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Objective

This study aims to investigate the correlation between serum uric acid levels and body fat distribution in patients with polycystic ovary syndrome (PCOS).



Methods

Between May 2017 and March 2021, a total of 199 patients with PCOS were recruited from the Department of Endocrinology and Metabolism at the Shanghai Tenth People’s Hospital. Anthropometric characteristics, metabolic parameters, and reproductive hormones were measured. Hyperuricemia was defined as serum uric acid (SUA) greater than 420 μmol/l. Dual-energy X-ray absorptiometry (DEXA) was used to measure body fat distribution.



Results

The prevalence of hyperuricemia in patients with PCOS was 28.64%. PCOS patients with hyperuricemia are more obese and have a higher waist-to-hip ratio (WHR) and worse lipid metabolism than those without hyperuricemia. According to SUA quartiles, patients in the highest quartile had higher total testosterone (TT), body fat accumulation, and lower sex hormone-binding globulin (SHBG) than patients in the lowest quartile. SUA was correlated with percentage of total body fat, arm fat mass, leg fat mass, trunk fat mass, android/gynoid (A/G) ratio, and visceral adipose tissue (VAT) mass. After controlling possible confounders, logistic regression analysis found that only excessive VAT mass could significantly increase the risk of hyperuricemia in patients with PCOS.



Conclusion

In patients with PCOS, a high level of VAT mass, but not other fat compartments, will exacerbate the risk of hyperuricemia. Attention should be paid to the role of excessive VAT in the occurrence and development of PCOS with hyperuricemia.
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Introduction

Polycystic ovary syndrome (PCOS) is a common endocrine and metabolic disease in women of normal reproductive age, which is characterized by clinical and/or biochemical signs of androgen excess, ovulatory dysfunction, and polycystic ovarian morphology (1). Simultaneously, patients with PCOS often present abdominal obesity, which is not only observed in obese PCOS women but also in a large percentage of overweight PCOS women and a minority of normal weight PCOS women (2). The interplay between PCOS and abdominal adiposity is considered as a vicious circle of androgen excess favoring abdominal fat, which in turn facilitates androgen excess by the direct effects of several autocrine, paracrine, and endocrine mediators or indirectly by the induction of insulin resistance and hyperinsulinemia (3).

Previous observational studies have shown that the serum uric acid (SUA) levels and the prevalence of hyperuricemia were significantly higher in patients with PCOS than in patients without PCOS (4–7). To our knowledge, elevated SUA levels may have a variety of pro-inflammatory, pro-oxidative, vasoconstrictive actions and are commonly linked to the metabolic syndrome (8), including hypertension, atherosclerosis, and adiposity (9). In some populations other than PCOS patients, such as healthy people, diabetic patients, and obese people, many scholars have conducted research on the relationship between uric acid or hyperuricemia and adiposity/body fat distribution (10–17). However, as far as we know, there are few epidemiological studies evaluating the relationship between uric acid or hyperuricemia and body fat distribution in patients with PCOS.

The aim of this study was to determine the association between SUA and body fat distribution determined by dual-energy X-ray absorptiometry (DEXA) in patients with PCOS and to explore which fat measurement had a close correlation with the prevalence of hyperuricemia. Paying attention to the relationship between serum uric acid and body fat distribution in patients with PCOS has a predictive effect on early intervention of hyperuricemia and correction of metabolic disorders.



Patients and Methods


Study Design and Patients

A total 199 patients with PCOS who were admitted to the Department of Endocrinology and Metabolism at the Shanghai Tenth People’s Hospital between May 2017 and March 2021 were recruited in this cross-sectional study (Figure 1). PCOS was diagnosed based on the revised 2003 Rotterdam diagnosis criteria, in which at least two of the following three criteria should be involved: 1) oligo- or anovulation; 2) clinical (such as hirsutism and acne) and/or biochemical signs of hyperandrogenism; and 3) polycystic ovaries (presence of 12 or more follicles in each ovary measuring 2–9 mm in diameter, and/or increased ovarian volume >10 ml), and exclusion of other etiologies (congenital adrenal hyperplasia, androgen-secreting tumors, Cushing’s syndrome) (18). Exclusion criteria were 1) age <18 years or >45 years old; 2) severe liver and kidney functional abnormalities; 3) secondary obesity due to endocrine disorders; 4) mental illnesses that caused inability to provide informed consent; 5) malignant tumor; 6) the use of drugs that affect uric acid metabolism; and 7) incomplete laboratory examination or DEXA data. This cross-sectional study was approved by the ethics committee of Shanghai Tenth People’s Hospital. All individual participants enrolled were requested for written informed consent.




Figure 1 | Flow diagram of the population included in the study.





Anthropometric Assessment and Laboratory Analysis

Trained endocrinology specialists measured and recorded the clinical data from all patients, including age, body weight, waist circumference (WC), hip circumference (HC), systolic blood pressure (SBP), and diastolic blood pressure (DBP). The body mass index (BMI) was calculated as body weight/(height × height) (kg/m2). The waist-to-hip ratio (WHR) was calculated as WC/HC. Signs of polycystic ovaries were detected via an ultrasound scan of pelvis. Blood samples were collected in the morning after at least 10 h of overnight fasting. Fasting plasma glucose (FPG), fasting insulin (FINS), fasting C peptide (F-CP), and glycosylated hemoglobin A1c (HbA1c) were determined by high-performance liquid chromatography. Postprandial plasma glucose (PPG) was measured by a 75-g oral glucose tolerance test, followed by examination at 2 h. Alanine aminotransferase (ALT), aspartate aminotransferase (AST), total cholesterol (TC), triglycerides (TG), low-density lipoprotein cholesterol (LDL-c), high-density lipoprotein cholesterol (HDL-c), creatinine (Cr), and SUA were measured by using enzymatic assays. Levels of reproductive hormones such as prolactin (PRL), free testosterone (FT), androstenedione (AD), and dehydroepiandrosterone sulfate (DHEAS) were measured. Luteinizing hormone (LH), follicle-stimulating hormone (FSH), total testosterone (TT), and sex hormone-binding globulin (SHBG) were measured using an electrochemiluminescence immunoassay (Roche Diagnostics GmbH, Cot., Sandhofer, Mannheim, Germany). Homeostatic model assessment of insulin resistance (HOMA-IR) was calculated using the formula [FPG (mmol/L) × FINS (mU/L)]/22.5 (19). Metabolic syndrome (MS) was defined according to the criteria of the Chinese Diabetes Society, and more than three of the following components must be included: 1) WC (as measure of central obesity or abdominal obesity) ≥ 90 cm (male) or ≥ 85 cm (female); 2) high serum glucose level: fasting plasma glucose (FPG) ≥ 6.1 mmol/l and (or) 2 hPPG ≥ 7.8 mmol/l and (or) have been diagnosed as diabetes and undergone treatment; 3) blood pressure (BP): systolic blood pressure ≥ 130 mmHg and/or diastolic pressure ≥ 85 mmHg and (or) have been diagnosed as hypertensive and undergone treatment; 4) fasting blood TG ≥ 1.7 mmol/l; and 5) fasting blood HDL-C < 1.04 mmol/l (20). Hyperuricemia was defined as SUA greater than 420 μmol/l (21).



Body Fat Distribution Measurements

Body fat distribution in PCOS patients was assessed by dual-energy X-ray absorptiometry (DEXA, APEX 4.5.0.2, Hologic, USA). The fat mass was measured in the whole body and six different regions, including head, arms, legs, trunk, android, and gynoid regions. The android/gynoid ratio (A/G ratio) was calculated as percentage of android fat/percentage of gynoid fat. The visceral adipose tissue (VAT) mass, VAT volume, and VAT area were automatically computed using the DEXA software. Abdominal subcutaneous adipose tissue (SAT) mass = android fat mass - VAT mass (13). VAT/SAT ratio was calculated as VAT mass/abdominal SAT mass.



Statistical Analysis

All statistical analysis was performed using SPSS version 25.0 (SPSS Inc.; Chicago, IL, USA). All normal distribution continuous variables were presented as mean ± standard deviation (SD). Non-normal distribution continuous data were expressed as median and interquartile range (25%, 75%). Comparison continuous data among three subgroups were analyzed using one-way ANOVA test, followed by pairwise comparisons using least significant difference (LSD). Comparison continuous data between two subgroups were performed using the independent sample t-test. Comparison categorical data between groups were analyzed using the chi-squared test. Correlation analysis was performed using Pearson correlation tests. Multiple logistic regression analysis was performed to explore the association between SUA and body fat distribution in patients with PCOS. We included the variable with p < 0.05 in univariate analysis and the possible confounders but excluded the similar variable to avoid the co-linearity determinations in logistic regression models. The two-tailed p value <0.05 was considered statistically significant.




Results


General Characteristics of the PCOS Participants Stratified by BMI

Table 1 shows anthropometric, metabolic, hormonal characteristics and body fat distribution of the PCOS patients stratified by BMI. Mean SBP, FPG, HbA1c, and the rate of diabetes were much lower in normal-weight and overweight groups than in the group with obese. The mean HOMA-IR, PPG, FINS, F-CP, ALT, AST, SUA, HDL-c, SHBG, and the rate of metabolic syndrome were significantly different among the three groups. The rates of hyperuricemia in the normal-weight, overweight, and obese groups were 4.30%, 25.00%, and 40.20%, respectively (p < 0.001). There were no significant differences in mean FSH, TT, FT, AD, and DHEAS among the three groups. The characteristics of body fat distribution were significantly different in different BMI subgroups.


Table 1 | Anthropometric, metabolic, and hormonal characteristics and body fat distribution of the patients with PCOS stratified by BMI.





Anthropometric and Metabolic Characteristics of the PCOS Participants in the Non-Hyperuricemia Group and Hyperuricemia Group

The anthropometric and metabolic characteristics of the patients with PCOS stratified by presence of hyperuricemia are displayed in Table 2. Our study comprised 199 women with PCOS (mean age 28.04 ± 4.91 years). The prevalence of hyperuricemia was up to 28.64%. The group of PCOS patients with hyperuricemia had higher weight and BMI than the non-hyperuricemia group. After adjustment for BMI, mean WHR were higher in the group of PCOS patients with hyperuricemia than the group with non-hyperuricemia. The mean TC and LDL-c levels in the group of PCOS patients with hyperuricemia were higher than those of the non-hyperuricemia group. However, the mean SBP, DBP, FPG, PPG, FINS, F-CP, HbA1c, HOMA-IR, ALT, AST, TG, and HDL-c and Cr were comparable between the two groups.


Table 2 | Anthropometric and metabolic characteristics of the patients with PCOS in total, non-hyperuricemia group and hyperuricemia group.





Reproductive Hormones in the PCOS Patients According to SUA Quartiles

The overall PCOS patients were split into four groups across the SUA quartiles. No significant differences were observed in the mean LH, FSH, PRL, FT, AD, and DHEAS based on SUA quartiles. Compared with the participants in the first quartile, those in the fourth quartile had an evidently higher TT level and lower SHBG level (Table 3).


Table 3 | Reproductive hormones and body fat distribution characteristics of the patients with PCOS across quartiles of serum uric acid.





Body Fat Distribution in the PCOS Patients According to SUA Quartiles

The characteristics of body fat distribution in the PCOS patients were presented according to SUA quartiles in Table 3. The percentage of total body fat and total fat mass increased across the SUA quartiles in total PCOS patients. Participants in the fourth quartile of SUA had a significantly higher head fat mass, arm fat mass, leg fat mass, trunk fat mass, android fat mass, gynoid fat mass, abdominal SAT mass, A/G ratio, and VAT/SAT ratio than the patients in the first quartile of SUA. Meanwhile, the trends in the increase in the VAT mass, VAT volume, and VAT area associated with SUA level were statistically significant (p for trend <0.001).



Association Between Body Fat Distribution and SUA or Hyperuricemia

As shown in Figure 2, the SUA level was significantly positively correlated with percentage of total body fat, arm fat mass, leg fat mass, trunk fat mass, A/G ratio, and VAT mass (r = 0.423, 0.468, 0.428, 0.400, 0.324, 0.465, respectively; p < 0.001 for all). In order to determine the influence of different degrees of characteristics related to body fat distribution on hyperuricemia, we dichotomized the PCOS patients according to characteristics related to body fat distribution and performed multiple logistic regression models to evaluate the risk of hyperuricemia between the two groups (Table 4). After adjustment for age (Model 1), we found that the higher levels of percentage of total body fat, trunk fat mass, android fat mass, gynoid fat mass, VAT mass, and abdominal SAT mass will increase the risk of hyperuricemia in PCOS patients. With further adjustment for confounders in multiple logistic regression models (Model 2–4), only higher level of VAT mass was significantly associated with hyperuricemia (p < 0.05 in all three models).




Figure 2 | Correlation between serum uric acid and body fat distribution. (A) Correlation between serum uric acid and total body fat%; (B) correlation between serum uric acid and arm fat mass; (C) correlation between serum uric acid and leg fat mass; (D) correlation between serum uric acid and trunk fat mass; (E) correlation between serum uric acid and android/gynoid ratio; (F) correlation between serum uric acid and VAT mass.




Table 4 | Logistic regression analysis of different degrees of body fat distribution characteristics and hyperuricemia.






Discussion

Multiple studies have shown that the SUA levels and the prevalence of hyperuricemia were significantly higher in patients with PCOS than in patients without PCOS (4–7). Simultaneously, patients with PCOS often present abdominal obesity, which is associated with hyperinsulinemia and elevated androgen. Considering hyperuricemia could exacerbate insulin resistance and metabolic dysfunction (22), it is interesting to explore the association between uric acid and body fat distribution in patients with PCOS. To the best of our knowledge, the present study is the first study to investigate the relationship between uric acid and body fat distribution in patients with PCOS.

In our study, 28.64% of patients with PCOS had hyperuricemia, which is in accordance with previous studies showing that the prevalence of hyperuricemia in the PCOS population varied from 25.48% to 26.29%, almost threefold higher than that of women in the general population (4, 23). Consistent with previous studies (4, 24), our data have shown that SUA levels were positively associated with elevated total testosterone in women with PCOS. It was reported that testosterone could increase SUA levels by inducing the hepatic metabolism of purine nucleotides (25) or by upregulating the expression of Smct1 among the urate re-absorptive transport system (26). Moreover, the administration of anti-androgenic contraceptives ameliorated androgen excess, which was in parallel to the reduction of SUA levels in obese PCOS patients (27). A previous study has shown that SUA concentrations were independently linked with free testosterone in young healthy women (28). However, no linear trend of SUA levels increasing with elevated free testosterone levels was observed in our study. The discrepancies in these findings might be attributed to the differences in study populations, and sample size.

Our present results found that the PCOS patients with hyperuricemia were prone to be obese, which was consistent with a previous study that a high SUA level had a significant association with the increased risk of obesity (29). After adjusting for BMI, the group of PCOS patients with hyperuricemia had significantly higher WHR, TC, and LDL-c than the non-hyperuricemia group. Notably, our data indicated that the SHBG level in the highest SUA quartile was lower than that in the lowest SUA quartile. These results were in accordance with a cross-sectional study showing that SHBG was inversely correlated with SUA levels in premenopausal obese women (30). The underlying mechanism of this decrease in SHBG levels might be associated with inactivating AMPK in the hepatocytes brought about by elevated SUA concentration (31, 32). Taken together, our results were generally in line with previous studies showing a positive relationship for SUA with worse metabolic profiles in the PCOS population (33–35). It was reported that high levels of SUA could induce oxidative stress, affect lipid synthesis and lipid oxidation distortion, and aggravate systemic sterile inflammation, endothelial injury, and promote thrombosis, which could lead to the development of future cardiovascular morbidity in women with PCOS (36).

Increasing evidence has shown that patients with PCOS often present some degree of abdominal obesity, which has strong independent associations with both insulin resistance and hyperandrogenism (37–39). Given that hyperuricemia could also exacerbate the development of hyperandrogenism and insulin resistance in the PCOS population, it is important to investigate whether body fat distribution has a close relationship with SUA in those patients. For all participants, an increasing trend for mean levels of fat contents was found across the SUA levels. In line with previous studies (15, 40), higher contents of percentage of total body fat, trunk fat mass, android fat mass, gynoid fat mass, VAT mass, and abdominal SAT mass showed a significantly positive association with the risk of hyperuricemia. However, after adjusting for all confounder factors, only VAT mass was significantly correlated with the high risk of hyperuricemia in PCOS patients. These findings were consistent with previous studies, which have demonstrated that visceral adiposity, but not other fat compartments, was related to SUA levels in the general population (10–12). Similarly, a study reported that the visceral adiposity index was significantly positively correlated with uric acid in patients with PCOS (41). Therefore, the absence of any association between other fat compartments and the risk of hyperuricemia suggest that VAT may have a greater adverse influence on uric acid metabolism than any other fat compartments (17). Compared with SAT and other fat deposits, VAT adipocytes are more metabolically active with a greater capacity to secrete free fatty acids, adipocytokines, and other vasoactive substances, which may influence the risk of developing impaired glucose tolerance, hyperinsulinemia, and hypertriglyceridemia (42, 43). Further studies are needed to clarify the potential pathogenic effect of visceral adiposity on uric acid metabolism.

There were several limitations in our study. First, the sample size of the study was relatively small and the majority of the patients with PCOS were obese, which might introduce a selective bias. Second, we only did a cross-sectional study and could not clarify the causality and mechanisms underlying the relationship of adipose tissue to hyperuricemia. Further research on larger and longitudinal cohort studies and specific cell and animal experiments designed for the mechanism underlying the association between body fat distribution and hyperuricemia are warranted to clarify our consistent findings. In addition to limitations, a major advantage is that this study filled current gaps in literature by evaluating the effect of VAT fat accumulation on SUA level in the PCOS population, which is meaningful to ameliorate metabolic abnormalities and other dysfunction in the development of PCOS.



Conclusion

PCOS patients with hyperuricemia were more obese and had higher WHR and worse lipid metabolism than those without hyperuricemia. VAT, but not other fat compartments, was significantly positively correlated with the high risk of hyperuricemia in the PCOS patients. Attention should be paid to the role of excessive VAT in the occurrence and development of PCOS with hyperuricemia.
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