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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 mmol/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.

Keywords: polycystic ovary syndrome (PCOS), serum uric acid (SUA), hyperuricemia, body fat distribution, visceral
adipose tissue (VAT)
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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
metabo l i c syndrome (8) , inc lud ing hyper tens ion ,
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-
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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
hirsut i sm and acne) and/or b iochemica l s igns 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
FIGURE 1 | Flow diagram of the population included in the study.
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Tenth People’s Hospital. All individual participants enrolled
were requested for written informed consent.

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 mmol/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)
Frontiers in Endocrinology | www.frontiersin.org 3
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.

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
January 2022 | Volume 12 | Article 782808
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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.

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,
Frontiers in Endocrinology | www.frontiersin.org 4
those in the fourth quartile had an evidently higher TT level and
lower SHBG level (Table 3).

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

Items BMI < 25 kg/m2 25 ≤ BMI < 30 kg/m2 BMI ≥ 30 kg/m2 p values
N = 47 N = 40 N = 112

Age (years) 27.06 ± 3.96 28.25 ± 5.22 28.38 ± 5.13 0.294
Weight (kg) 56.02 ± 6.02 73.22 ± 6.80 102.77 ± 16.68 <0.001a,b,c

BMI (kg/m2) 21.10 ± 2.11 27.35 ± 1.51 37.93 ± 5.21 <0.001a,b,c

WHR 0.83 ± 0.06 0.91 ± 0.07 0.95 ± 0.06 <0.001a,b,c

SBP (mmHg) 112.86 ± 11.13 119.36 ± 10.39 131.09 ± 13.87 <0.001b,c

DBP (mmHg) 75.95 ± 9.99 81.77 ± 9.38 83.23 ± 11.08 0.018b

FPG (mmol/L) 4.76 ± 0.46 5.10 ± 0.51 6.07 ± 1.95 <0.001b,c

PPG (mmol/L) 6.03 ± 1.41 7.73 ± 2.38 9.56 ± 3.88 <0.001a,b,c

FINS (mU/L) 8.42 ± 4.50 19.08 ± 9.11 34.26 ± 20.11 <0.001a,b,c

F-CP (mmol/L) 1.85 ± 0.52 2.97 ± 1.23 4.49 ± 1.38 <0.001a,b,c

HbA1c (%) 5.40 ± 0.27 5.56 ± 0.50 6.01 ± 1.28 0.001b,c

HOMA-IR 1.83 ± 1.21 4.35 ± 2.15 9.39 ± 6.37 <0.001a,b,c

ALT (U/L) 18.24 ± 14.11 38.81 ± 48.08 55.57 ± 42.37 <0.001a,b,c

AST (U/L) 19.14 ± 7.49 26.44 ± 23.73 35.00 ± 28.72 0.001b

TC (mmol/L) 4.75 ± 1.16 4.73 ± 0.83 4.58 ± 0.76 0.442
TG (mmol/L) 0.88 ± 0.37 1.62 ± 0.89 1.92 ± 1.39 <0.001a,b

LDL-c (mmol/L) 2.76 ± 1.02 3.03 ± 0.76 2.79 ± 0.68 0.214
HDL-c (mmol/L) 1.64 ± 0.44 1.24 ± 0.21 1.05 ± 0.25 <0.001a,b,c

SUA (mmol/L) 302.10 ± 63.73 375.25 ± 73.43 410.21 ± 82.92 <0.001a,b,c

Metabolic syndrome (%,n) 2.10 (1) 25.00 (10) 60.70 (68) <0.001a,b,c

Diabetes (%,n) 2.10 (1) 12.50 (5) 39.30 (44) <0.001b,c

Hyperuricemia (%,n) 4.30 (2) 25.00 (10) 40.20 (45) <0.001a,b

LH (IU/L) 11.61 ± 6.97 11.79 ± 7.57 7.45 ± 4.01 <0.001b,c

FSH (IU/L) 5.23 ± 1.96 5.18 ± 2.18 4.70 ± 1.70 0.176
PRL (mIU/L) 397.03 ± 216.21 367.52 ± 158.72 505.66 ± 266.82 0.002b,c

TT (nmol/Ll) 1.64 ± 0.59 1.82 ± 0.96 1.71 ± 0.86 0.613
FT (pg/ml) 2.57 ± 1.26 2.37 ± 1.36 2.07 ± 1.30 0.404
AD (ng/ml) 4.52 ± 1.72 4.17 ± 1.61 4.47 ± 1.90 0.670
DHEAS (mg/dl) 265.97 ± 116.87 224.18 ± 120.36 227.74 ± 100.19 0.241
SHBG (nmol/L) 49.20 ± 26.31 36.93 ± 33.73 19.56 ± 12.06 <0.001a,b,c

Total body fat (%) 35.95 ± 4.98 41.03 ± 3.46 46.70 ± 3.74 <0.001a,b,c

Total fat mass (g) 20041.29 ± 4220.9 29656.39 ± 4368.24 46739.88 ± 9757.65 <0.001a,b,c

Android fat mass (g) 1399.49 ± 427.35 2276.80 ± 448.58 4317.41 ± 1283.01 <0.001a,b,c

Gynoid fat mass (g) 3631.83 ± 708.93 4574.08 ± 811.50 6660.791588.41 <0.001a,b,c

A/G ratio 0.91 ± 0.13 1.07 ± 0.13 1.17 ± 0.14 <0.001a,b,c

VAT mass (g) 325.15 ± 115.40 627.43 ± 168.07 1119.40 ± 305.63 <0.001a,b,c

Abdominal SAT mass (g) 1074.34 ± 323.16 1649.38 ± 324.63 3196.64 ± 1064.64 <0.001a,b,c

VAT/SAT ratio 0.30 ± 0.05 0.38 ± 0.08 0.36 ± 0.08 <0.001a,b
January 2022 | Volume 12 | Art
The data are presented as the mean ± standard deviation.
aSignificant difference between BMI < 25 kg/m2 group and 25 ≤ BMI < 30 kg/m2 group.
bSignificant difference between BMI < 25 kg/m2 group and BMI ≥ 30 kg/m2 group.
cSignificant difference between 25 ≤ BMI < 30 kg/m2 group and BMI ≥ 30 kg/m2 group.
The bold values indicate statistical significance.
BMI, body mass index; WHR, waist/hip ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; PPG, postprandial plasma glucose; FINS, fasting
insulin; F-CP, fasting C peptide; HbA1c, glycosylated hemoglobin A1c; HOMA-IR, homeostasis model assessment of insulin resistance; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; TC, total cholesterol; TG, triglyceride; LDL-c, low-density lipoprotein cholesterol; HDL-c, high-density lipoprotein cholesterol; SUA, serum uric acid; LH, luteinizing
hormone; FSH, follicle-stimulating hormone; PRL, pituitary prolactin; TT, total testosterone; FT, free testosterone; AD, androstenedione; DHEAS, dehydroepiandrosterone sulfate; SHBG,
sex hormone-binding globulin; A/G ratio, android/gynoid ratio; VAT, visceral adipose tissue; SAT, subcutaneous adipose tissue.
icle 782808
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TABLE 2 | Anthropometric and metabolic characteristics of the patients with PCOS in total, non-hyperuricemia group and hyperuricemia group.

Items Total Non-hyperuricemia Hyperuricemia p values
N = 199 N = 142 (71.36%) N = 57 (28.64%)

Age (years) 28.04 ± 4.91 28.00 ± 4.80 28.14 ± 5.20 0.856
Weight (kg) 85.79 ± 24.06 81.14 ± 24.17 97.38 ± 19.60 <0.001
BMI (kg/m2) 31.83 ± 8.31 30.26 ± 8.42 35.75 ± 6.62 <0.001
WC (cm) 100.56 ± 19.03 96.88 ± 19.55 109.99 ± 13.83 0.088*
HC (cm) 109.57 ± 14.35 107.11 ± 14.36 116.00 ± 12.31 0.814*
WHR 0.91 ± 0.08 0.90 ± 0.08 0.95 ± 0.07 0.040*
SBP (mmHg) 126.35 ± 14.79 123.73 ± 13.02 132.02 ± 16.83 0.076*
DBP (mmHg) 81.85 ± 10.91 80.86 ± 10.14 83.98 ± 12.27 0.322*
FPG (mmol/L) 5.57 ± 1.60 5.44 ± 1.58 5.88 ± 1.63 0.932*
PPG (mmol/L) 8.38 ± 3.51 8.12 ± 3.62 9.00 ± 3.19 0.864*
FINS (mU/L) 25.00 ± 19.18 21.48 ± 16.93 33.50 ± 21.68 0.075*
F-CP (mmol/L) 3.94 ± 1.60 3.63 ± 1.60 4.61 ± 1.40 0.093*
HbA1c (%) 5.78 ± 1.04 5.72 ± 1.01 5.92 ± 1.09 0.800*
HOMA-IR 6.55 ± 5.89 5.55 ± 5.40 8.95 ± 6.36 0.161*
ALT (U/L) 43.47 ± 41.80 36.97 ± 38.09 59.33 ± 46.35 0.063*
AST (U/L) 29.52 ± 25.10 26.43 ± 21.55 37.12 ± 31.15 0.193*
TC (mmol/L) 4.65 ± 0.88 4.57 ± 0.77 4.86 ± 1.09 0.013*
TG (mmol/L) 1.62 ± 1.21 1.46 ± 1.15 2.01 ± 1.26 0.068*
LDL-c (mmol/L) 2.83 ± 0.79 2.76 ± 0.68 3.01 ± 0.98 0.041*
HDL-c (mmol/L) 1.22 ± 0.39 1.28 ± 0.41 1.07 ± 0.26 0.061*
Cr (mmol/L) 58.44 ± 8.55 58.36 ± 8.31 58.64 ± 9.19 0.218*
Frontiers in Endocrinology | www.front
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The data are presented as the mean ± standard deviation.
*p-values represented the results after adjustment for BMI.
The bold values indicate statistical significance.
BMI, body mass index; WC, waist circumference; HC, hip circumference; WHR, waist/hip ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose;
PPG, postprandial plasma glucose; FINS, fasting insulin; F-CP, fasting C peptide; HbA1c, glycosylated hemoglobin A1c; HOMA-IR, homeostasis model assessment of insulin resistance;
ALT, alanine aminotransferase; AST, aspartate aminotransferase; TC, total cholesterol; TG, triglyceride; LDL-c, low-density lipoprotein cholesterol; HDL-c, high-density lipoprotein
cholesterol; Cr, creatinine.
TABLE 3 | Reproductive hormones and body fat distribution characteristics of the patients with PCOS across quartiles of serum uric acid.

Items Quartiles of SUA p values for trend

Q1 Q2 Q3 Q4

n 50 51 50 48 –

Median (25–75th percentiles), SUA 275.75 (259.00,296.00) 348.00 (332.80,362.80) 405.00 (390.40,419.00) 469.95 (452.50,534.40) –

BMI (kg/m2) 25.81 ± 8.50 31.76 ± 7.91 34.32 ± 6.36 35.59 ± 6.91 <0.001
LH (IU/L) 10.48 ± 6.91 9.29 ± 6.70 8.78 ± 5.26 8.64 ± 4.84 0.118
FSH (IU/L) 5.26 ± 2.20 4.92 ± 1.57 4.98 ± 1.95 4.53 ± 1.69 0.078
PRL (mIU/L) 435.84 ± 200.73 424.33 ± 288.31 549.00 ± 375.26 443.23 ± 214.41 0.506
TT (nmol/L) 1.52 ± 0.66 1.65 ± 0.86 1.74 ± 0.75 1.96 ± 0.97 0.007
FT (pg/ml) 2.32 ± 1.38 2.34 ± 1.35 2.80 ± 1.24 2.06 ± 1.07 0.817
AD (ng/ml) 4.45 ± 1.80 4.10 ± 1.69 4.31 ± 1.68 4.74 ± 1.72 0.518
DHEAS (mg/dl) 229.19 ± 109.30 253.42 ± 132.37 236.95 ± 93.53 258.24 ± 129.09 0.518
SHBG (nmol/L) 45.20 ± 20.22 35.49 ± 31.84 20.59 ± 13.97 29.33 ± 34.15 0.007
Total body fat (%) 38.06 ± 7.03 44.44 ± 4.99 44.71 ± 4.33 44.93 ± 4.50 <0.001
Total fat mass (g) 26834.13 ± 14893.97 37524.76 ± 13321.92 41291.92 ± 10420.79 42562.46 ± 11089.12 <0.001
Head fat mass (g) 1228.02 ± 471.07 1312.08 ± 266.77 1527.99 ± 613.48 1448.36 ± 371.93 0.003
Arms fat mass (g) 3491.80 ± 2180.33 4963.52 ± 2013.05 5765.38 ± 1692.88 6102.92 ± 2137.17 <0.001
Legs fat mass (g) 8905.88 ± 3680.59 11730.22 ± 3612.81 12987.75 ± 3921.87 12946.22 ± 3670.95 <0.001
Trunk fat mass (g) 13207.94 ± 8961.73 19539.48 ± 8494.41 21028.66 ± 5640.17 21677.71 ± 6678.53 <0.001
Android fat mass (g) 2160.98 ± 1540.64 3233.76 ± 1690.33 3727.54 ± 1464.01 3771.88 ± 1283.55 <0.001
Gynoid fat mass (g) 4353.74 ± 1718.66 5555.67 ± 1753.68 6152.82 ± 1844.41 6061.46 ± 1534.88 <0.001
A/G ratio 0.97 ± 0.19 1.11 ± 0.17 1.13 ± 0.12 1.14 ± 0.14 <0.001
VAT mass (g) 521.84 ± 368.10 816.00 ± 378.89 967.86 ± 385.44 1024.11 ± 369.93 <0.001
VAT volume (cm3) 564.10 ± 397.95 880.06 ± 412.76 1046.36 ± 416.66 1106.22 ± 399.77 <0.001
VAT area (cm2) 108.20 ± 76.37 169.27 ± 78.52 200.71 ± 79.90 212.45 ± 76.68 <0.001
Abdominal SAT mass (g) 1639.14 ± 1187.28 2405.94 ± 1371.25 2759.68 ± 1127.04 2710.11 ± 970.09 <0.001
VAT/SAT ratio 0.32 ± 0.06 0.35 ± 0.08 0.36 ± 0.08 0.38 ± 0.07 <0.001
The data are presented as the mean ± standard deviation and median (interquartile range). The bold values indicate statistical significance.
SUA, serum uric acid; BMI, bodymass index; LH, luteinizing hormone; FSH, follicle-stimulating hormone; PRL, pituitary prolactin; TT, total testosterone; FT, free testosterone; AD, androstenedione;
DHEAS, dehydroepiandrosterone sulfate; SHBG, sex hormone-binding globulin; A/G ratio, android/gynoid ratio; VAT, visceral adipose tissue; SAT, subcutaneous adipose tissue.
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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).
DISCUSSION

Multiple studies have shown that the SUA levels and the
prevalence of hyperuricemia were significantly higher in
Frontiers in Endocrinology | www.frontiersin.org 6
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.
A B

D E F

C

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.
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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 fatmass, android fatmass, gynoid fatmass,VATmass, and
abdominal SAT mass showed a significantly positive association
with the risk of hyperuricemia. However, after adjusting for all
confounder factors, onlyVATmasswas significantly correlatedwith
thehighriskofhyperuricemia inPCOSpatients.Thesefindingswere
Frontiers in Endocrinology | www.frontiersin.org 7
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 acidmetabolism 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, andhypertriglyceridemia (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
TABLE 4 | Logistic regression analysis of different degrees of body fat distribution characteristics and hyperuricemia.

Total body fat (%) Trunk fat mass(g) Android fat mass (g)

<43.70 ≥43.70 p values <18,575.70 ≥18,575.70 p values <2,975.00 ≥2,975.00 p values

Reference OR (95% CI) Reference OR (95% CI) Reference OR (95% CI)

Model 1 1 2.733 (1.435,5.207) 0.002 1 3.714 (1.903,7.249) <0.001 1 4.191 (2.123,8.275) <0.001
Model 2 1 1.581 (0.553,4.516) 0.392 1 2.835 (0.749,10.721) 0.125 1 2.676 (0.738,9.710) 0.134
Model 3 1 1.432 (0.435,4.719) 0.555 1 1.764 (0.399,7.794) 0.454 1 2.025 (0.477,8.597) 0.339
Model 4 1 1.455 (0.423,5.006) 0.552 1 2.450 (0.516,11.638) 0.260 1 2.740 (0.591,12.708) 0.198

Gynoid fat mass (g) VAT mass (g) Abdominal SAT mass (g)

<5,204.00 ≥5,204.00 p values <819.50 ≥819.50 p values <2,149.00 ≥2,149.00 p values

Reference OR (95% CI) Reference OR (95% CI) Reference OR (95% CI)

Model 1 1 3.327 (1.721,6.431) <0.001 1 5.176 (2.510,10.675) <0.001 1 3.823 (1.931,7.568) <0.001
Model 2 1 1.232 (0.430,3.535) 0.697 1 6.409(1.670,24.589) 0.007 1 2.023(0.545,7.510) 0.293
Model 3 1 1.070 (0.343,3.345) 0.907 1 5.292 (1.228,22.809) 0.025 1 1.657 (0.387,7.101) 0.496
Model 4 1 1.452(0.406,5.198) 0.566 1 7.258(1.483,35.529) 0.014 1 1.779(0.395,8.014) 0.453
January 2
022 | Volume 12 | Arti
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OR, odds ratio; CI, confidence interval. Model 1: adjusted for age; Model 2: adjusted for age, BMI, hypertension; Model 3: adjusted for age, BMI, hypertension, HbA1c, HOMA-IR, ALT, TG;
Model 4: adjusted for age, BMI, hypertension, HbA1c, HOMA-IR, ALT, TG, TT. The bold values indicate statistical significance.
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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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6. Yarali H, Yildirir A, Aybar F, Kabakçi G, Bükülmez O, Akgül E, et al. Diastolic
Dysfunction and Increased Serum Homocysteine Concentrations may
Contribute to Increased Cardiovascular Risk in Patients With Polycystic
Ovary Syndrome. Fertil Steril (2001) 76(3):511–6. doi: 10.1016/s0015-0282
(01)01937-9

7. Macut D, Simic T, Lissounov A, Pljesa-Ercegovac M, Bozic I, Djukic T, et al.
Insulin Resistance in Non-Obese Women With Polycystic Ovary Syndrome:
Relation to Byproducts of Oxidative Stress. Exp Clin Endocrinol Diabetes
(2011) 119(7):451–5. doi: 10.1055/s-0031-1279740

8. So A, Thorens B. Uric Acid Transport and Disease. J Clin Invest (2010) 120
(6):1791–9. doi: 10.1172/JCI42344

9. Lyngdoh T, Vuistiner P, Marques-Vidal P, Rousson V, Waeber G,
Vollenweider P, et al. Serum Uric Acid and Adiposity: Deciphering
Causality Using a Bidirectional Mendelian Randomization Approach. PloS
One (2012) 7(6):e39321. doi: 10.1371/journal.pone.0039321

10. Rospleszcz S, Dermyshi D, Muller-Peltzer K, Strauch K, Bamberg F, Peters A.
Association of Serum Uric Acid With Visceral, Subcutaneous and Hepatic Fat
Quantified by Magnetic Resonance Imaging. Sci Rep (2020) 10(1):442.
doi: 10.1038/s41598-020-57459-z

11. Yamada A, Sato KK, Kinuhata S, Uehara S, Endo G, Hikita Y, et al.
Association of Visceral Fat and Liver Fat With Hyperuricemia. Arthritis
Care Res (Hoboken) (2016) 68(4):553–61. doi: 10.1002/acr.22729

12. Hikita M, Ohno I, Mori Y, Ichida K, Yokose T, Hosoya T. Relationship
Between Hyperuricemia and Body Fat Distribution. Intern Med (2007) 46
(17):1353–8. doi: 10.2169/internalmedicine.46.0045
13. Seyed-Sadjadi N, Berg J, Bilgin AA, Grant R. Visceral Fat Mass: Is it the Link
Between Uric Acid and Diabetes Risk? Lipids Health Dis (2017) 16(1):142.
doi: 10.1186/s12944-017-0532-4

14. Zhang X, Zhu C, Gao J, Mei F, Yin J, Bu L, et al. Gender Difference in the
Relationship Between Serum Uric Acid Reduction and Improvement in Body
Fat Distribution After Laparoscopic Sleeve Gastrectomy in Chinese Obese
Patients: A 6-Month Follow-Up. Lipids Health Dis (2018) 17(1):288.
doi: 10.1186/s12944-018-0934-y

15. Zong J, Sun Y, Zhang Y, Yuan J, Wang X, Zhang R, et al. Correlation Between
Serum Uric Acid Level and Central Body Fat Distribution in Patients With
Type 2 Diabetes. Diabetes Metab Syndr Obes (2020) 13:2521–31. doi: 10.2147/
DMSO.S260891

16. Matsuura F, Yamashita S, Nakamura T, Nishida M, Nozaki S, Funahashi T,
et al. Effect of Visceral Fat Accumulation on Uric Acid Metabolism in Male
Obese Subjects: Visceral Fat Obesity Is Linked More Closely to
Overproduction of Uric Acid Than Subcutaneous Fat Obesity. Metabolism
(1998) 47(8):929–33. doi: 10.1016/s0026-0495(98)90346-8

17. Takahashi S, Yamamoto T, Tsutsumi Z, Moriwaki Y, Yamakita J, Higashino
K. Close Correlation Between Visceral Fat Accumulation and Uric Acid
Metabolism in Healthy Men. Metabolism (1997) 46(10):1162–5.
doi: 10.1016/s0026-0495(97)90210-9

18. Rotterdam ESHRE/ASRM-Sponsored PCOS Consensus Workshop
GroupRevised 2003 Consensus on Diagnostic Criteria and Long-Term
Health Risks Related to Polycystic Ovary Syndrome (PCOS). Hum Reprod
(2004) 19(1):41–7. doi: 10.1093/humrep/deh098.

19. Gayoso-Diz P, Otero-Gonzalez A, Rodriguez-Alvarez MX, Gude F, Cadarso-
SuarezC,GarciaF, et al. InsulinResistance Index (HOMA-IR)Levels in aGeneral
Adult Population: Curves Percentile by Gender and Age. The EPIRCE Study.
Diabetes Res Clin Pract (2011) 94(1):146–55. doi: 10.1016/j.diabres.2011.07.015

20. Chinese Diabetes Society. Guideline for the Prevention and Treatment of
Type 2 Diabetes Mellitus in China(2020 Edition). Chin J Endocrinol Metab
(2021) 37(4):311–98. doi: 10.3760/cma.j.cn311282-20210304-00142

21. Chinese Society of Endocrinology CMA. Guideline for the Diagnosis and
Management of Hyperuricemia and Gout in China (2019). Chin J Endocrinol
Metab (2020) 36(1):1–13. doi: 10.3760/cma.j.issn.1000-6699.2020.01.001

22. Hu X, Rong S, Wang Q, Sun T, Bao W, Chen L, et al. Association Between
Plasma Uric Acid and Insulin Resistance in Type 2 Diabetes: A Mendelian
Randomization Analysis. Diabetes Res Clin Pract (2021) 171:108542.
doi: 10.1016/j.diabres.2020.108542

23. Dehlin M, Jacobsson L, Roddy E. Global Epidemiology of Gout: Prevalence,
Incidence, Treatment Patterns and Risk Factors. Nat Rev Rheumatol (2020) 16
(7):380–90. doi: 10.1038/s41584-020-0441-1

24. Zhao Y, Fu L, Li R, Wang LN, Yang Y, Liu NN, et al. Metabolic Profiles
Characterizing Different Phenotypes of Polycystic Ovary Syndrome: Plasma
January 2022 | Volume 12 | Article 782808

https://doi.org/10.1038/nrdp.2016.57
https://doi.org/10.1210/jc.2006-2725
https://doi.org/10.1016/j.tem.2007.07.003
https://doi.org/10.1186/s12958-018-0419-x
https://doi.org/10.1186/s12958-018-0419-x
https://doi.org/10.1007/s40618-016-0582-x
https://doi.org/10.1016/s0015-0282(01)01937-9
https://doi.org/10.1016/s0015-0282(01)01937-9
https://doi.org/10.1055/s-0031-1279740
https://doi.org/10.1172/JCI42344
https://doi.org/10.1371/journal.pone.0039321
https://doi.org/10.1038/s41598-020-57459-z
https://doi.org/10.1002/acr.22729
https://doi.org/10.2169/internalmedicine.46.0045
https://doi.org/10.1186/s12944-017-0532-4
https://doi.org/10.1186/s12944-018-0934-y
https://doi.org/10.2147/DMSO.S260891
https://doi.org/10.2147/DMSO.S260891
https://doi.org/10.1016/s0026-0495(98)90346-8
https://doi.org/10.1016/s0026-0495(97)90210-9
https://doi.org/10.1093/humrep/deh098
https://doi.org/10.1016/j.diabres.2011.07.015
https://doi.org/10.3760/cma.j.cn311282-20210304-00142
https://doi.org/10.3760/cma.j.issn.1000-6699.2020.01.001
https://doi.org/10.1016/j.diabres.2020.108542
https://doi.org/10.1038/s41584-020-0441-1
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Zhang et al. VAT in PCOS With Hyperuricemia
Metabolomics Analysis. BMC Med (2012) 10:153. doi:10.1186/1741-7015-10-
153

25. Marinello E, Leoncini R, Terzuoli L, Vannoni D, Porcelli B, Resconi G. Effect
of Testosterone on Purine Nucleotide Metabolism in Rat Liver. Horm Metab
Res (2004) 36(9):614–9. doi: 10.1055/s-2004-825923

26. Hosoyamada M, Takiue Y, Shibasaki T, Saito H. The Effect of Testosterone
Upon the Urate Reabsorptive Transport System in Mouse Kidney. Nucleosides
Nucleotides Nucleic Acids (2010) 29(7):574–9. doi: 10.1080/15257770.
2010.494651

27. Luque-Ramirez M, Alvarez-Blasco F, Uriol Rivera MG, Escobar-Morreale HF.
Serum Uric Acid Concentration as Non-Classic Cardiovascular Risk Factor in
Women With Polycystic Ovary Syndrome: Effect of Treatment With Ethinyl-
Estradiol Plus Cyproterone Acetate Versus Metformin.Hum Reprod (2008) 23
(7):1594–601. doi: 10.1093/humrep/den095

28. Mantzoros CS, Georgiadis EI, Young R, Evagelopoulou C, Khoury S,
Katsilambros N, et al. Relative Androgenicity, Blood Pressure Levels, and
Cardiovascular Risk Factors in Young Healthy Women. Am J Hypertens
(1995) 8(6):606–14. doi: 10.1016/0895-7061(95)00051-p

29. Zeng J, Lawrence WR, Yang J, Tian J, Li C, Lian W, et al. Association Between
Serum Uric Acid and Obesity in Chinese Adults: A 9-Year Longitudinal Data
Analysis. BMJ Open (2021) 11(2):e041919. doi: 10.1136/bmjopen-2020-
041919

30. Akin F, Bastemir M, Alkis E, Kaptanoglu B. SHBG Levels Correlate With
Insulin Resistance in Postmenopausal Women. Eur J Intern Med (2009) 20
(2):162–7. doi: 10.1016/j.ejim.2007.09.023

31. Cicerchi C, Li N, Kratzer J, Garcia G, Roncal-Jimenez CA, Tanabe K, et al. Uric
Acid-Dependent Inhibition of AMP Kinase Induces Hepatic Glucose Production
in Diabetes and Starvation: Evolutionary Implications of the Uricase Loss in
Hominids. FASEB J (2014) 28(8):3339–50. doi: 10.1096/fj.13-243634

32. Simo R, Saez-Lopez C, Lecube A, Hernandez C, Fort JM, Selva DM.
Adiponectin Upregulates SHBG Production: Molecular Mechanisms and
Potential Implications. Endocrinology (2014) 155(8):2820–30. doi: 10.1210/
en.2014-1072

33. Ali N, Rahman S, Islam S, Haque T, Molla NH, Sumon AH, et al. The
Relationship Between Serum Uric Acid and Lipid Profile in Bangladeshi
Adults. BMC Cardiovasc Disord (2019) 19(1):42. doi: 10.1186/s12872-019-
1026-2

34. Peng TC, Wang CC, Kao TW, Chan JY, Yang YH, Chang YW, et al.
Relationship Between Hyperuricemia and Lipid Profiles in US Adults.
BioMed Res Int (2015) 2015:127596. doi: 10.1155/2015/127596

35. Wan X, Xu C, Lin Y, Lu C, Li D, Sang J, et al. Uric Acid Regulates Hepatic
Steatosis and Insulin Resistance Through the NLRP3 Inflammasome-
Dependent Mechanism. J Hepatol (2016) 64(4):925–32. doi: 10.1016/
j.jhep.2015.11.022

36. Liu YN, Luo H, Che X, Peng H, Li M, Liu KX. Uric Acid Metabolism in
Polycystic Ovary Syndrome. Clin Chim Acta (2021) 517:74–80. doi: 10.1016/
j.cca.2021.02.009
Frontiers in Endocrinology | www.frontiersin.org 9
37. Dumesic DA, Akopians AL, Madrigal VK, Ramirez E, Margolis DJ, Sarma
MK, et al. Hyperandrogenism Accompanies Increased Intra-Abdominal Fat
Storage in Normal Weight Polycystic Ovary Syndrome Women. J Clin
Endocrinol Metab (2016) 101(11):4178–88. doi: 10.1210/jc.2016-2586

38. Borruel S, Fernández-Durán E, Alpañés M, Martı ́D, Alvarez-Blasco F, Luque-
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