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Reproductive factors have been demonstrated to be associated with hyperuricemia. Body
composition is an essential determinant influencing serum uric acid (SUA), but it is largely
unknown whether increased SUA was influenced by changed body composition during
the menopausal transition. As a secondary analysis of China National Health Survey from
2012-to 2017, this study included 18,997 women aged 20 to 80. Menarche age and
menopause information were collected by questionnaire interview. Body mass index
(BMI), body fat percentage (BFP), fat mass index (FMI), and fat-free mass index (FFMI)
were used as body composition indexes. Hyperuricemia was defined as SUA higher than
360umol/L (approximately 6 mg/dl). Mediation analysis was performed to explore the
direct and indirect effects of menopause on hyperuricemia. A 1:2 age-matched case-
control data set (n=6202) was designed to control age-related confounders and was used
in multivariable analyses. After adjustment of covariates, postmenopausal women had
14.08 (10.89-17.27) umol/L higher SUA than their premenopausal counterparts.
Overweight/obesity and higher levels of BFP, FMI, and FFMI were all found to be
positively associated with hyperuricemia. The mediation analysis showed that the total
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effect of menopause on hyperuricemia was positive, but was substantially mediated by
body composition indexes. Forty-five percent of the total effect can be attributed to the
indirect effect mediated by BMI (OR for the natural indirect effect (NIE): 1.09, 95%Cl: 1.04-
1.13), and over 80% mediated by BFP (OR for NIE: 1.23, 95%Cl: 1.16-1.29). However,
FFMI did not present the mediated role in the association (OR for NIE: 0.99, 95%Cl: 0.96-
1.02). The findings revealed that body composition, especially the fat mass indexes,
significantly mediated the association between menopause and hyperuricemia. The role of
body composition as mediator constitutes clinical and public health significance that
should be recognized and considered in healthcare for women experiencing their

menopause transition.

Keywords: mediation analysis, excess adiposity, women health, menopause, serum uric acid

INTRODUCTION

Serum uric acid (SUA) is the catabolic product of exogenous dietetic
compounds and endogenous purines (1). High-purine diets or other
dietary factors that induce the degradation of purine nucleotides
may increase serum urate (2-4). About 70% of daily SUA excretion
occurs via the kidney, and in 5%-25% of humans, impaired renal
excretion leads to hyperuricemia (5). Our previous work revealed an
around 20% hyperuricemia prevalence among adults in mainland
China (6). Hyperuricemia is a necessary precursor to develop gout
and is also associated with an increased risk of cardiometabolic
morbidities and premature mortality (7, 8). Although
hyperuricemia is much more common in men than in women
(6), the incidence of hyperuricemia increases in postmenopausal
women, whereas premenopausal females are possibly protected by
the uricosuric effect of estrogen (9).

In previous epidemiological studies, reproductive factors,
such as earlier age at menarche or menopause transition (MT)
were found to be associated with elevated SUA levels and gout
(10, 11). However, there were conflicting conclusions. For
example, using data from the US National Health and
Nutrition Examination Survey (NHANES) from1988 to 1994,
menopause was found to be associated with higher SUA levels
(12), but another study using data from NHANES 1999 to 2010
concluded that the increased prevalence of hyperuricemia was
not due to menopause but rather to aging (13).

The relationship between adiposity and SUA has been
demonstrated by substantial evidence (14-16). Our previous
analysis also indicated that adiposity is related to SUA and
hyperuricemia (6, 17). Given that body mass index (BMI) is not
able to distinguish adiposity between fat-free mass (FFM) and fat
mass (FM), the current study uses BMI, fat mass index (FMI), and fat-
free mass index (FFMI) as the measurement of body composition.
The three indexes are all standardized by stature, and the contribution
of both FM and FFM to BMI can be easily assessed (18, 19).

As body mass distribution may change during MT period
(20), there could be both direct and indirect effects of menopause
on SUA levels: body composition may act as a mediator on the
pathway from menopause to hyperuricemia. The importance of
mediation analysis relies on the need to disentangle the different
pathways that explain the effect of exposure on the outcome (21).

As adiposity is one of the modifiable risk factors for
hyperuricemia, it is of interest to know what the effect of
menopause would be if weight loss occurred. However,
whether body composition mediated the effect of reproductive
factors on hyperuricemia is still unclear.

Here, using data from a nationally representative survey, the
China National Health Survey (CNHS), we for the first time
performed mediation analysis to test the mediated effect of
diverse body composition indexes on the association between
menopause and hyperuricemia.

MATERIAL AND METHODS

Study Design and Population

Data of CNHS were used for this study. CNHS is a national
representative health survey conducted from 2012 to 2017
among general Chinese population. Using a multi-stage,
stratified sampling method, participants aged 20 to 80, living
locally for at least one year, were recruited in the survey.
Pregnant or lactating women, soldiers on active service, and
patients with severe mental or physical conditions were excluded.
Standardized questionnaire interview, physical examination, and
biochemical tests were conducted. More details for CNHS were
available in our previous publication (22). The study has been
carried out in accordance with the Declaration of Helsinki.
Ethical approval was obtained from the Bioethical Committee
of Institute of Basic Medical Sciences, Chinese Academy of
Medical Sciences (No0.029-2013). All participants provided
written informed consent before the survey.

Outcome Measurement and Definitions
Venous blood samples were drawn after an overnight fast.
Separated plasma or serum was frozen in aliquots and stored
at -80°C until thawed for the first time for the analyses. SUA was
measured by oxidization with the specific enzyme uricase on a
Chemistry Analyzer (ROCHE Cobas8000C701, USA).

Hyperuricemia was defined as SUA higher than 360pumol/L
(approximately 6 mg/dl) in women, consistent with other
previous studies (23).
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Reproductive Factors and Body
Composition Measurement

Reproductive information included age of menarche and
menopausal status; both were self-reported in the face-to-face
questionnaire interview. Participants included in the survey were
asked whether they had at least one menstrual bleeding in the past
year to define menopause, excluding those caused by medications,
hormones, medical conditions, or surgical procedures.

During the anthropometric measurements, participants wore
light clothing and were barefoot. Height was measured to the
nearest 0.1 cm using a fixed stadiometer. Weight, body fat
percentage (BFP), FM, and FFM were measured by a body
composition analyzer (TANITA BC-420, Japan), with the
accuracy on a decimal level. Body composition indexes in this
study included BMI, BFP, FMI, and FFMI. BMI was calculated as
weight divided by height squared (kg/mz). FMI was calculated as
FM in kilograms divided by height in square meters (kg/m?), and
FFMI was fat-free mass in kilograms divided by height in square
meters (kg/m?). Underweight was defined as BMI < 18.5 kg/m?,
normal weight was BMI between 18.5 kg/m” and < 24 kg/m?,
overweight was BMI > 24 kg/m” but < 28 kg/m?, and obesity was
BMI > 28 kg/m’, according to the recommendation suitable for
Chinese population (24).

Assessment and Definition of Covariates
The demographic information (sex, age, educational levels,
personal annual income) and health-related lifestyle factors
(cigarette smoking, alcohol consumption, physical activity)
were collected by trained investigators using a standardized
questionnaire (22). The definition of cigarette smoking, alcohol
drinking, and physical activity was descripted previously (22).

Methodology of Mediation Analysis

Given the association between body composition, menopause,
and hyperuricemia, mediation analyses were conducted to
examine whether body composition mediated the association
between menopause (the independent variable) and
hyperuricemia (the outcome variable).

For demonstration purposes, let the mediator, exposure, and
outcome all have binary values. The total effect (TE) for a subject is
defined as the difference between the counterfactual outcomes at the
exposed and unexposed levels. The natural direct effect (NDE) for a
subject is defined as the difference between the counterfactual
outcomes at the two exposed levels when sets the mediator to the
natural level when there is no exposure. The natural indirect effect
(NIE) is defined as the difference between the counterfactual
outcomes at the two mediators’ levels when sets the exposure to
positive value. These definitions lead to the following conventional
two-way decomposition of the TE: TE=ENDE+NIE. The percentage
of total effect that is mediated (PM) is computed as NIE/TEx100%.

Statistical Analyses

Our analyses restricted to female adults with no missing values
on reproductive, body composition, and SUA information. The
flow chart of sample selection is available in Supplementary
Figure S1. The final analytic sample included 18,997 women.

Continuous variables were presented using median and
interquartile range (IQR), and frequency with percentage were
used for categorical variables. A directed acyclic graph (DAG) was
drawn to help establish the analysis strategy (Figure 1). Restrict
cubic spline (RCS) models were used to examine the dose-response
relationship between age, body composition, and hyperuricemia
risk. Given similar results yielded by the RCS models among
adiposity indexes, we only presented the dose-response
relationship between BMI and the risk of hyperuricemia. As age
is an essential unbalanced confounder or modifier between
premenopausal and postmenopausal women, we performed the
analyses based on two data sets: one is the unmatched primary data
using all sample’s information, another is a 1:2 age-matched case-
control data set containing 2070 cases and 4132 controls. The basic
characteristics of the case-control data set are shown in
Supplementary Table S1. We fitted general linear regression
models (GLMs) in which SUA was the dependent outcome
variable, reproductive risk factors, and body composition indexes
were independent variables with adjustment of potential
confounders. Multivariable logistic regression models (conditional
logistic model for matched case-control design) were fitted to
examine the association between independent risk factors and the
outcome (hyperuricemia). We further did stratification analysis to
examine whether the estimated regression coefficients would be
modified under conditional health status. It helps us demonstrate
the necessity of performing mediation analysis, which was
performed based on the case-control data set because of its better
performance on confounding control. The grouping criteria of BFP
(32%), FMI (7 kg/mz), and FFMI (15 kg/mz) were based on their
median values and the areas under the receiver operation
characteristic curves (AUCs) in predicting hyperuricemia.

Trying to avoid causal inversion caused by body composition
change after MT, we performed sensitivity analysis restricting on
women who had experienced their MT within 5 years,
comparing with their premenopausal counterparts.

For all coefficients and odds ratio (OR) estimates, we
calculated their 95% confidence intervals (CIs). All statistical
analyses were performed using SAS version 9.4 (SAS institute,
Cary, NC).

RESULTS

General Characteristics

A total of 18,997 women (mean age 48.30+13.17 years, ranged
from 20 to 80 years) were included in the final analytic sample.
Of them, 2070 (10.90%) participants had hyperuricemia. The
general characteristics are shown in Table 1. The average
levels of SUA in the overall population were 277.87+66.92
pmol/L, 406.91+46.75umol/L in the hyperuricemia group and
262.09+49.74umol/L in the non- hyperuricemia group.
Hyperuricemia patients were older, had higher BMI, FM,
FFM, FMI, and FFMI than their non-hyperuricemia
counterparts (all P values < 0.001), and with higher
proportion of postmenopausal status (P<0.001). The basic
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FIGURE 1 | The relationships between covariates and hyperuricemia demonstrating by directed acyclic graph (DAG).

characteristics of the 1:2 age-matched data set are shown in
Supplementary Table S1.

As shown in Figure 2A, there was a U-shape relationship
between age and the OR of hyperuricemia. Stratified by age at 40,
women younger or older both had increased risk of hyperuricemia.

Associations of Body Composition,
Reproductive Factors With SUA

and Hyperuricemia

Table 2 shows the associations of adiposity, reproductive factors
with SUA levels in both unmatched and age-matched case-
control analyses. After the adjustment of covariates, the
average SUA levels showed a 22.09 pumol/L increase in
postmenopausal women in the unmatched analysis, whereas
this number is down to 14.08 in the case-control analysis.
Early menarche was found to be slightly associated with
elevated SUA, the regression coefficient in the unmatched
analysis was also greater than the case-control analysis (-0.96,
-1.36 to -0.55 vs. -0.76, -1.50 to -0.01). Adiposity indexes, such as
BMI, BFP, FMI, and FFMI all presented positive associations
with SUA. FFMI seemed to have greater effect than the other
adiposity indexes, with 14.2 pumol/L higher SUA as per unit
change of FFMI. The stratification analysis by adiposity
suggested that the association between reproductive factors and
SUA seemed to be stronger in the higher adiposity group
(Table 2. Case-control analysis).

There was a dose-response linear relationship between BMI
and the OR of hyperuricemia (Figure 2B). Other body
composition indexes had similar results. Results from the
logistic regression models revealed that adiposity and
menopause were positively associated with increased risk of

hyperuricemia (Table 3). The obese female had a 4.43-fold
higher risk of hyperuricemia than their normal weight
counterparts. Postmenopausal women had a 55% (22%-98%)
higher risk of hyperuricemia than premenopausal females. After
stratified by adiposity status, the association between menopause
and hyperuricemia were positive in the higher adiposity group
(BMI>24, BFP>32, FMI>7, and FEMI>15).

Mediation Effect of Body Composition

The results of mediation analyses are presented in Figure 3 and
Supplementary Table S2. The total effect of menopause on
hyperuricemia estimated by OR was 1.22 (95%CI: 1.05-1.39)
through the BMI mediated pathway. However, when we
decomposed the effect into NDE and NIE, the effect was
mainly mediated by BMI or overweight/obesity, which was
about 45% (15.62%-75.02%) of the effect is mediated through
BMI. Likewise, the effect of menopause through other body
composition indexes showed similar results except for FFMI,
of which the NDE was positive (OR: 1.24, 95%CI: 1.08-1.41). The
mediation effect of BFP was the largest among the adiposity
indexes where 81.7% of the effect can be explained by the indirect
pathway. The results of sensitivity analyses are shown in
Supplementary Table S2, which were consistent with the
primary analyses.

DISCUSSION

In this large sample of Chinese female adults in CNHS, we found
that increased body composition and menopausal status are
associated with elevated SUA. Body composition indexes,
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TABLE 1 | Basic characteristics of the study population in CNHS (n=18997).

Characteristics

Demographic information

Age, year (median, IQR) 54.40
Age-group (n, %)
20- 159
30- 201
40- 379
50- 636
60-80 695
Marital status (n, %)
Unmarried 85
Inmarriage 1763
Others 220
Residential areas (n, %)
Urban 1489
Rural 578
Education (n, %)
lliterate/Elementary school 714
High school 942
College or above 410
Annual personal income (CHY) (n, %)
<10000 481
10000- 934
30000- 465
> 50000 147
Health related life-style factors
Physical activity (n, %)
Low 446
Moderate 1475
Heavy 149
Ever smoke (n, %) 201
Never smoke (n, %) 1869
Ever-alcohol drink (n, %) 493
Never drink (n, %) 1576
Body composition indexes
BMI (kg/m?) (median, IQR) 25.63
BMI category (n, %)
Under/normal weight 670
Overweight 868
Obesity 532
BFP (%) (median, IQR) 36.30
Fat free mass (kg) (median, IQR) 37.50
Fat mass (kg) (median, IQR) 22.60
FMI (kg/m?) (median, IQR) 9.33
FFMI (kg/m?) (mediian, IQR) 15.33
Reproductive factors
Menarche age (median, IQR) 15
<12 222
>12 1829
Postmenopause (n, %) 1297
Premenopause (n, %) 773
Clinical characteristics
eGFR (ml/min/1.73m?) (median, IQR) 87.70
Creatinine (wmol/L) (median, IQR) 68.50

HUA (n=2070)

Non-HUA (n=16927) P
17.40 47.90 18.90 <0.001
<0.001
7.77 1888 92.23
6.43 2927 93.57
7.42 4730 92.58
13.42 4102 86.58
17.48 3280 82.52
<0.001
7.96 983 92.04
10.73 14667 89.27
14.97 1250 85.03
<0.001
12.16 10760 87.84
8.61 6132 91.39
<0.001
12.45 5020 87.55
10.83 7755 89.17
9.08 4107 90.92
0.460
10.77 3984 89.23
11.33 7312 88.67
10.45 3986 89.55
11.23 1162 88.77
0.001
10.04 3997 89.96
11.44 11418 88.56
8.97 1512 91.03
9.39 1939 90.61 0.017
11.11 14961 88.89
10.21 4334 89.79 0.071
11.15 12554 88.85
4.78 23.08 4.51 <0.001
<0.001
6.09 10325 93.91
14.81 4991 85.19
24.83 1611 7517
7.00 31.80 7.90 <0.001
4.60 36.40 4.50 <0.001
8.70 18.00 7.90 <0.001
3.55 7.37 3.25 <0.001
1.15 14.85 1.24 <0.001
3 15 3 0.146
11.14 1771 88.86 0.708
10.86 15008 89.14
15.44 7101 84.56 <0.001
7.29 9826 92.71
25.62 101.55 27.41 <0.001
14.90 62.00 12.50 <0.001

CNHS, China National Health Survey; HUA, hyperuricemia; IQR, Interquartile range; BMI, body mass index (kg/m?); BFP, body fat percentage (%); FMI, fat mass index (kg/m?); FFMI, fat
free mass index (kg/m?); eGFR, estimated glomerular filtration rate.

especially those indicating fat mass distribution, significantly
mediated the association between menopause and hyperuricemia.

In line with previous studies, we found that the total effect of
menopause was positive on influencing hyperuricemia. Higher
SUA levels have been observed in postmenopausal women in
both European and Asian populations (10, 25). Other
reproductive factors, such as early menarche age, was also the

study interest in some studies. For example, Bubach et al.
suggested that early menarche age may lead to higher
prevalence of metabolic cardiovascular risk factors, but this
effect was partially mediated by body composition (26). The
mechanism behind the influence of early menarche on metabolic
health profile may be attributable to endogenous estrogen. Our
study also revealed that menarche age was negatively associated
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TABLE 2 | The effect of reproductive and body composition factors on serum uric acid among female participants in CNHS.

Un-matched analysis

B 95%ClI
Overall
Menopause 22.09 19.37 24.81
Menarche age -0.96 -1.36 -0.55
BMI 5.51 517 5.85
BFP 2.87 2.03 3.70
FMI 717 5.85 8.49
FFMI 17.08 16.11 17.96
BMi<24
Menopause 20.98 17.48 24.48
Menarche age <12 -0.59 -1.19 0.01
BMI>24
Menopause 22.22 17.62 26.81
Menarche age <12 -0.68 -1.43 0.07
BFP<32
Menopause 24.43 20.65 28.20
Menarche age <12 -0.44 -1.36 0.48
BFP>32
Menopause 21.05 16.81 25.30
Menarche age <12 -0.38 -1.89 1.12
FMI<7
Menopause 5.06 -12.10 22.22
Menarche age <12 -1.09 -1.64 -0.54
FMI>7
Menopause 20.88 17.55 24.22
Menarche age <12 -0.78 -1.79 0.33
FFMI<15
Menopause 17.15 10.61 23.68
Menarche age <12 0.10 -0.98 1.18
FFMI>15
Menopause -3.38 -28.49 21.73
Menarche age <12 2.67 -1.09 6.43

1:2 Age-matched analysis

P B 95%ClI P
<0.001 14.08 10.89 17.27 <0.001
<0.001 -0.76 -1.50 -0.01 0.047
<0.001 447 3.75 459 <0.001
<0.001 2.94 2.65 3.22 <0.001
<0.001 5.76 5.19 6.34 <0.001
<0.001 14.19 12.51 15.88 <0.001
<0.001 7.48 1.60 13.37 0.013
0.054 -1.17 -2.47 0.13 0.077
<0.001 11.39 5.88 16.90 <0.001
0.075 -1.58 -2.82 -0.34 0.013
<0.001 7.66 1.09 14.23 0.022
0.351 2.82 -4.23 -1.41 <0.001
<0.001 17.48 11.88 23.08 <0.001
0.619 -1.37 -2.56 -0.17 0.025
0.563 -41.98 -115.54 3158 0.263
<0.001 1.91 6.64 0.79 0.430
<0.001 17.46 12.88 22.03 <0.001
0.179 1.24 2.24 -0.23 0.016
<0.001 -9.45 -35.54 16.64 0.478
0.860 0.25 -2.77 3.28 0.870
0.792 21.70 16.14 27.26 <0.001
0.164 -1.49 -2.83 -0.16 0.029

The unmatched model was adjusted by age, educational levels, residential areas, study sites, and income. The age-matched analysis was adjusted by the same covariates except for age.
CNHS, China National Health Survey; B, regression coefficient. Cl, confidence interval. BMI, body mass index (kg/m?); BFP, body fat percentage (%); FMI, fat mass index (kg/m?); FFMI, fat

free mass index (kg/m?).

with SUA levels; the earlier the menarche age was, the higher
SUA levels would be, and this effect was greater among women
with higher body composition levels.

The different effect size of menopause on hyperuricemia in the
stratification analysis constitutes the need of mediation analyses.
First and the foremost, we demonstrated the rationality of the
analysis, which relies on the causal role or temporality of several
pathways shown in the DAG (Figure 1). The causal role of adiposity
on hyperuricemia has been well established by previous
epidemiological studies (27, 28). The essential question is how to
understand the relationship between adiposity and menopause.
Investigated by Greendale et al., trying to examine the
relationship between MT and body composition change, they
investigated women in the SWAN cohort and found that at the
start of MT, the rate of fat gain doubled, and lean mass declined
(20). The hormonal changes during MT are associated with changes
in energy expenditure and energy intake that promote a positive
energy balance, resulting in weight gain (29-32). In this study, the
main concern is the time sequence of weight change and MT. By
secondary design of the age-matched case-control data set, we, to
some extent, balanced the age-related confounding between
hyperuricemia and non-hyperuricemia group, including potential
weight change or reproductive characteristics in different age stage.

As a previous study argued that the effect of menopause on
increasing SUA was more likely caused by aging, but not
menopause itself (13), the age-matched analysis could yield a
more reliable conclusion not biased by age. Furthermore, we
performed sensitivity analyses restricted on women who
experienced their MT within 5 years and observed consistent
findings with the primary analyses. Notably, the unmatched
analyses tended to yield overestimates of the health effect even
with adjustment of age in the multivariable model. Stratified or
matching methodology therefore is needed to cope with residual
confounding in this scenario.

Ilustrated by DAG for the current study, menarche age may be
more directly related with menopausal transition, but not elevated
hyperuricemia, or through influencing MT to have an indirect effect
of hyperuricemia. Under this hypothesis, we did not include
menarche age as a covariate in the mediation analyses based on
Rothman’s recommendation on confounder’s adjustment (33).

Our study indicated that the effect of menopause on
hyperuricemia is mainly attributable to the indirect effect
through the change of body fat mass. Epidemiological studies
have reported that SUA is correlated with estrogen change in the
menstrual cycle and estrogen therapy may lead to a decrease in
SUA (5, 12, 34), strengthened the evidence that estrogen change
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TABLE 3 | The results of logistic regression modeling examine the effect of reproductive and body composition factors on hyperuricemia.

Un-matched analysis (n=18997)

1:2 Age-matched analysis (n=6202)

OR 95%ClI
Overall
Overweight 2.548 2.247 2.889
Obesity 4.941 4.200 5.812
Higher BFP 3.254 2.681 3.950
Higher FMI 3.405 2.830 4.098
Higher FFMI 2.571 2.323 2.845
Menopause 1.884 1.614 2.198
Menarche age <12 1171 1.016 1.349
BMI<24
Menopause 1.999 1.538 2.598
Menarche age <12 1.241 0.981 1.571
BMI>24
Menopause 1.845 1.554 2.190
Menarche age <12 1.151 0.992 1.336
BFP<32
Menopause 1.989 1.542 2.565
Menarche age <12 1.342 1.007 1.787
BFP>32
Menopause 1.783 1.504 2.115
Menarche age <12 1.142 0.944 1.380
FMI<7
Menopause 2.288 1.531 3.419
Menarche age <12 1.178 0.827 1.679
FMI27
Menopause 1.805 1.544 2.110
Menarche age <12 1.204 1.021 1.421
FFMI<15
Menopause 1.969 1.457 2.661
Menarche age <12 1.288 1.008 1.645
FFMI>15
Menopause 1.931 1.636 2.279
Menarche age <12 1.145 0.973 1.347

P OR 95%ClI P
<0.001 2,658 2.307 3.063 <0.001
<0.001 5.432 4519 6.529 <0.001
<0.001 3.405 2.890 4013 <0.001
<0.001 3.664 3.134 4.282 <0.001
<0.001 2,673 2.350 3.042 <0.001
<0.001 1.554 1,222 1.975 <0.001
0.031 1.231 0.995 1.524 0.056
<0.001 1.093 0.642 1.861 0.742
0.071 1.209 0.803 1.823 0.364
<0.001 1.430 1.007 2.029 0.046
0.063 1.093 0.774 1.544 0.613
<0.001 1.629 0.927 2.861 0.090
0.045 1,231 0.840 1.803 0.286
<0.001 1515 1.058 2.169 0.023
0.166 0.937 0.656 1.339 0.721
<0.001 1.314 0.447 3.867 0.620
0.356 1.006 0.572 1.771 0.983
<0.001 1.457 1.093 1.944 0.010
0.029 1.123 0.856 1.472 0.402
<0.001 1.116 0.662 1.884 0.680
0.044 1.415 0.946 2117 0.091
<0.001 1.425 0.999 2.030 0.050
0.101 1.057 0.753 1.484 0.750

The conditional logistic regression modeling method was used in the age-matched case-control analysis. The confounders adjusted in the logistic models were age (only in the unmatched
analysis), residential areas, study sites, educational levels, and income. OR, odds ratio; Cl, confidence interval: BFP, body fat percentage, %; FMI, fat mass index, kg/m?; FFMI, fat free

mass index, kg/m?; BMI, body mass index, kg/m®.

during MT could be the reason of increased risk of
hyperuricemia. However, most studies did not distinguish body
fat mass and fat free mass, moreover, the multivariable
adjustment is not sufficient to eliminate the indirect effect of
body composition on the study outcome. Interestingly, there was
a difference in the mediation effect among adiposity indexes.
Indexes reflecting the fat mass distribution were more likely to
influence the association between menopause and
hyperuricemia. Supported by previous evidence, MT may
accompany the increase of fat mass but decrease of lean mass
(20). This finding suggested that more attention should be paid
on fat mass control when initiating body weight management in
the MT period, rather than simple weight loss.

Postmenopausal life is characterized by increased disturbances
from which women are relatively protected during fertile life (35).
Menopause has now been suggested as a female-specific
cardiovascular risk factor by the American Heart Association
(36). The mediation analyses enable assessing to what extent the
effect of menopause is explained by the mediator (body composition
in this study). It may provide new perspectives for healthcare
providers to manage hyperuricemia for women at MT period.
Although hyperuricemia is the basis for developing gout, most

people with hyperuricemia are asymptomatic and do not develop
gout (2). Therefore, initiating disease prevention in the
asymptomatic stage may lower the risk of developing gout and
other severe conditions and thus reach better health benefits.

The strength of this study is first on its large representative
sample. Using multi-stage stratified sampling method, we
recruited a community-based general population in mainland
China. The rigid design and the use of standardized
measurement all through the survey place it particularly well
for the health effect estimates and the results from different study
sites were comparable. Second, mediation analysis was used to
discompose the effect of risk factors on outcome, thus help health
professionals to initiate targeted intervention. Third, we used
diverse body composition indexes, including BMI, BFP, FMI,
and FFMI, representing both fat mass and fat-free mass
distribution, to reach more comprehensive health estimates.

The limitations of this study should also be acknowledged. As
the original cross-sectional or case-control design, it is difficult to
establish the temporal sequences between exposures and outcomes
(temporality). Although we have demonstrated the causal
relationship between menopause, body composition, and elevated
SUA levels, the temporal sequence of adiposity change, and
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menopause cannot be established. Nevertheless, we performed a
matched case-control design based on the original data, trying to
balance predominant confounders, so the results are supposed to be
more reliable than those directly yielded by the unmatched sample.
We also performed the sensitivity analysis and found no reversed
conclusion. Another limitation is the unmeasured confounding. As
illustrated by DAG, there still are unmeasured confounders in the
causal relationships between independent and dependent variables.
For example, dietary assessment and hormone replacement therapy
experience information were not collected, which may influence
SUA levels during MT.

In summary, in addition to supporting a previously reported
association between menopause and elevated SUA, our study for the
first time provides evidence in a representative large female
population that this effect is significantly mediated by body
composition. Menopause indirectly affects the risk of
hyperuricemia through elevating body adiposity. Furthermore, fat
mass, but not fat-free mass, plays a predominant role in this
mediation effect.
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