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Purpose

To exhibit the lipid profiles in PCOS women with different characteristics and to access correlations between alternation of key lipid parameters and characteristics of PCOS.



Design

A retrospective study.



Participants

A total of 700 PCOS women were included.



Methods

Retrospective study on 700 women (age 24.6 ± 4.7 years), diagnosed with PCOS in the outpatient department of Obstetrics and Gynecology Hospital of Fudan University according to Rotterdam criteria. Anthropometric features, hormone levels, lipid levels, and metabolic parameters were measured and compared between PCOS patients with different characteristics.



Results

There was a high prevalence of dyslipidemia among Chinese PCOS patients (41.3%), and the most common pattern was low HDL. Patients with clinical hyperandrogenism presented with significantly decreased HDL and Apo-A levels. The levels of TG, LDL, Apo-B, TG/HDL, and Apo-B/Apo-A were significantly increased in the insulin resistance subgroup. The levels of TC and TG were significantly increased in the dysglycemia and T2DM women. And in general, the levels of TG, and Apo-B had an increasing trend with BMI. Moreover, AI, TG/HDL, and Apo-B/Apo-A ratios were associated with some characteristics of PCOS, such as insulin resistance, and obesity.



Conclusion

The PCOS women with different characteristics presented with different lipid profiles, and there is a complex correlation between lipid metabolism and PCOS characteristics, which may explain the increased risk of long-term cardiovascular disease. Regular screening of blood lipids is essential for PCOS women. Identification of optimal subgroups in PCOS patients that need lipid-lowering treatment and therapeutic effectiveness is worth exploring.
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Introduction

Polycystic ovary syndrome (PCOS) is a common endocrine disease (1, 2), affecting between 6 to 22% of women worldwide. Its cardinal features include ovulatory dysfunction, hyperandrogenism (HA), and polycystic changes in the ovary (3). It is often diagnosed in the reproductive phase of life when women with PCOS are confronted with infertility, irregular menstruation, or symptoms of hyperandrogenism, including acne, androgenic alopecia, and hirsutism. In addition, dyslipidemia is increasingly common in young adult women with PCOS (4). Retrospective and prospective cohort studies further indicate an increase in coronary atherosclerotic cardiopathy risk in PCOS (5–8). However, the potential interactions of endocrine disorders and metabolic abnormalities on lipid profiles in PCOS patients have not been studied extensively. Hyperandrogenism, insulin resistance (IR), impaired glucose metabolism, and obesity may exert independent, as well as interrelated effects on circulating lipid profiles, the underlying mechanism also requires further explanation.

In this article, we addressed the differences in blood lipid and lipoprotein profiles between different characteristics of PCOS and intended to discuss the association between changes in lipid parameters and abnormal metabolism states. Identification of the subpopulation with a higher risk of developing lipid metabolic and cardiovascular disease is important since these groups may require closer metabolic monitoring.



Materials and Methods


Subjects

Our study enrolled 700 PCOS patients, aged 12 to 38, diagnosed in the outpatient department of Obstetrics and Gynecology Hospital of Fudan University from 2018 to 2021. All these subjects met the revised 2003 Rotterdam diagnostic criteria for PCOS (9). The diagnosis of adolescent PCOS (under 18 years old) was relatively strict. The presence of all Rotterdam diagnostic criteria, including clinical and/or biochemical evidence of hyperandrogenism (after the exclusion of other pathologies), persistent oligomenorrhea for at least two years, and polycystic appearance of the ovary are mandatory in the diagnosis of adolescent PCOS. The exclusion criteria included other causes of hyperandrogenism (cushing syndrome, congenital adrenal hyperplasia, or androgen-secreting tumors), hyperprolactinemia, hypogonadotropic hypogonadism, thyroid dysfunction, premature ovarian failure, a previously diagnosed type 2 diabetes mellitus (T2DM), pregnancy, lactation period, treatment with insulin-sensitizing drugs and hormone drugs (contraceptives, antiandrogens, or glucocorticoids) 6 months before the beginning of the research. Patients had no clinically evident acute or chronic diseases such as infection, or tumors. No smokers or alcoholics. They were recommended to stay a healthy diet and lifestyle. All study participants gave their informed consent.



Assessment of Reproductive Endocrine, Blood Lipids, and Metabolic Parameters

Bodyweight, barefoot height, and waist circumference (WC) were measured at the outpatient department and body mass index (BMI, kg/m2) was calculated. Hirsutism was assessed with the Ferriman-Gallwey score (F-G score) (10). Blood samples were obtained at random from amenorrhoeic women or on the 3-5th days of the menstrual cycle from menstruating women. The serum lipid levels were measured in the morning after overnight fasting. The oral glucose tolerance test (OGTT) and insulin release test (IRT) were performed after a 12-hour fast, with glucose and insulin measurements in the basal sample, and at 0.5, 1, 2, and 3-hour intervals after the glucose load. The samples were stored at 4°C and immediately transferred to the clinical laboratory.

Hormone parameters: follicular stimulating hormone (FSH), luteinizing hormone (LH), testosterone (T), sex hormone-binding globulin (SHBG), and anti-müllerian hormone (AMH), levels were assessed using an Access immune luminescence analyzer (Beckman DXI800, USA). The concentration of total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL), low-density lipoprotein cholesterol (LDL), apolipoprotein A (Apo-A), apolipoprotein B (Apo-B), and free fatty acid (FFA) was measured by enzymatic colorimetric method with the 7600 autoanalyzer (Hitachi 7600, Japan). Blood glucose was measured by the glucose oxidase method (Hitachi 7600, Japan). Serum insulin was determined by a microparticle enzyme immunoassay using an AxSYM system (Abbott Laboratories, Dainabot Co., Japan). All analyses were performed by the experienced physician of the hospital laboratory. Insulin resistance was calculated using the homeostatic model assessment (HOMA-IR) (11). HOMA-IR = fasting insulin (uU/ml) × fasting glucose (mmol/L)/22.5. Free androgen index (FAI%) = T(ng/ml) ×100/SHBG (nmol/L). Arteriosclerosis index (AI) =(TC-HDL)/HDL.



Definition of Dyslipidemia, Hyperandrogenism, Insulin Resistance (IR), Dysglycemia, and Diabetes

In our study, dyslipidemia patients met the standard for Chinese adult dyslipidemia diagnosis (TC≥6.2 or TG≥2.3 or LDL≥4.1 or HDL<1.0 mmol/l). All the PCOS women were allocated into four subgroups. Clinical hyperandrogenism (clinical-HA) included patients with clinical manifestations, such as acne, androgenic alopecia, and hirsutism but with normal T levels. The biochemical hyperandrogenism (biochemical-HA) was defined as T≥0.7ng/ml and without hyperandrogenic clinical manifestations. People who have neither clinical-HA nor biochemical-HA were classified as non-HA group. IR group included the women with acanthosis nigricans or HOMA-IR>2.6, and the rest of the participants were listed in the non-IR group. According to the results of OGTT, fasting blood glucose level exceeding 6.1mmol/L was defined as impaired fasting glucose, and the 2-hour blood glucose levels exceeding 7.8mmol/L were defined as impaired glucose tolerance. They were both categorized as dysglycemia. Conversely, the rest of the people were listed in the normal glucose group. Patients with a fasting blood glucose level of 7.0mmol/L or higher, a 2-hour blood glucose level of 11.1mmol/L or higher, or a random blood glucose level exceeding 11.1mmol/L accompanied by typical diabetes symptoms were categorized as the diabetes group, and the rest of the patients were listed in the non-diabetes group. Moreover, according to BMI and age, they were distributed to different subgroups (BMI<18.5, 18.5-24.9, 25-29.9, and ≥30), (age ≤18, 19-25, 26-30, and ≥35 years).



Statistical Analysis

The data were analyzed using the Statistical Package for Social Sciences (SPSS, version 21). We assessed the normality of the distribution of all continuous variables using the F-test. The Student’s T-test was used to compare the mean values of both groups. One-way analysis of variance (ANOVA) was used to compare the mean levels of three or more groups. A Post Hoc test [least significance difference (LSD) and Tamhane’s T2 (M)] performed following ANOVA was used to determine the statistical significance of the difference between these groups. Logistic regression analysis was used to correct the confounding variables. X2 test was used to compare prevalence rates between different groups. Pearson correlation analysis was performed to define the correlations between lipid levels and various characteristics of PCOS. For all analyses, a P-value of < 0.05 was considered statistically significant.




Results


Types of Dyslipidemia in PCOS Patients

Among all the recruited women in our research, 289 met the standard of dyslipidemia, accounting for 41.3%.Table 1 showed various patterns of dyslipidemia described in PCOS, including hypercholesterolemia, hypertriglyceridemia, low HDL, and combined hyperlipidemia, which were highly atherogenic and predispose to cardiovascular disease (5, 6). Low HDL was the most common type, accounting for 57.4% of all dyslipidemia patients.


Table 1 | Dyslipidemia patterns in PCOS women.





Clinical Characteristics, Hormonal Levels, and Metabolic Profiles in the Normal Lipid and Dyslipidemia Groups

As shown in Table 2, there were no differences between the normal lipid and dyslipidemia groups regarding age, BMI, and WC. In terms of the hormone levels, FSH and T levels were both lower in the dyslipidemia group after adjusting for age, BMI, and WC. However, the Ferriman-Gallwey scores and FAI levels were not different in the two groups. There were no differences between the two groups concerning the levels of serum glucose recorded in the OGTT. Meanwhile, the fasting and the third hour of insulin levels during the IRT significantly increased in the dyslipidemia group (13.67 vs. 12.05, P=0.004) and (44.33 vs.36.48, P=0.033), as well as HOMA-IR (3.05 vs. 2.65, P=0.009). After adjusting for age, BMI and WC, the differences continued to exist.


Table 2 | Clinical and biochemical characteristics of PCOS women according to blood lipid states.





Comparison of the Blood Lipid Profiles in PCOS Patients With Different Clinical Characteristics

Hyperandrogenism (clinical and biochemical), IR, dysglycemia, and obesity are all notable features of PCOS women. Among these PCOS patients, 23.4% were clinical hyperandrogenism, 35.8% were biochemical hyperandrogenism, 54.0% were insulin resistance, 22.9% were dysglycemia, 6.3% were diabetes, and 42.4% were overweight. There was no difference in lipid profiles between biochemical-HA group and non-HA group after adjusting for age, BMI, and WC (data not shown), but the levels of HDL and Apo-A significantly decreased in the patients with clinical-HA, as noted in Table 3A. The mean levels of TG, LDL, and Apo-B were significantly increased in women with IR, as well as the ratios TG/HDL and Apo-B/Apo-A. We discovered that TC levels significantly increased in the dysglycemia group after correction. Meanwhile, the level of TG significantly increased in the diabetes group compared to their non-diabetes counterpart. We further calculated the odds ratios (ORs) and found that insulin resistance and clinical hyperandrogenism were risk factors for dyslipidemia in PCOS patients, OR=2.202 (95%CI:1.585-3.059, P=0.000) and OR=1.744 (95%CI: 1.008-3.015, P=0.046) noted in Table 3B. The mean levels of TG, Apo-B, TG/HDL, and Apo-B/Apo-A exhibited an increasing tendency with BMI in the former three subgroups. But in the BMI≥30 subgroup, there was no different from those with BMI=25-29.9 patients, Table 3C. In terms of the prevalence of dyslipidemia, there were no differences in the four BMI subgroups (P=0.220), Figure 1. We found that the levels of TG, HDL, Apo-B, AI, TG/HDL, and Apo-B/Apo-A also presented an increasing trend with age, but they were not statistically significant as shown in Table 3C.


Table 3A | Comparison of serum lipid profiles in PCOS patients with or without hyperandrogenism, insulin resistance, dysglycemia, and diabetes.




Table 3B | Association between insulin resistance, clinical hyperandrogenism, dysglycemia, and dyslipidemia in PCOS women.




Table 3C | Comparison of lipid parameters in women with PCOS according to body mass index and age groups.






Figure 1 | The distribution of patients with dyslipidemia in different BMI subgroups. P = 0.220.





Correlation Analysis Between the Blood Lipid Levels and Physiological Characteristics or Biochemical Indexes of PCOS Patients

To explore the degree of correlation between the blood lipid levels and different features in PCOS patients, we performed a correlation analysis between lipid levels and age, BMI, WC, FAI, OGTT-0h, 2h, fasting insulin, and HOMA-IR. We found that TG, Apo-B, and TG/HDL levels were positively correlated with many factors, especially HOMA-IR values, Table 4. Though the r values were comparatively small, these conclusions existed consistently. The correlation between TG level and HOMA-IR was approximately linear, R2 = 0.6017 (Figure 2). In addition, the levels of TC, LDL, HDL, and FFA had a weak correlation with other characteristics in PCOS women, which could be considered irrelevant (data not shown).


Table 4 | Correlations between lipid parameters and HOMA-IR in PCOS women.






Figure 2 | The correlation between TG and HOMA-IR.






Discussion

Our study compared the blood lipid profiles with different characteristics of PCOS patients in China using a moderate sample size. The major findings of our study: (I) There was a high prevalence of dyslipidemia in Chinese PCOS patients (41.3%), and the most common was decreased HDL, accounting for 57.4%; (II) The lipid metabolic disorders were more evident in patients with clinical hyperandrogenism, and the dyslipidemia profiles were also observed in PCOS women with IR; (III) PCOS patients with impaired glucose metabolism were accompanied by dyslipidemia, indicating a close relationship between glucose and lipid metabolism; (IV) In general, the ratios of TG/HDL, and Apo-B/Apo-A were correlated with IR, with an increasing trend with BMI, which may partially explain the higher risk of cardiovascular diseases presented in PCOS patients.

In our study, 41.3% of PCOS patients suffered from dyslipidemia. But in other studies, there was a comparatively higher prevalence of dyslipidemia in the Chinese population, with 52.96% and 53.1% (12, 13), which could be attributed to the different diagnostic criteria for dyslipidemia. Compared with the 70% reported in foreign research (14), the overall prevalence of dyslipidemia was lower in the Chinese PCOS population. The most common type of dyslipidemia was low HDL, which was similar to the conclusions of other studies (13, 15). Hyperandrogenism was a common characteristic of PCOS, 82.2% were found to be clinical or biochemical hyperandrogenism. Hyperandrogenism affected women’s cardiovascular health, as it was positively correlated with blood pressure (16). At present, there were different opinions about the effect of androgen on blood lipid in PCOS. Some retrospective studies found that the lipid profiles were not associated with hyperandrogenism in PCOS women (17, 18), however, another research pointed out that hyperandrogenism was associated with a 1.5-2 fold increase in the dyslipidemia rate (19). We speculated that the poor accuracy of the current androgen detection methods may give rise to opposing conclusions. Although mass spectrometry was the most accurate detection method for testosterone, it was not used widely in clinical practice. Hence, clinical hyperandrogenism may be a better indicator of androgen activity in the body than biochemical hyperandrogenism. We divided HA into two categories: clinical hyperandrogenism, and biochemical hyperandrogenism. We found that the clinical hyperandrogenism group presented with dyslipidemia patterns, with significantly decreased HDL and Apo-A levels. Accordingly, we suggested a detailed classification of hyperandrogenemia in PCOS patients in future studies, which may enable a new discovery. In addition, extra attention should be paid to the lipid metabolic health in women with clinical hyperandrogenism.

Another interesting finding in our research was the lower FSH level in the dyslipidemia group after correction for age, BMI, and WC. The circulating dyslipidemia environment exerted a negative impact on the hypothalamic-pituitary part of the reproductive axis. Santoro reported that exposure of normal-weight women to excess lipid/insulin resulted in decreased gonadotropin secretion, including decreased LH pulse amplitude and mean FSH levels (20). Elevated lipid levels combined with hyperinsulinemia suppressed FSH secretion, supporting the association between the detrimental metabolic environment, endocrine disorders, and ovulation dysfunction in PCOS.

The dyslipidemic women often presented with hyperinsulinemia and IR (21). We found that elevated TG, LDL, and Apo-B were the main manifestations of the dyslipidemia profiles in PCOS patients with IR. Furthermore, some scholars suggested the ratios of TG/HDL and TC/HDL as strong preliminary predictors of IR in PCOS women (22, 23). There was a complex connection between hyperinsulinemia, IR, and lipid metabolism in PCOS patients. Following the ingestion of a meal containing fat, it underwent lipolysis in the intestinal lumen, then products of lipolysis entered the enterocytes via passive diffusion or specific transporters (24). Lipolysis, taking the elevated TG as an example, TG could be hydrolyzed in two steps or completely hydrolyzed by hormone-sensitive lipase (HSL) with the release of two FFAs and one glycerol. However, HSL was inactivated by insulin, thus inhibiting the lipolysis procedures (25–27). On the other hand, the process of lipid synthesis involved fatty acid esterification by reacting with glycerol-3-phosphate (G3P) (25). In adipose tissue, the main source of G3P was glucose generated by glycolysis (28), and this process could be promoted by insulin, and further increased lipid synthesis (25). IR was also associated with an increase in hepatic triglyceride lipase, which could accelerate the clearance of HDL, and reduce HDL levels (29). However, in our research, there was no difference in HDL levels recorded in the IR subgroups.

Some lipid parameters (TG and TC) were increased significantly in women with impaired glucose metabolism. The hyperglycemic status increased de novo lipogenesis (30), in turn, TG acted as the substrate to promote endogenous glucose production, hypercholesterolemia was also related to the prolonged increase in insulin levels (31). HDL could stimulate the secretion of glucagon (32). In PCOS patients, impaired glucose metabolism had an increased tendency to develop diabetes (33). In addition, many studies also proved that T2DM was often comorbid with lipid abnormalities (34, 35) and the increased atherosclerotic cardiovascular disease risk in patients with diabetes was attributed to abnormalities in lipid metabolism (36). For example, the excessive plasma LDL could be phagocytosed by macrophages and intruded into sub-endothelium, involved in the cascade to atherosclerosis (37). But in our study, the higher level of LDL was not significant in both dysglycemia and diabetes subgroups, which could be attributed to the small total number of patients (n=160 and n=44). In addition, more studies are needed to gain further insight into the precise mechanism of lipid disorders underlying hyperinsulinemia-insulin resistance-dysglycemia-T2DM in PCOS and to design better treatments for dysmetabolism.

PCOS was associated with excess adiposity, and 30%-60% of PCOS women were reported to be overweight (38). A prospective cohort study indicated that obesity contributed to the unfavorable lipid profiles in PCOS women, especially weight gain in early adulthood (39). Klop suggested that the hallmark of dyslipidemia in obesity was hypertriglyceridemia (40). In our research, the dyslipidemia profiles were also characterized by elevated TG in PCOS women with higher BMI. We further discovered that the TG levels presented an increasing tendency with BMI. Under the obese status, adipocytes became hypertrophic and released higher levels of FFA into circulation, increasing FFA uptake and lipid synthesis in the liver. Increased influx of FFA to the liver, leading to hepatic accumulation of TG (40). At the same time, increased accumulation of FFAs and their metabolite in the adipocyte led to ectopic lipid accumulation (41) and insulin resistance in the liver (42). Obesity was accompanied by macrophage infiltration into the adipose tissue, followed by a switch of their phenotype from anti-inflammatory to pro-inflammatory (43, 44). The increasing levels of inflammatory factors suppressed lipoprotein lipase (LPL) activity, contributing to hypertriglyceridemia (45). The cross-talk between adipocytes and macrophages accumulated in adipose also led to insulin resistance by blunting insulin action (46, 47). Further, obesity could exacerbate the risk of cardiovascular diseases in PCOS (48–50). Another prospective study demonstrated a 5-fold higher prevalence of subclinical coronary atherosclerosis in young obese PCOS women (51).

In our study, age didn’t significantly correlate with the dyslipidemic status in PCOS patients. Only the levels of TG, HDL, and Apo-B slightly increased in the senior groups compared with those under 18 years old. Another observational cross-sectional study pointed out that TG tended to increase over time in PCOS (52). The concentrations of TG in obese PCOS patients started to rise from the second decade of life, while the HDL levels began to decrease starting from their third decade of life (53). But the HDL level slightly increased in our study, which was probably due to the small sample size of the people older than 30 (n=74). Another cross-sectional study found no evidence for increased lipid levels in middle-aged women (mean age 50.5) with PCOS compared with the control population (54). No prospective studies have investigated the alternation of lipid profiles with age in PCOS patients. Only a few small longitudinal studies elucidated the effect of age on menstruation and hormone levels of PCOS patients (55–57). Large prospective studies were required urgently to provide a definitive answer about the alternation of lipid profiles in PCOS.

With increasing interest in lipid profiles of PCOS patients, more and more guidelines recommend screening women with PCOS for lipid patterns (58, 59). The lipid profile assessment is recommended in all PCOS patients, and the glucose tolerance and lipid status should be evaluated every 2–3 years. In addition to the blood lipid parameters, attention to the apolipoprotein in lipid profiles is also critical for PCOS patients in the long-term follow-up. Because we discover that the level of Apo-B is correlated with many features, especially fasting insulin and IR, and a large population-based study proposed a non-fasting increase of 1mmol/L in Apo-B lipoprotein remnants is associated with a 2.8-fold causal increase in risk for ischemic heart disease (60, 61). Dyslipidemia is affected by diet and lifestyle. Dietary control and improvement of living style are the basic measures to treat dyslipidemia. In addition, selective lipid-lowering medications could normalize dyslipidemia, but it hasn’t become the standard regimen for PCOS. In the future, identification of optimal subpopulation that needs lipid-lowering treatment and the efficacy of treatment in dyslipidemic PCOS women warrant further clinical research.


Strength and Limitation

Our study exhibits the blood lipid profiles in different characteristics of PCOS in the Chinese population and discussed the possible relationships between key parameters of change and unique features of women with PCOS. We discover that dyslipidemia is associated with clinical hyperandrogenism, insulin resistance, impaired glucose metabolism, and BMI in women with PCOS. Our study also has some limitations. Firstly, due to the cross-sectional design of this study, we can’t fully systematically assess the influence of the lifestyle and type of diet on lipid profiles in PCOS women. Secondly, selection bias, such as the use of hospital-based populations, may also influence these discrepancies.
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