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Objective: To analyze the status of insulin resistance and hyperlipidemia in the regulation 
of menstrual cycle in patients undergoing sleeve gastrectomy (LSG).
Materials and Methods: Retrospective analysis of a typical metabolic syndrome popula-
tion: 65 cases of sexually mature women underwent weight reduction surgery from 
January 2015 to June 2018, and for 35 of these cases we collected all clinical data including 
age, menstrual status, body mass index (BMI), waist-to-hip ratio (WHR), blood lipid level, 
homeostasis model assessment in insulin resistance (HOMA-IR) and free androgen index 
(FAI). Sixteen of these patients had menstrual disorder that was characterized by oligome-
norrhea and their menstrual cycle was >2 months or <24 days before operation, while their 
menstrual cycle recovered approximately 1 month to one year after sleeve gastrectomy.
Results: The age of our 35 patients with metabolic syndrome was 15–40 years; 19 cases 
were in the menstrual regularity group and 16 cases in the menstrual disorder group. On 
analysis of metabolic factors in the two groups, only BMI and FAI distribution in the two 
groups were statistically different, while lipid levels and insulin resistance levels for abnor-
mal menstrual cycle were not statistically significant. The analysis of blood lipid components 
showed that high triglyceride levels and high cholesterol levels increased the occurrence of 
menstrual disorders.
Conclusion: BMI can be used as one of the important metabolic indicators of menstrual 
disorders in patients with metabolic syndrome. Excess androgen can increase the occurrence 
of menstrual disorders, leading to polycystic ovarian syndrome (PCOS). Although insulin 
resistance is universal in patients with metabolic syndrome, it is not a specific factor that 
affects menstrual cycle. Hyperlipidemia, especially triglyceride composition, may be one of 
the driving factors of menstrual disorder.
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Introduction
Sleeve gastrectomy (LSG) is the most important operation for the treatment of 
obesity and type 2 diabetes.1 Metabolic syndrome (MS) associated with obesity, 
such as type 2-diabetes, fatty liver, hypertension, hyperglycemia and hyperlipide-
mia, can be effectively treated.2 As a clinical syndrome of metabolic syndrome in 
females, polycystic ovary syndrome (PCOS) has been unclear for a long time. Most 
studies have confirmed that insulin resistance-dominated glucose metabolism 
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disorders play an important role in the occurrence and 
development of PCOS.3 However, the importance and 
necessity of insulin resistance therapy (such as metformin) 
has not been found in the efficacy analysis, and no inde-
pendent treatment has been shown to be effective in reg-
ulating menstrual cycle.4 Obesity is the main clinical 
manifestation of dyslipidemia, which plays an important 
role in PCOS patients. Improving lifestyle and controlling 
body weight can improve the clinical symptoms of PCOS 
and improve the menstrual cycle to a certain extent, and 
this clinical effect has been confirmed by the literature.5 

But the components of blood lipids that affect the adjust-
ment of menstrual cycle have not been reported.

In this study, we selected a typical metabolic syndrome 
population: sexually mature women who underwent 
weight loss surgery. Firstly, the patients diagnosed with 
metabolic syndrome have three major pathological links of 
PCOS: androgen, hyperlipidemia and insulin resistance, 
which could be important for the progress of PCOS.6 

Secondly, not all patients have abnormal menstrual cycle, 
but the proportion of patients with abnormal menstrual 
cycle is high, which can be analyzed as typical cases. 
Finally, the level of glucose and lipid metabolism were 
improved in varying degrees after weight-loss surgery. The 
menstrual cycle could be significantly recovered by more 
than 90%, but the serum androgen concentration was not 
significantly decreased. This conclusion can be used to 
analyze the possible proportion of glucose and lipid meta-
bolism in improving menstrual cycle.

Materials and Methods
Study Design and Clinical Data Collection
From January 2015 to June 2018, 65 cases of sexually 
mature women underwent sleeve gastrectomy due to 
severe obesity and metabolic syndrome, in the 
Department of Gastroenterology, the First Affiliated 
Hospital of Chongqing Medical University, China. 
Among them, 28 cases had menstrual cycle disorder (men-
strual cycle length > 2 months or < 24 days) before 
operation, and 24 cases recovered their menstrual cycle 
without sex hormone treatment within 1 year after opera-
tion. We collected their body mass index (BMI), waist-to- 
hip ratio (WHR), blood lipid level, free androgen index 
(FAI), total cholesterol (TC) and triacylglycerol (TG), 
which were measured by fully automatic biochemical ana-
lyser Alcyon300, fasting blood-glucose (FPG), fasting 
insulin (FINS) measured by enzyme immune chemical 

radiation assay, and calculated their homeostasis model 
assessment in insulin resistance (HOMA- 
IR = fasting glucose*insulin/22.5). Among them, 16 
cases with menstrual cycle disorder and complete clinical 
and sufficient follow-up data constituted the experimental 
group, while 19 cases were chosen as control group with 
regular cycle and complete data (see Figure 1). Each 
patient’s results were compared at three points: before 
surgery, 6 months and 12 months after surgery.

All effective follow-up patients gave informed consent to 
this clinical retrospective analysis through the Ethics 
Committee of First Affiliated Hospital of Chongqing 
Medical University (number 2020–636). Reviewed by the 
Ethics Committee, the research program and informed con-
sent form and other information submitted by the project 
meet the requirements of medical ethical principles and the 
Helsinki Declaration; the experimental design has scientific 
basis and there is no unnecessary risk to the subjects, and the 
safety and privacy of the subjects are given a maximum of 
protection. Approval was received for the implementation of 
the project according to the predetermined plan.

We confirm that our study was approved by the Ethics 
Committee of the First Affiliated Hospital of Chongqing 
Medical University, and complied with the Declaration of 
Helsinki. We confirm that all participants provided 
informed consent to participate.

Figure 1 Patient recruitment and grouping process.
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Statistical Analysis
Statistical analysis was performed on SPSS 23. Shapiro– 
Wilk tests were used to test whether there was a normal 
distribution of our quantitative variables. Comparison of 
variables with a normal distribution was performed by 
parametric Student’s t-test, continuous variables were pre-
sented as n ± SD. Parameters that did not fit normal 
distribution were analyzed using a median (Me) and an 
interquartile range and the Mann–Whitney U-test. 
Qualitative variables were analyzed with chi-square test. 
P < 0.05 indicated that there was statistical significance.

Result
The Differences of BMI, WHR, Blood 
Lipid and Blood Glucose Between the 
Two Groups
Sixteen women with abnormal menstrual cycle and 19 
women with normal menstrual cycle were selected. The 
metabolic indexes of the two groups, including BMI, 
WHR, FAI, HOMA-IR, TC and TG, were compared 
(Table 1). There were significant differences in BMI 
between the two groups (F 8.519, P < 0.05), and the 
analysis of variance of FAI was statistically significant 
(F 5.994, P < 0.05), but there was no difference in the 
mean value (P > 0.05). There was no significant difference 
in the other four indexes of WHR, HOMA-IR, TC and TG 

between the two groups. It shows that the disorder of 
menstrual cycle can be measured by BMI, which is related 
to hyperandrogenemia. But it has no direct correlation 
with insulin resistance and hyperlipidemia.

The Influence of Total Dyslipidemia and 
Dyslipidemia on Menstrual Regulation
Hyperlipidemia is mainly composed of serum cholesterol 
and triglyceride levels. There is no common phenomenon 
in the distribution of all patients. We investigated whether 
there is statistical difference in the number of menstrual 
disorders between the hyperlipidemia group (including 
high cholesterol and high triglyceride) and the normal 
blood lipid group. The results showed that there was no 
significant difference between menstrual disorder and dys-
lipidemia (Table 2).

We carried out a stratified analysis of 23 patients with 
hyperlipidemia, through hypercholesterolemia and hyper-
triglyceridemia, to count the number of patients with men-
strual disorder. The results showed that the proportion of 
menstrual disorder in the high triglyceride group was more 
than 50%, reaching 53.85%, while that in the high choles-
terol group was only 20%, which was statistically signifi-
cant. It is suggested that triglyceride levels may play an 
important role in the regularity of the menstrual cycle; as 
possible metabolic factors they affect the menstrual cycle 
(Table 3).

Table 1 Correlation of Glucose and Lipid Metabolism Parameters and Menstrual Cycle

Menses Group Cases Mean SD SEM F P

BMI Irregular 16 42.5055 7.71687 1.92922 8.519 0.006

Regular 19 37.8837 4.00867 0.91965

WHR Irregular 16 0.9669 0.07968 0.01992 3.737 0.062

Regular 19 0.9504 0.05722 0.01313

FAI Irregular 16 13.5806 10.41992 2.60498 5.994 0.020

Regular 19 9.6700 4.90068 1.12429

HOMA-IR Irregular 16 8.1363 5.98031 1.49508 3.158 0.085

Regular 19 4.2732 3.20786 0.73593

TC Irregular 16 4.3206 0.95632 0.23908 0.086 0.772

Regular 19 5.0947 0.95168 0.21833

TG Irregular 16 2.2213 2.09993 0.52498 3.973 0.055

Regular 19 1.6716 0.90652 0.20797

Notes: Comparison of metabolic parameters between two groups. There were significant differences in BMI between the two groups (F 8.519, P < 0.05), and the analysis of 
variance of FAI was statistically significant (F 5.994, P < 0.05), but there was no difference in the mean value (P > 0.05). There was no significant difference in WHR, HOMA- 
IR, TC and TG between the two groups. 
Abbreviations: BMI, body mass index; WHR, waist-to-hip ratio; FAI, free androgen index; HOMA-IR, homeostasis model assessment in insulin resistance; TC, total 
cholesterol; TG, triglyceride; SD, standard deviation; SEM, standard error of the mean.
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Discussion
Polycystic ovary syndrome (PCOS) is the most common 
female disease which combines irregular menstrual cycle 
and metabolic syndrome, and also it is the most common 
cause of menstrual disorders and infertility in adolescent and 
reproductive age women. Its pathological mechanisms include 
hyperandrogenemia, insulin resistance and hyperlipidemia.7 In 
the 16 cases that had menstrual cycle disorder with complete 
clinical data, 10 cases had hyperandrogenism (TT≥0.5ng/mL 
in our hospital) and were diagnosed with PCOS, and 6 cases 
only had irregular menstrual cycle. The concentration of 
androgen can regulate menstrual cycle, but ovulation cannot 
be restored during treatment.8 At the same time, once the drug 
is stopped, menstrual disorder will return, with no long-term 
treatment effect. Metformin, which can improve insulin resis-
tance, has been proved to be an adjuvant therapy for ovulation 
induction and androgen reduction, but cannot completely reg-
ulate the menstrual cycle.9 Lipid-lowering drugs have been 
proved to improve glucose and lipid metabolism in obese 
patients with PCOS, and can assist in improving ovulation 
induction effect.10 It is difficult to achieve clinical effect with 
a single treatment for the three major pathological parts.

For PCOS patients, the first recommendation is to adjust 
lifestyle, namely introduce proper exercise and reasonable 

diet structure, which is beneficial to long-term management 
of menstruation. Insisting on exercise and a reasonable 
three-meal diet can regulate menstrual cycle, to some 
extent; it is no less effective than drug treatment.11 

Therefore, glucose and lipid metabolism has a definite 
effect on the adjustment of menstrual cycle, and the recov-
ery degree of metabolic syndrome can also be used as one 
of the evaluation criteria for the efficacy of PCOS.

In this clinical trial we found that: insulin resistance in 
the two groups was not significantly different, that is, the 
recovery of menstrual cycle after surgery and the insulin 
resistance level are not significantly correlated. In the 
hyperlipidemia group, more patients had irregular men-
struation, and after the blood lipid level returned to nor-
mal, the natural recovery rate of menstrual cycle was the 
highest. It is suggested that the components of blood 
lipids may be used as a metabolic index for the recovery 
of menstrual cycle.

Cholesterol and triglyceride are the two most important 
components of blood lipids. Cholesterol has the function 
of synthesizing hormone.12 The main physiological func-
tion of triglyceride is to provide a necessary heat source 
for human life activities. When triglyceride is absorbed by 
the human body, it will combine with lipoprotein to form 
chylous particles, which are mainly stored in the subcuta-
neous and visceral adipose tissue around the human body, 
and provide heat for the human body at any time. 
According to the statistical results, triglyceride is more 
important than cholesterol in regulating menstrual cycle.

Triglycerides exist in the body as a form of heat sto-
rage. When PCOS patients adjust their lifestyle and exer-
cise actively,13 they consume excess fat, reduce BMI and 
also reduce the concentration of triglycerides in serum, 
thus partially improving the menstrual cycle. This clinical 
inference needs to be further confirmed by basic research.

As a specific manifestation of metabolic syndrome in 
ovarian dysfunction, the disorder of menstrual cycle is the 
main goal of PCOS management in clinical, and also the 
main appeal of patients. As a metabolic syndrome, its 

Table 2 Chi-Square Test for Menstrual Cycle and Hyperlipidemia

Group Hyperlipidemia Normal Lipid Sum X2 P

Menses cycle Irregular 8 8 16 0.877 0.573
Regular 10 9 19

Sum 18 17 35

Notes: Comparison of hyperlipidemia group and normal blood lipid group between irregular menstrual cycle and regular menstrual cycle. The results showed that there 
was no significant difference between menstrual disorder and dyslipidemia.

Table 3 Chi-Square Test of Four Tables for Hyperlipidemia and 
Menstrual Cycle Disorder

Hyperlipidemia Menses 
Irregular

Menses 
Regular

Sum X2 P

High triglycerides 53.85% 

(7/13)

46.15% 

(6/13)

13 4.473 0.034

High cholesterol 20%  

(2/10)

80%  

(8/10)

10

Sum 9 14 23

Notes: Stratified analysis of 23 patients with hypercholesterolemia and hypertrigly-
ceridemia to count the number of patients with menstrual disorders. The results 
showed that the proportion of menstrual disorders in the high-triglyceride group 
was more than that in the high-cholesterol group, further indicating that triglyceride 
may play an important role in the regularity of the menstrual cycle.
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treatment is also a long-term management process. In 
clinical practice, if we improve glucose and lipid metabo-
lism and adjust the level of key metabolic factors, we can 
achieve the goal of regulating menstrual cycle. This is 
undoubtedly the most comprehensive treatment for 
patients and can prevent long-term complications. What 
role does glucose and lipid metabolism play in regulating 
menstrual cycle, one relationship is conducive to the effec-
tive guidance of follow-up treatment.
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