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Introduction: Polycystic ovary syndrome (PCOS) is the most common
endocrinopathy affecting reproductive-aged women. Some retrospective
studies with small sample sizes have reported that bariatric metabolic surgery
is effective in remission of irregular menstruation in patients with PCOS and
obesity. However, the correlation between preoperative body mass index (BMI),
postoperative weight loss, and remission of irreqular menstruation in patients
with obesity and PCOS after sleeve gastrectomy (SG) is lack of consensus.

Methods: We enrolled 229 participants with obesity and PCOS who underwent
SG. All patients were followed up for one year after surgery. Remission of
irreqular menstruation was defined as a spontaneous consecutive six-month
menstrual cycle in one year. Subgroup analysis was conducted using tertiles of
preoperative BMI and postoperative total weight loss (TWL)% to determine their
correlation with the remission of irregular menstruation after SG.

Results: 79.03% (181/229) patients achieved remission of irregular menstruation
one year after SG with a TWL% of 33.25 + 0.46%. No significant difference was
detected in the remission rate among the subgroups with different BMI
(P=0.908). TWL% was correlated with the remission of irregular menstruation
(OR 1.78, 95% Cl 1.18-2.69, P<0.05).

Conclusions: SG had a significant effect on the remission of irregular menstruation
in patients with obesity and PCOS. Preoperative BMI did not emerge as a decisive
factor correlated with remission; instead, TWL% showed potential as a key factor.
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obesity, total weight loss, polycystic ovary syndrome, sleeve gastrectomy, irregular
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1 Introduction

Polycystic ovary syndrome (PCOS) is the most common
endocrinopathy affecting reproductive-aged women with a 10%-
13% prevalence (1), accounting for nearly 80% of infertility cases
(2). The clinical presentation of PCOS is complex, with
reproductive, metabolic, and psychological features that impact
across the lifespan (3). Among the typical characteristics of
PCOS, irregular menstruation is a key concern for patients
because of infertility and an increased risk of endometrial cancer.
PCOS is strongly associated with obesity and other metabolic
disorders. More than 60% of women with PCOS are estimated to
be overweight or obese (4). Obesity further amplifies and worsens
all the metabolic and reproductive outcomes of PCOS (5).

Weight management is recommended as the mainstay treatment
for PCOS (1), and symptoms commonly improve with 5%-10% weight
loss (6). However, when combined with morbid obesity, the required
25%-50% weight loss is difficult to achieve, depending on lifestyle or
medical treatment (7). In addition, patients with PCOS and obesity
tend to respond poorly to pharmacological treatments for ovarian
stimulation and assisted reproductive technology (8). Therefore, the
traditional treatment methods for patients with PCOS and morbid
obesity have encountered dilemmas.

As the most effective and reliable treatment for morbid obesity,
bariatric metabolic surgery (BMS) also results in greater improvement
in obesity-related comorbidities, including type 2 diabetes,
hypertension, dyslipidemia, sleep apnea, and osteoarthritis, than non-
surgical treatment (9). Sleeve gastrectomy (SG) is the most common
bariatric metabolic procedure, accounting for more than 60% of both
total and primary procedures globally (10). Previous studies with small
sample sizes reported that BMS was effective for PCOS in terms of
improving ovulatory dysfunction, hyperandrogenism, and infertility
(11-13). However, BMS is still conditionally recommended for patients
with PCOS and obesity in the 2023 International Assessment and
Management of PCOS owing to the absence of high-level evidence (1).
Moreover, although a correlation between PCOS and obesity has been
confirmed, there is no consensus on whether the degree of preoperative
obesity influences PCOS improvement after BMS. Further research is
required to elucidate the effect of postoperative weight loss on the
prognosis of postoperative PCOS.

To confirm the efficacy of SG in patients with PCOS and
obesity, we conducted a prospective multi-center cohort named
“Sleeve Gastrectomy for Obese Polycystic Ovary Syndrome”
(SGOP). Based on the subdatasets of the SGOP cohort, the
current study aimed to investigate the correlation of preoperative
BMI and postoperative weight loss with remission of irregular
menstruation after SG.

2 Materials and methods
2.1 Study design and patients

Beginning in January 2020, patients in the SGOP cohort were
prospectively recruited at Qilu Hospital of Shandong University
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(Center A) in Jinan, Shandong province and First Affiliated
Hospital of Shandong First Medical University (Center B) in
Jinan, Shandong province. Among the SGOP serial studies, the
SGOP-01 study aimed to compare the efficacy of SG with that of
drug therapy, and was registered in the Chinese Clinical Trial
Registry with the identification number ChiCTR1900026845.

A subset of patients from the SGOP-01 study was recruited for
the current study. The current study was approved by the Medical
Ethics Committee of Qilu Hospital of Shandong University. The
inclusion criteria of this study were as follows: (1) BMI>32.5 kg/m*
or BMI>27.5kg/m* combined with diabetes or two components of
metabolic syndrome, (2) aged 18-42 years, and (3) PCOS with
irregular menstruation. PCOS was diagnosed based on the 2003
Rotterdam criteria (14). Patients who received pharmacological
treatment for PCOS, had previously undergone BMS, had
incomplete preoperative data, or had poorly controlled
psychological disorders were excluded.

All patients were followed up for at least one year after SG.
Remission of irregular menstruation was defined as a spontaneous
consecutive six-month menstrual cycle (21-35 days) in one year
after SG.

2.2 Procedure and follow-up

All SG procedures at each center were performed by the same
experienced bariatric and metabolic teams. The surgical process was
consistent with that previously described (15). All sleeve
gastrectomy at each center was performed laparoscopically by the
same experienced bariatric and metabolic teams. Briefly, the greater
curvature was dissected free from the momentum starting 2-4 cm
from the pylorus and up to the angle of His, with a tubular sleeve
created using a 36-Fr bougie. All the patients received suggestions
for postoperative diet and exercise. Weight reduction and menstrual
status were recorded each month after SG. The total weight loss
(TWL)% was calculated to evaluate weight loss.

2.3 Biochemical analysis

Sex hormone, thyroid function, blood lipid analysis, and fasting
plasma glucose (FPG) levels were measured using a Roche Cobas
8000 modular analyzer system (Roche Diagnostics, IN, USA).
Plasma insulin and C-peptide levels were determined using a
two-site enzymatic assay with a Tosoh 2000 Autoanalyzer (Tosoh
Corp., Tokyo, Japan). Homeostatic model assessment of insulin
resistance (HOMA-IR) was performed as follows: fasting insulin
(mU/mL) x FPG (mmol/L)/22.5 (16).

2.4 Oral glucose tolerance test
After fasting overnight, the participants underwent a 2-h oral

glucose tolerance test (OGTT) (75 g of glucose in 250 mL of water).
Blood samples were collected in chilled EDTA tubes at 0, 30, 60, and
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120 min after glucose intake. The areas under the curve (AUC) of
glucose and insulin levels during the OGTT were calculated using
the trapezoidal method.

2.5 Body composition via dual-energy
X-ray absorptiometry

Body composition was determined via DEXA using the
HOLOGIC DELPHI system with QDR software, v.11.1 (Hologic,
Bedford, MA, USA). Four trained and certified personnel
performed whole-body scans. Body fat ratio was calculated as fat
volume/body volume, and body lean percentage was calculated as
lean mass/body mass.

2.6 Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics
Version 25.0 for Windows (SPSS Inc, Chicago, IL, USA).
Continuous variables are presented as the mean + SEM, or as the
median with the interquartile range. One-way analysis of variance
(ANOVA), the Kruskal Wallis H test, t-test and the Mann-Whitney
U test were used to compare continuous variables and differences in
mean values. The chi-square test was used to compare differences in
menstrual outcomes among the groups. The TWL% changes over
time among groups were analyzed using two-way ANOVA,
followed by the Bonferroni post hoc test, and the results were
reported as “P by group, ®P over time, and “P due to the
interaction of the two factors. Univariate logistic regression
analysis was performed to assess the correlation between TWL%
and remission of irregular menstruation. In all analyses, P<0.05 was
considered statistically significant.

3 Results
3.1 Participants

Between January 8, 2020, and July 1, 2022, a total of 229 patients
(mean [SEM] age, 28.68 [0.35] years; mean [SEM] BMI, 40.91 [0.44]
kg/m?) with oligo-/anovulatory PCOS and obesity underwent SG in
centers A and B (Figure 1). All patients completed at least one-year
follow-up.

3.2 Participants’ baseline characteristics

All participants were divided according to tertiles of baseline
BMI (group A, <37.65 kg/mz; group B, >37.66, <42.98 kg/mz; group
C, >42.99 kg/mz), and participants’ characteristics are shown in
Table 1. The waist-hip ratio (WHR), body fat ratio, and body lean
percentage were significantly different among groups A, B, and C
(P<0.05). No significant differences were detected among the three
groups with respect to glycolipid metabolism, thyroid function, or
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SGOP-01 Cohort
n=472

42 patients excluded
with regular menstruation (n=42)

January, 2020-July, 2022
n=258

19 patients excluded
received pharmacological treatment (n=11)
previously undergone BMS (n=1)
incomplete preoperative data (n=5)
had poorly controlled psychological disorders (n=2)

Patients enrolled
n=239

Laparoscopic sleeve gastrectomy
n=239

Analyzed
n=229
FIGURE 1

Flowchart of study participants.

10 patients lost to follow-up

sex hormone levels, except anti-mullerian hormone (AMH)
(P<0.01). As BMI increased, AMH levels decreased, and there was
a significant difference between groups A and C (P<0.01).

3.3 Weight loss effect after SG

The mean ( + SEM) TWL% at 1, 3, 6, and 12 months after SG
were 12.27 £+ 0.21%, 21.90 £ 0.33%, 29.46 + 0.40%, and 33.25 +
0.46%, respectively. Overall, TWL% showed an upward trend
within 1 year after SG. There were no significant differences
among the three groups at 1,3,6, and 12 months after SG
(Figure 2). The results indicated that the preoperative BMI did
not correlate with postoperative weight loss effect.

3.4 Remission of irregular menstruation
after SG

After SG, 79.03% (181/229) and 20.97% (48/229) of the patients
did and did not achieve remission of irregular menstruation in the one-
year follow-up, respectively (Figure 3). It follows that SG achieved
significant remission of irregular menstruation in patients with oligo-/
anovulatory PCOS. Patients who achieved remission seven months
after SG initiated menstruation within the first month after surgery.
Regular menstrual cycles were initiated within the first and third
months in 31.0% (71/229) and 60.7% (139/229) of patients,
respectively. Interestingly, the patients who did not initiate regular
menstruation within six months after SG continued to face this
challenge for up to one year after SG. Therefore, the effect of SG on
menstrual remission can be observed in the early postoperative period,
and most patients with oligo-/anovulatory PCOS are sensitive to SG.

3.5 Correlation between preoperative BMI
and remission of irregular menstruation
after SG

The remission rates of irregular menstruation in groups A, B, and
C were 80.52%, 77.63%, and 78.95%, respectively. No significant
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TABLE 1 Baseline characteristic of participants with obesity and oligo-/anovulatory polycystic ovary syndrome.

Variables Par:;(?it;elmts Br\(/iill'oup A (n=77) > Group B (n=76) > Group C (n=76) » | PValue
(n=229) < 37.65 kg/m= BMI > 37.66, < 42.98 kg/m= BMI > 42.99 kg/m
Age, years 28.68 + 0.35 28.88 + 0.54 28.46 + 0.67 28.70 + 0.63 0.89
BMI, kg/m2 40.31(35.96, 44.64) 35.05(32.99, 35.96) 40.32(39.05, 41.74)** 46.40(44.86, 50.78)"" & <0.01
WHR 0.94 + 0.01 0.93 +0.01 0.94 £ 0.01 0.96 + 0.01" 0.04
Body fat ratio, % 43.75 £ 0.31 41.54 + 0.44 43.95 + 0.54** 45.78 + 0.50"" & <0.01
Body lean percentage, % 51.71 £ 0.33 54.66 + 0.36 51.81 + 0.60** 48.64 + 0.50"% && <0.01
Testosterone, nmol/L 1.76 + 0.05 1.74 £ 0.09 1.83 £ 0.09 1.69 + 0.09 0.56
Estradiol, pmol/L 140.00(62.48, 195.10) 123.40(59.34, 174.44) 134.05(62.18, 213.30) 145.60(80.51, 193.35) 0.56
Progesterone, nmol/L 0.42(0.16, 0.77) 0.50(0.19, 1.03) 0.42(0.16, 0.78) 0.38(0.16, 0.70) 0.30
Prolactin, ulU/ml 283.90 283.90(200.13, 391.35) 265.45(227.51, 457.28) 288.15(203.80, 408.20) 0.53
(213.40, 411.70)
AMH, ng/ml 491 £ 0.19 5.67 + 0.36 4.97 + 0.34 4.07 + 0.25" <0.01
LH, mIU/ml 8.38 + 0.31 8.58 + 0.61 8.30 + 0.56 8.25 + 0.44 0.90
FSH, mIU/ml 5.08 +0.11 4.99 £ 0.19 491 £0.19 534 +0.17 0.22
LH/FSH 1.70 £ 0.06 1.81 £0.13 1.72 £ 0.10 1.59 £ 0.08 0.38
FT3, pmol/L 5.07 £ 0.07 5.09 + 0.16 5.09 + 0.08 5.04 £ 0.09 0.94
FT4, pmol/L 15.26 £ 0.19 15.58 + 0.40 14.87 £ 0.28 15.32 £ 0.32 0.32
TSH, ulU/ml 2.99 + 0.44 2.47 +£0.19 2.68 +£0.18 383 +1.29 0.40
FPG, mmol/L 6.43 +0.20 6.36 + 0.36 6.26 + 0.35 6.66 + 0.33 0.69
Fasting C-peptide, ng/ml 3.60 + 0.14 3.45+0.23 3.60 + 0.28 3.75+0.21 0.69
Fasting insulin, uIU/ml 33.99 +2.22 32.84 + 3.08 38.14 + 5.46 31.02 + 2.31 0.40
HbAI. % 6.49 + 0.10 6.41 +0.20 6.34 +0.17 6.73 £ 0.16 0.25
HOMA-IR 6.87(4.63, 11.46) 6.91(4.13, 11.03) 6.70(4.36, 10.62) 7.37(5.34, 11.85) 0.32
AUCqicoe 21.28 + 0.55 20.97 + 0.93 20.88 + 1.01 22.00 + 0.90 0.66
AUCinsulin 231.14 + 8.13 235.51 +15.36 246.02 + 12.54 211.83 + 14.07 0.22
Triglyceride, mmol/L 1.59(1.23, 2.33) 1.80(1.31, 2.85) 1.56(1.27, 2.24) 1.53(1.05, 2.00) 0.08
Total cholesterol,

mmol/L 4.80 £ 0.06 4.80 £ 0.11 4.73 £ 0.09 4.87 £0.11 0.63
HDL-C, mmol/L 1.05(0.94, 1.16) 1.03(0.91, 1.14) 1.05(0.95, 1.17) 1.06(0.95, 1.17) 0.87
Non-HDL-C, mmol/L 3.64(3.16, 4.22) 3.72(3.16, 4.29) 3.59(3.25, 4.01) 3.66(3.13, 4.44) 0.84
NEFA, umol/dL 68.71 + 1.35 65.10 + 2.65 68.73 + 1.88 72.34 + 2.39 0.09

Data are presented as mean + SE, or median (25th percentile, 75th percentile). *P < 0.05, **P < 0.01 Group A vs. Group B;#P < 0.05, ##P < 0.01 Group A vs. Group G;&P < 0.05, &&P < 0.01 Group
B vs. Group C.

WHR, waist hip ratio; AMH, anti-mullerian hormone; LH, luteinizing hormone; FSH, follicle-stimulating hormone; FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyroid stimulating
hormone; FPG, fasting plasma glucose; HbAlc, glycated hemoglobin; HOMA-IR, homeostatic model assessment of insulin resistance; AUC, area under the curve; HDL-C, high density
lipoprotein-cholesterol; NEFA, nonesterified fatty acid.

difference was detected among groups A, B, and C with respecttothe 3.6 Correlation between TWL% and

remission rate (Figure 4A). Furthermore, there was no significant  remission of irregu[ar menstruation
difference between patients with remission and without remission  gfter SG

with respect to preoperative BMI (Figure 5A). Thus, there was no

correlation between preoperative BMI and postoperative remission of To further investigate the correlation between weight loss effect
irregular menstruation in patients with PCOS and obesity. and remission of irregular menstruation, all participants were
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TWL%

40
“p=0.136

2p<0.001
€p=0.117

-©- Group A(BMI < 37.65kg/m?)
¢ Group B(BMI > 37.66, < 42.98kg/m?)
A Group C(BMI > 42.99kg/m2)

30

20

Months after SG

FIGURE 2

The total weight loss percentage of the three groups with different
class of preoperative body mass index up to one year after sleeve
gastrectomy. Total weight loss percentage was defined as weight
loss/baseline weight *100%. AP by group, & P over time, and “P due
to the interaction of the two factors.

divided according to tertiles of TWL% at one year after SG (group
D, <30.27%; group E >30.28%, <35.71%; group F >35.72%). The
chi-square test results showed that there was a significant difference
among groups D, E, and F with respect to remission rate (P<0.05)
(Figure 4B). The result of univariate logistic regression analysis
confirmed that TWL% at one year after SG [odds ratio (OR) 1.78,
95% confidence interval (CI) 1.18-2.69, P < 0.05] was a potential key
factor that impacted remission of irregular menstruation after SG.
And patients with remission of irregular menstruation had a higher
TWL% at one year after SG compared to patients without remission
(P<0.05) (Figure 5B).

4 Discussion

The principal finding of the current study is that SG is effective
in the treatment of PCOS with a 79.03% remission of irregular
menstruation one year after surgery. Furthermore, TWL%, rather
than preoperative BMI, correlated with the remission after SG.

Irregular menstruation is a key concern in patients with PCOS
even beyond infertility partially because of the increased risk of

100 -
80+
60 -
40+

20+

o
L

Percentage of patients achieved remission
of irregular menstruation ( %)

7 8 9 10 11 12
Months after SG

FIGURE 3
The percentage of patients achieved remission of irregular
menstruation after sleeve gastrectomy.
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endometrial cancer (17). This study showed that 79.03% (181/229)
of the patients achieved remission of irregular menstruation after
SG, which is similar to that of a previous Chinese single-center
study (78% remission rate) and higher than that of a study from
Iran (66% remission rate) (18, 19). Another Chinese study by Meili
Cai et al. (20) reported that 78.56% of patients achieved remission of
irregular menstruation within six months after SG. The definition of
remission in the study above required a consecutive three-month
menstrual cycle (20). Limited by small sample sizes and
inconsistency of remission standard of aforementioned studies,
although the efficacy of BMS in the treatment of PCOS has been
elucidated, it is underemphasized in present PCOS treatment
guidelines. Our study, based on a prospective PCOS cohort with
largest sample size, further confirmed that SG is effective in the
treatment of irregular menstruation in Chinese patients with PCOS.

Considering that patients with PCOS and obesity have a more
severe phenotype than those with PCOS and normal weight,
including more severe menstrual irregularities and infertility
(7, 21), it is reasonable to hypothesize that differences exist in
menstrual remission after SG among patients with different
preoperative body mass index (BMI) classes. To investigate this
issue, we divided patients the into three groups (A, B, and C)
according to tertiles of preoperative BMI. Surprisingly, our results
indicated that no significant differences were detected among the
three groups with respect to the remission rate. Obesity is the most
common cause of insulin resistance and compensatory
hyperinsulinemia, which are the primary pathological features of
PCOS. Previous studies have demonstrated that insulin resistance
plays a role in determining the degree of menstrual irregularity in
patients with PCOS (22, 23). However, in the current study, for
PCOS patients with an average BMI of 40.91 kg/m”, no significant
differences were observed in HOMA-IR and AUC;,gyin of OGTT
values among the different BMI groups; therefore, it is reasonable
for these patients to have a similar response to SG in the remission
of irregular menstruation. This result further confirms that
although obesity plays an important role in the occurrence and
development of PCOS, the degree of obesity is not a key factor
determining postoperative menstrual outcomes in patients
undergoing SG.

Effective and sustained weight loss is the most fundamental
change after SG. The follow-up results of this study also showed that
patients with PCOS and obesity achieved an average TWL% of
33.25 £ 0.46% (with the range of 16.91% to 58.95%) 1 year after SG.
This result was similar to that of a Chinese study (n=41) focusing on
patients with PCOS and obesity, with an approximate TWL% of
33.38% (18). Furthermore, our study showed that the greater the
TWL% achieved one year after SG, the greater the likelihood of
remission of irregular menstruation. Hu et al. (18) concluded that
endpoint BMI, rather than baseline BMI, is associated with the
remission of irregular menstruation after SG. However, for patients
with PCOS and obesity with an average BMI of 40.91 kg/m* and a
maximum BMI of 73.35kg/m’, it is unrealistic to simply pursue
endpoint BMI without considering the difficulty of weight loss
caused by baseline BMI. In our opinion, TWL%, which could reflect
the magnitude of weight loss and concomitant metabolic changes,
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The compare of preoperative body mass index (A) and total weight loss percentage (B) between patients with complete remission and non-

remission of irregular menstruation one year after sleeve gastrectomy.

should be a better index for predicting remission of irregular
menstruation after SG than the endpoint BMI.

BMS is superior to drug therapy for reducing hyperinsulinemia,
and improving insulin sensitivity (24), both of which are optimal for
treating PCOS. Improvement in insulin resistance, reduction of
inflammatory markers, and loss of abdominal fat caused by sufficient
weight loss can disrupt the vicious feedback cycle among obesity,
inflammatory adipokines, and hyperinsulinemia, thereby improving
menstrual irregularity (25-28). However, it is noteworthy that 60.7% of
patients initiated regular menstruation within the third month after SG
without sufficient weight loss, indicating the existence of a weight loss-
independent effect of SG, which was similar to the mechanisms of
diabetes remission after BMS.

To our knowledge, our study elucidated the correlation of
postoperative menstrual remission with TWL% and preoperative BMI
in patients with PCOS and obesity based on a multi-center cohort with
the largest sample sizes. However, the participants were divided into
groups based on tertiles of preoperative BMI and TWL% rather than
international or Asian standards, which may limit the generalizability of
the study results. Furthermore, a longer follow-up period is required to
evaluate long-term effects and pregnancy outcomes.
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The present study further confirmed that SG has a significant
effect on menstruation remission in patients with obesity and
PCOS. Preoperative BMI was not a decisive factor that correlated
with remission; instead, TWL% emerged as a potential key factor.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding authors.

Ethics statement

The studies involving humans were approved by the Medical
Ethics Committee of Qilu Hospital of Shandong University. The
studies were conducted in accordance with the local legislation and
institutional requirements. The participants provided their written
informed consent to participate in this study.

frontiersin.org


https://doi.org/10.3389/fendo.2024.1355703
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Zhao et al.

Author contributions

YZ: Data curation, Formal analysis, Investigation, Methodology,
Project administration, Software, Writing — original draft, Validation.
SX: Data curation, Formal analysis, Writing - original draft. TL:
Formal analysis, Writing - original draft, Methodology, Project
administration, Software, Validation. JS: Formal analysis,
Investigation, Methodology, Writing - original draft. TZ: Data
curation, Methodology, Writing — original draft. SML: Supervision,
Writing - review & editing. MZ: Supervision, Writing — review &
editing. SZ: Conceptualization, Supervision, Writing - review &
editing. XH: Writing - review & editing, Funding acquisition, Project
administration, Validation. SZL: Writing - review & editing,
Conceptualization, Funding acquisition, Project administration,
Resources, Supervision, Validation, Visualization.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This study
was funded by grants from the National Natural Science Foundation of
China (82100853), the Natural Science Foundation of Shandong
Province of China (ZR2019MHO013, ZR2021QH028), the Clinical
Research Project of Shandong University (2020SDUCRCC024), and
the Bethune Charitable Foundation (HZB-20190528-9).

References

1. Teede HJ, Tay CT, Laven J, Dokras A, Moran L], Piltonen TT, et al.
Recommendations from the 2023 international evidence-based guideline for the
assessment and management of polycystic ovary syndromet. Hum Reprod. (2023)
38:1655-79. doi: 10.1210/clinem/dgad463

2. Zhang ], Bao Y, Zhou X, Zheng L. Polycystic ovary syndrome and mitochondrial
dysfunction. Reprod Biol Endocrinol. (2019) 17:67. doi: 10.1186/s12958-019-0509-4

3. Joham AE, Norman R]J, Stener-Victorin E, Legro RS, Franks S, Moran LJ, et al.
Polycystic ovary syndrome. Lancet Diabetes Endocrinol. (2022) 10:668-80.
doi: 10.1016/52213-8587(22)00163-2

4. Teede HJ, Tay CT, Joham AE. Polycystic ovary syndrome: an intrinsic risk factor
for diabetes compounded by obesity. Fertil Steril. (2021) 115:1449-50. doi: 10.1016/
j.fertnstert.2021.03.024

5. Legro RS. Obesity and PCOS: implications for diagnosis and treatment. Semin
Reprod Med. (2012) 30:496-506. doi: 10.1055/5-00000072

6. Teede H, Deeks A, Moran L. Polycystic ovary syndrome: a complex condition
with psychological, reproductive and metabolic manifestations that impacts on health
across the lifespan. BMC Med. (2010) 8:41. doi: 10.1186/1741-7015-8-41

7. Glueck CJ, Goldenberg N. Characteristics of obesity in polycystic ovary syndrome:
Etiology, treatment, and genetics. Metabolism. (2019) 92:108-20. doi: 10.1016/
j.metabol.2018.11.002

8. Balen AH, Morley LC, Misso M, Franks S, Legro RS, Wijeyaratne CN, et al. The
management of anovulatory infertility in women with polycystic ovary syndrome: an
analysis of the evidence to support the development of global WHO guidance. Hum
Reprod Update. (2016) 22:687-708. doi: 10.1093/humupd/dmw025

9. Arterburn DE, Telem DA, Kushner RF, Courcoulas AP. Benefits and risks of
bariatric surgery in adults: A review. JAMA. (2020) 324:879-87. doi: 10.1001/
jama.2020.12567

10. IFSO. 7th IFSO Global Registry Report. Available online at: https://www.ifso.
com/pdf/ifso-7th-registry-report-2022.

11. Yue W, Huang X, Zhang W, Li §, Liu X, Zhao Y, et al. Metabolic surgery on
patients with polycystic ovary syndrome: A systematic review and meta-analysis. Front
Endocrinol (Lausanne). (2022) 13:848947. doi: 10.3389/fendo.2022.848947

Frontiers in Endocrinology

10.3389/fendo.2024.1355703

Acknowledgments

The authors thank the nursing staff of the Department of
General Surgery, Qilu Hospital of Shandong University and First
Affiliated Hospital of Shandong First Medical University, for their
expert assistance in performing the study, and all the patients
included and their families for their cooperation.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

12. Luo P, Su Z, Li P, Wang G, Li W, Sun X, et al. Effects of sleeve gastrectomy on
patients with obesity and polycystic ovary syndrome: a meta-analysis. Obes Surg. (2023)
33:2335-41. doi: 10.1007/s11695-023-06617-z

13. Tian Z, Zhang YC, Wang Y, Chang XH, Zhu HL, Zhao Y. Effects of bariatric
surgery on patients with obesity and polycystic ovary syndrome: a meta-analysis. Surg
Obes Relat Dis. (2021) 17:1399-408. doi: 10.1016/j.s0ard.2021.04.009

14. Rotterdam ESHRE/ASRM-Sponsored PCOS consensus workshop group. Revised
2003 consensus on diagnostic criteria and long-term health risks related to polycystic ovary
syndrome (PCOS). Hum Reprod. (2004) 19:41-7. doi: 10.1093/humrep/deh098

15. Huang X, Zhao Y, Liu T, Wu D, Shu J, Yue W, et al. B-cell function and insulin
dynamics in obese patients with and without diabetes after sleeve gastrectomy.
Diabetes. (2023), db221048. doi: 10.2337/figshare.23152325.v1

16. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC.
Homeostasis model assessment: insulin resistance and beta-cell function from fasting
plasma glucose and insulin concentrations in man. Diabetologia. (1985) 28:412-9.
doi: 10.1007/BF00280883

17. Gibson-Helm M, Teede H, Dunaif A, Dokras A. Delayed diagnosis and a lack of
information associated with dissatisfaction in women with polycystic ovary syndrome.
J Clin Endocrinol Metab. (2017) 102:604-12. doi: 10.1210/jc.2016-2963

18. Hu L, Ma L, Xia X, Ying T, Zhou M, Zou S, et al. Efficacy of bariatric surgery in
the treatment of women with obesity and polycystic ovary syndrome. J Clin Endocrinol
Metab. (2022) 107:¢3217-29. doi: 10.1210/clinem/dgac294

19. Alamdari NM, Sadegh GHM, Farsi Y, Besharat S, Hajimirzaie SH, Abbasi M.
The impact of sleeve gastrectomy on polycystic ovarian syndrome: a single-center 1-
year cohort study. Ir ] Med Sci. (2023). doi: 10.1007/s11845-023-03488-2

20. Cai M, Zhang Y, Gao J, Dilimulati D, Bu L, Cheng X, et al. Predictive factors of
menstrual recovery after laparoscopic sleeve gastrectomy in polycystic ovary syndrome
women with obesity. Diabetes Metab Syndr Obes. (2023) 16:1755-66. doi: 10.2147/
DMSO0.5411573

21. Glueck CJ, Goldenberg N, Pranikoff J, Khan Z, Padda J, Wang P. Effects of
metformin-diet intervention before and throughout pregnancy on obstetric and
neonatal outcomes in patients with polycystic ovary syndrome. Curr Med Res Opin.
(2013) 29:55-62. doi: 10.1185/03007995.2012.755121

frontiersin.org


https://doi.org/10.1210/clinem/dgad463
https://doi.org/10.1186/s12958-019-0509-4
https://doi.org/10.1016/S2213-8587(22)00163-2
https://doi.org/10.1016/j.fertnstert.2021.03.024
https://doi.org/10.1016/j.fertnstert.2021.03.024
https://doi.org/10.1055/s-00000072
https://doi.org/10.1186/1741-7015-8-41
https://doi.org/10.1016/j.metabol.2018.11.002
https://doi.org/10.1016/j.metabol.2018.11.002
https://doi.org/10.1093/humupd/dmw025
https://doi.org/10.1001/jama.2020.12567
https://doi.org/10.1001/jama.2020.12567
https://www.ifso.com/pdf/ifso-7th-registry-report-2022
https://www.ifso.com/pdf/ifso-7th-registry-report-2022
https://doi.org/10.3389/fendo.2022.848947
https://doi.org/10.1007/s11695-023-06617-z
https://doi.org/10.1016/j.soard.2021.04.009
https://doi.org/10.1093/humrep/deh098
https://doi.org/10.2337/figshare.23152325.v1
https://doi.org/10.1007/BF00280883
https://doi.org/10.1210/jc.2016-2963
https://doi.org/10.1210/clinem/dgac294
https://doi.org/10.1007/s11845-023-03488-2
https://doi.org/10.2147/DMSO.S411573
https://doi.org/10.2147/DMSO.S411573
https://doi.org/10.1185/03007995.2012.755121
https://doi.org/10.3389/fendo.2024.1355703
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Zhao et al.

22. Niu J, Lu M, Liu B. Association between insulin resistance and abnormal
menstrual cycle in Chinese patients with polycystic ovary syndrome. J Ovarian Res.
(2023) 16:45. doi: 10.1186/s13048-023-01122-4

23. Ezeh U, Ezeh C, Pisarska MD, Azziz R. Menstrual dysfunction in polycystic ovary
syndrome: association with dynamic state insulin resistance rather than hyperandrogenism.
Fertil Steril. (2021) 115:1557-68. doi: 10.1016/j.fertnstert.2020.12.015

24. Schauer PR, Bhatt DL, Kirwan JP, Wolski K, Brethauer SA, Navaneethan SD,
et al. Bariatric surgery versus intensive medical therapy for diabetes—3-year outcomes.
N Engl ] Med. (2014) 370:2002-13. doi: 10.1056/NEJMo0al1401329

25. Holte], Bergh T, Berne C, Wide L, Lithell H. Restored insulin sensitivity but persistently
increased early insulin secretion after weight loss in obese women with polycystic ovary
syndrome. J Clin Endocrinol Metab. (1995) 80:2586-93. doi: 10.1210/jcem.80.9.7673399

Frontiers in Endocrinology

08

10.3389/fendo.2024.1355703

26. Huber-Buchholz MM, Carey DG, Norman RJ. Restoration of reproductive
potential by lifestyle modification in obese polycystic ovary syndrome: role of insulin
sensitivity and luteinizing hormone. J Clin Endocrinol Metab. (1999) 84:1470-4.
doi: 10.1210/jc.84.4.1470

27. Escobar-Morreale HF, Botella-Carretero JI, Alvarez-Blasco F, Sancho ], San
Millan JL. The polycystic ovary syndrome associated with morbid obesity may resolve
after weight loss induced by bariatric surgery. J Clin Endocrinol Metab. (2005) 90:6364—
9. doi: 10.1210/jc.2005-1490

28. Abiad F, Khalife D, Safadi B, Alami R, Awwad J, Khalifeh F, et al. The effect of
bariatric surgery on inflammatory markers in women with polycystic ovarian
syndrome. Diabetes Metab Syndr. (2018) 12:999-1005. doi: 10.1016/j.dsx.
2018.06.013

frontiersin.org


https://doi.org/10.1186/s13048-023-01122-4
https://doi.org/10.1016/j.fertnstert.2020.12.015
https://doi.org/10.1056/NEJMoa1401329
https://doi.org/10.1210/jcem.80.9.7673399
https://doi.org/10.1210/jc.84.4.1470
https://doi.org/10.1210/jc.2005-1490
https://doi.org/10.1016/j.dsx.2018.06.013
https://doi.org/10.1016/j.dsx.2018.06.013
https://doi.org/10.3389/fendo.2024.1355703
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Total weight loss rather than preoperative body mass index correlates with remission of irregular menstruation after sleeve gastrectomy in patients with polycystic ovary syndrome
	1 Introduction
	2 Materials and methods
	2.1 Study design and patients
	2.2 Procedure and follow-up
	2.3 Biochemical analysis
	2.4 Oral glucose tolerance test
	2.5 Body composition via dual-energy X-ray absorptiometry
	2.6 Statistical analysis

	3 Results
	3.1 Participants
	3.2 Participants’ baseline characteristics
	3.3 Weight loss effect after SG
	3.4 Remission of irregular menstruation after SG
	3.5 Correlation between preoperative BMI and remission of irregular menstruation after SG
	3.6 Correlation between TWL% and remission of irregular menstruation after SG

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


