.52) 0.096 0.332 0.951

ALT (U/L) 35.20 (28.27, 42.13) 12.62 (9.41, 15.83) <0.001** 56.20 (47.94, 64.46) 11.34 (9.60, 13.09) <0.001** <0.00 | ** 0.039*

AST (U/L) 26.09 (21.73, 30.45) 16.74 (13.38, 20.10) 0.006** 37.05 (31.65, 42.45) 14.16 (13.14, 15.19) <0.001** 0.002%* 0.224

TC (mmol/L) 4.54 (4.36, 4.73) 4.49 (4.18, 4.79) 0.735 4.65 (4.47, 4.82) 4.62 (4.37, 4.88) 0.868 0412 0.540

TG (mmol/L) 1.58 (1.36, 1.79) 0.92 (0.76, 1.09) <0.001** 2.03 (1.71, 2.36) 1.02 (0.85, 1.19) <0.001** 0.025% 0.351

HDL-c (mmol/L) 1.14 (1.07, 1.20) 1.18 (1.10, 1.26) 0.329 1.04 (0.98, 1.10) 1.29 (1.18, 1.40) <0.001** 0.036* 0.004**

LDL-c (mmol/L) 2.80 (2.64, 2.96) 2.83 (2.54, 3.11) 0.613 2.83 (2.67, 2.99) 2.76 (2.50, 3.03) 0.633 0.769 0.792
(Continued)
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Table | (Continued).

Items Control Group PCOS Group Baseline Changes
After LSG
Baseline 6 Months After LSG P-value | Baseline 6 Months After LSG | P-value 2 | P-value 3 | P-value 4
Mean (95% CI) Mean (95% CI) Mean (95% CI) Mean (95% CI)
(n=176) (n=38) (n= 88) (n=50)
LH/FSH 1.41 (1.20, 1.62) 1.47 (0.99, 1.95) 0.843 2.43 (1.10, 3.77) 1.48 (1.17, 1.79) 0.300 0.165 0.373
P (nmol/L) 6.32 (3.16, 9.49) 11.07 (5.28, 16.85) 0.117 3.23 (1.72, 4.75) 3.90 (1.72, 6.08) 0.609 0.082 0.850
TT (ng/mL) 1.25 (1.09, 1.41) 1.13 (0.63, 1.63) 0.575 1.63 (1.44, 1.82) 1.27 (1.04, 1.49) 0.0018** 0.002%* 0217
cFT (nmol/L) 4.81 (0.98, 8.64) 2.23 (0.42, 4.02) 0.471 11.75 (6.69, 16.81) 2.24 (1.13, 3.35) 0.005** 0.030* 0.686
SHBG (nmol/L) 23.77 (18.88, 28.67) 65.17 (23.26, 93.00) 0.027*+* 18.98 (15.26, 22.69) 61.8 (41.92, 80.08) 0.00|** 0.114 0.940
FGL-1 (ng/mL) 30.52 (20.98, 40.07) 32.41 (18.46, 46.36) 0817 41.05 (35.51, 46.58) 25.00 (20.63, 29.37) <0.001** 0.040* 0.606

Notes: Data were presented as mean and 95% confidence intervals (Cl). P-value | was a significant difference between baseline and after 6 months of LSG in control individuals. P-value 2 was a significant difference between baseline and
after 6 months of LSG in PCOS individuals. P-value 3 was a significant difference between the control group and the PCOS group before LSG. P-value 4 was a significant difference in the changes of clinical indicators before and after 6
months of LSG between the control group and the PCOS group. *Means P<0.05, **Means P<0.01.

Abbreviations: LSG, laparoscopic sleeve gastrectomy; SBP, systolic blood pressure; DBP, diastolic blood pressure; WC, Waist circumference; HC, Hip circumference; WHR, waist to hip ratio; BMI, body mass index; %TBF, the
percentage of total body fat; VAT, visceral adipose tissue; SAT, abdominal subcutaneous adipose tissue; HbAlc, glycosylated hemoglobin Alc; HOMA-IR, homeostatic model assessment insulin resistance index; FBG, fasting plasma
glucose; PBG, postprandial plasma glucose; FINS, fasting serum insulin; PINS, postprandial insulin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TC, total cholesterol; TG, triglycerides; HDL-c, high-density lipoprotein
cholesterol; LDL-c, low-density lipoprotein cholesterol; LH, luteinizing hormone; FSH, follicle-stimulating hormone; P, progesterone; TT, total testosterone; cFT, calculated free testosterone; SHBG, sex hormone-binding globulin; FGL-1,
fibrinogen-like protein 1.
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Comparison of Follow-Up Characteristics in Hospitalized Participants at 6 Months
After LSG

At 6 months postoperatively (Table 1), significant improvements in SBP, DBP, waist circumference, hip circum-
ference, WHR, BMI, %TBF, VAT Mass, SAT Mass, HbAlc, HOMA-IR, FPG, PBG, FINS, PINS, UA, ALT, AST,
TG, and SHBG were observed both in PCOS and control individuals (P<0.05). In PCOS patients, the number of
menstruations per year increased significantly from [4.70 (4.11, 5.28) to 7.02 (6.48, 7.57), P<0.001] after 6
months of LSG. Moreover, the circulating TT and cFT levels declined significantly from 1.63 (1.44, 1.82) ng/mL
to 1.27 (1.04, 1.49) ng/mL and from 11.75 (6.69, 16.81) ng/mL to 2.24 (1.13, 3.35) ng/mL in patients with PCOS,
respectively. The circulating FGL-1 levels declined significantly from 41.05 (35.51, 46.58) ng/mL to 25.00 (20.63,
29.37) ng/mL in PCOS patients. Serum HDL-c levels increased significantly in PCOS patients after 6 months of
LSG (P<0.05). The changes in menstruation number and serum ALT and HDL-c levels differed significantly
between the PCOS and control groups (P<0.05). However, no significant difference was observed in the changes
in circulating TT, cFT, and FGL-1 levels between the PCOS and control subjects.

Changes in Menstrual Status, Fertility and Weight Loss in PCOS Patients with Obesity
After LSG

All PCOS patients were followed-up at least six months after surgery, and the mean follow-up time was 3.23 years
(range, 0.61-7.95 years). In the PCOS group, the number of menstruations per year improved significantly (4.70 [4.11,
5.28) vs 10.59 [10.13, 11.06], P<0.001) at the final follow-up after LSG (Figure 2A). The proportion of regular
menstruation in PCOS patients with obesity significantly increased within six months (75.86%) and at the final follow-
up (79.52%) after LSG (P<0.05) (Figure 2B). At the 6-month postoperative follow-up, no significant difference was
observed in the number of menstruations per year in control subjects (11.21 [11.03, 11.39] to 11.07 [10.91, 11.22],
P=0.092) (Table 1). Strikingly, 16.49% of individuals with PCOS had experienced menstruation within 7 days post-
operatively. At the final follow-up, the spontaneous pregnancy, live birth, and miscarriage rates of PCOS patients were
19.31%, 17.04%, and 2.27%, respectively (data not shown).

At the 6-month postoperative follow-up, 88 PCOS patients with obesity retained a mean loss of 85.13+28.02% of
their excess weight and 27.55+6.21% of their total weight. Additionally, the mean %EWL and %TWL were 97.52
+33.90% and 31.65+10.31%, at the final follow-up (Figure 2C and D). In the Control group, patients with obesity
retained mean %EWL and %TWL of 79.64+7.28% and 24.86+ 1.76% at the 6-month follow-up postoperatively,
respectively. The weight loss did not differ significantly between women with PCOS and controls at the 6-month follow-
up (P>0.05) (data not shown).

Predictive Factors for Regular Menstruation in PCOS Patients with Obesity After LSG
Spearman correlation analysis indicated that time from PCOS diagnosis, duration of obesity, number of menstruations
per year, BMI, HOMA-IR, and TT were significantly associated with the recovery of menstruation within 6 months after
LSG (Supplementary Table 1). In the logistic regression analysis, time from PCOS diagnosis (odds ratios [OR]=0.811;
95% CI: 0.696-0.944, P=0.007), BMI (OR=0.839; 95% CI: 0.738-0.953, P=0.007), and TT (OR=0.377; 95% CI: 0.150—
0.947, P=0.038) at baseline were independent predictive factors for recovery of menstruation within 6 months after LSG
(Table 2). Even after adjusting for related confounders (including age, SBP, heart rate, AST, Fertility, and marital status),
these indicators were still significantly associated with menstruation recovery 6 months postoperatively (Table 2).

However, no association was observed between other clinical indicators (including Age, HbAlc, TC, TG, LDL-c,
HDL-c, UA, LH/FSH, SHBG, FGL-1, and body fat composition) at baseline and regular menstruation status within
six months after LSG.

Discussion
PCOS is a common reproductive endocrine disease, and most PCOS patients have different degrees of insulin resistance,
chronic inflammation, T2DM, and lipid dysfunction,'*® all of which are exacerbated by obesity. As a specific
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Figure 2 Menstrual status and weight loss in PCOS patients with obesity before and after LSG. (A) The number of menstrual cycles per year, (B) the percentage of
menstrual regularity, (C) the percent excess weight loss (%EWL), and (D) the percent total weight loss (%TWL) levels at baseline and after LSG. Calculation of percent
excess weight loss (¥EWL) was done as follows: (preoperative weight—last weight) / (preoperative weight — ideal weight to produce BMI 25 kg/m?) x 100. ;Percent total
weight loss (%TWL) was defined by the formula: (preoperative weight — last weight) / preoperative weight X 100. *means P<0.05, **means P<0.01.

Abbreviation: LSG, Laparoscopic sleeve gastrectomy.

manifestation of ovarian dysfunction, the recovery of the menstrual cycle is the primary goal of PCOS management.”'
However, few studies have reported on the prognosis of menstrual status in patients with PCOS and obesity after LSG.
To our knowledge, our study is the first to explore the predictive factors for regular menstruation in women with PCOS
and obesity after LSG.

Table 2 Binary Logistic Regression Analysis of Variables at Baseline and Menstrual Status of PCOS Patients with Obesity Within 6
Months After LSG

Variables Unadjusted Adjusted
B P-value OR 95% CI B P-value OR 95% CI

Time from PCOS diagnosis (yr) -0.210 0.007** 0.811 0.696-0.944 —0.239 0.006** 0.787 0.663-0.934
Duration of obesity (yr) 0.053 0.432 1.054 0.924-1.203 0.080 0.290 1.084 0.934-1.258
Menstruation number (no./yr) 0.198 0.210 1.218 0.895-1.659 0.251 0.166 1.285 0.929-1.778
BMI (kg/m?) —-0.176 0.007** 0.839 0.738-0.953 —0.223 0.008** 0.800 0.680-0.942
HOMA-IR —0.044 0.359 0.957 0.871-1.051 —0.015 0.849 0.985 0.840-1.154
TT (ng/mL) —0.976 0.038* 0.377 0.150-0.947 —1.263 0.023** 0.283 0.095-0.843

Notes: The unadjusted regression coefficients, p-values, odds ratio (OR), and 95% confidence interval (Cl) in the left half of the table are based on the logistic regression
analysis without adjusting for any confounding factors. The adjusted regression coefficients, p-values, OR, and 95% Cl in the right half of the table are based on the logistic
regression analysis adjusted for confounding factors, including age, systolic blood pressure, heart rate, aspartate aminotransferase, fertility, and marital status. / means
regression coefficient; *Means P<0.05; **Means P<0.01.

Abbreviations: LSG, laparoscopic sleeve gastrectomy; BMI, body mass index; HOMA-IR, homeostatic model assessment insulin resistance index; TT, total testosterone.
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In our study, despite similar ages and BMIs between the PCOS and control groups, the PCOS group had a higher waist
circumference, WHR, and VAT mass. The results generally corroborated those of previous studies revealing that PCOS
patients tend to be more centrally obese than are patients without PCOS.***? In addition, PCOS patients with obesity had
higher UA, severer insulin resistance, and lipid dysfunction than those of patients with regular menstruation and obesity at
baseline, which is consistent with previous studies showing that PCOS patients with obesity demonstrate more severe
metabolic abnormalities.** > FGL-1, as a hepatokine and adipokine, has an undeniably robust relationship with nonalcoholic
fatty liver disease, obesity, insulin resistance, and T2DM.>"** In line with our previous study, PCOS patients with obesity had
significantly higher FGL-1 levels than those of patients without PCOS.* Additionally, this study is the first to report that
circulating FGL-1 levels in PCOS patients with obesity significantly decreased 6 months after LSG, although the changes in
FGL-1 levels did not differ significantly in obese patients without PCOS. However, the underlying mechanism of this
phenomenon remains unclear, which may be attributed to the close relationship between the circulating FGL-1 and obesity-
related insulin resistance, and glucose and lipid metabolism dysfunction in patients with PCOS.?”*? Our results suggest that
higher circulating FGL-1 levels in PCOS patients were associated with higher insulin resistance based on HOMA-IR, higher
UA levels, higher TG levels, and lower HDL levels at baseline in this group compared with those in controls.

Regular menstruation is determined on the basis of the dynamic reproductive endocrine system, including ovarian
events, hypothalamic-pituitary interactions, and changes in the endometrium and myometrium.*® Therefore, menstrual
recovery is an easily ascertainable external parameter to improve ovarian function. Therefore, the menstrual status of
women with PCOS and obesity must be determined after LSG. The menstrual status in the PCOS group after LSG was
tracked via hospitalization and telephone interviews in the present study, the median follow-up time was 3.23 years. Our
data revealed that 75.86% of PCOS patients with obesity recovered from regular menstrual cycles within 6 months after
LSG, which was comparable to the data reported by previous studies.'>*! Notably, 24.66% of patients in the PCOS group
experienced their first menstruation within 7 days after LSG. However, the underlying mechanism of this phenomenon is
unclear, which may be attributed to changes in gastrointestinal hormones, insulin resistance, and the hypothalamic-
pituitary-adrenal axis immediately after LSG.*** A systematic review and Meta-analysis revealed that pregnancy rates
ranged from 95.2% to 100% after bariatric surgery in PCOS patients with obesity, which is inconsistent with our studies
(the spontaneous pregnancy and live birth rates of PCOS subjects were 19.31% and 17.04%, respectively).** This may be
due to the different marital statuses and fertility intentions of women with PCOS and obesity.

Further analyses were performed to explore the predictive factors for the regularity of menstrual cycles in PCOS
patients with obesity after LSG. Our data revealed that time from PCOS diagnosis and BMI were independent predictors
for recovering regular menstrual cycles within 6 months after LSG. These findings suggest that a shorter time from PCOS
diagnosis or lower BMI at baseline is associated with a greater likelihood of resumption of menses in PCOS patients with
obesity after LSG. Growing evidence has demonstrated that hyperandrogenemia is significantly associated with long and

irregular menstruation in women with PCOS,*>**¢

and ovarian hyperandrogenism can inhibit folliculogenesis and lead to
polyfollicular morphology.*”*® In accordance with previous studies, our findings indicate that a high circulating TT level
was an independent risk factor for the restoration of menstrual regularity in PCOS patients with obesity after LSG. This
phenomenon may be explained by the fact that hyperandrogenism greatly improves after LSG in PCOS patients with
obesity, which contributes to menstrual recovery in these patients. Large-sample multicenter studies are needed to verify
this relationship in women with PCOS and obesity after LSG.

Although the correlation analysis indicated that the duration of obesity and the number of menstruations per year were
associated with recovery of menstruation within 6 months following LSG, the association vanished after adjustment for
other confounding factors. There was no correlation between other clinical features (age, HbAlc, TC, TG, LDL-c, HDL-
¢, UA, LH/FSH, SHBG, FGL-1, and body fat composition) and the recovery of menstrual cycles in PCOS patients with
obesity after LSG. These results suggest that these clinical indicators may have a limited effect on menstruation recovery
after LSG. The %TWL and %EWL of PCOS patients with obesity had no significant correlation with menstruation
recovery at 6 months after LSG in the present study (data not shown), which was consistent with the results of a previous
prospective study.'> This clinical study observed the complete PCOS remission rate (requiring six consecutive regular
menstruation cycles or spring pregnancy) in 45 PCOS patients with obesity (mean age=28.7 years, mean BMI=35.6 kg/
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m?) after 12 months of LSG. The results revealed that the %TWL in the complete remission group showed no significant
difference in the non-remission group (34.3 [27.5-39.8] vs 30.1 [26.3-38.7], P>0.05) after 12 months of LSG.

This study had some limitations: Firstly, for non-hospitalized participants with PCOS, menstrual status and body
weight were self-reported, which might have resulted in a recall bias. Telephone follow-up to assess menstrual recovery
may lack accuracy. Secondly, the measurement of circulating TT level using immunochemiluminometric assay instead of
high-performance liquid chromatography-mass spectrometry (HPLC-MS) may lack sensitivity. Lastly, the predictive
factors identified in this study have not been verified in other populations, and future studies need to involve larger
populations of PCOS patients with obesity to confirm the accuracy and generalizability of our findings.

Conclusions

In a Chinese population of PCOS patients with obesity, the frequency of regular menstrual cycles could be greatly
improved after LSG. Time from PCOS diagnosis, BMI, and TT at baseline were independent predictive factors for
recovering menstrual cycles in PCOS patients with obesity within 6 months after LSG, which will help clinicians to
assess the prognosis of PCOS patients after LSG in terms of restored menstruation.
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