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Background: Evidence regarding the association between metabolism-related
indicators and serum urate (SU) is limited. We aimed to obtain the incidence
density of hyperuricemia and to explore the association between metabolism-
related predisposing risk factors and SU.

Methods: A total of 48,979 Chinese adults from the Beijing Physical Examination
Center were included in the study. The partial least squares path model was used
to explore the relationship between SU and metabolism-related risk factors. The
generalized additive model was used for smooth curve fitting, showing the sex-
specific associations of SU at follow-up with baseline fasting blood glucose (FBG)
concentrations and age.

Results: The incidence density of hyperuricemia was 78/1000 person-years.
Baseline SU, age, sex, obesity, FBG, and lipid metabolism were significantly
associated with SU at follow-up (all P values <0.05). Non-linear relationships
were found between the baseline FBG concentrations and SU at follow-up, while
U-shaped associations were observed between baseline age and SU at follow-up.

Conclusions: The SU concentration is associated with several metabolism-
related risk factors such as obesity and FBG. Recognition of these associations
will aid in a deeper understanding of the multifaceted nature of SU regulation.
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Background

Serum urate (SU) is the final metabolite of purine compounds
in the human body. Hyperuricemia occurs when the body’s purine
metabolism and urate excretion are in disorder. Studies have
reported a hyperuricemia prevalence of 21.4% among adults in
the United States (1). In Europe, a cohort study in Ireland noted an
increase in hyperuricemia prevalence from 20.1% to 24.5% between
2006 and 2014 (2), while in Italy, the prevalence is 6.3% among the
general population (3) and 14.5% among individuals with
hypertension (4). Also, Eastern Europeans with hypertension have
a hyperuricemia prevalence of 25% (5). In Asia, Thailand’s
prevalence stands at 10.6% (6). In mainland China, the pooled
prevalence of hyperuricemia was 13.3% (7). Thus, hyperuricemia
constitutes a growing threat to the public health.

The metabolic factors might be associated with the pathogenesis
of hyperuricemia. Some studies have employed multivariable
regression models to explore the associations of SU with fasting
blood glucose (FBG), blood pressure (BP) or body mass index
(BMI) (8-10). However, most of these studies were cross-sectional
studies. Hence, the prospective association between SU and diverse
metabolic factors remains unclear.

In this cohort study, we aimed to investigate the relationship
between baseline metabolic risk factors and SU at follow-up in a
large sample of Chinese adults using a relatively novel method
named “partial least squares path model” (PLSPM). PLSPM is a
structural equation model with few restrictions on the distribution
of variables. PLSPM can be used to illustrate the importance of
various factors that affect SU as well as reveal the interrelationships
of various factors, and relevant findings may elucidate the
underlying mechanisms behind the indicators.

Methods
Population

The Han Chinese adults aged from 18 to 94 years old who
received annual medical examinations at Beijing Physical
Examination Center joined this study. Beijing Physical
Examination Center provided Beijing citizens with medical
services widely, and the cohort established based on the agency
could represent citizens in Beijing. At the beginning of the study,
participants with incomplete information, suffering from
hyperuricemia, cancer, hepatosis and renal dysfunction were

Abbreviations: BMI, body mass index; CI, confidence interval; DBP, diastolic
blood pressure; FBG, fasting blood glucose; HbAlc, hemoglobin Alc, glycated
hemoglobin that reflects average blood sugar level; HDL-C, high-density
lipoprotein cholesterol; IQR, inter-quartile range; LDL-C, low-density
lipoprotein cholesterol; n, number; OGTT, Oral glucose tolerance tests;
PLSPM, partial least squares path model; SBP, systolic blood pressure; SU,
serum urate; TC, total cholesterol; TG, total triglycerides; WC,

waist circumference.
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excluded, and then the participants who met the inclusion criteria
were followed up for hyperlipidemia. The subjects took the first
medical examination in 2014, 2015 or 2016 respectively, and had at
least two examination records during the follow-up. The interval
between the first and the second physical examination was required
to be at least 3 months. A total of 48,979 participants (24,273 men,
24,706 women) were included in the study. Flow chart of the study
was shown in Supplementary Figure S1.

Data collection and measurements

The age and sex of the subjects were registered in the
information system. Under the condition of wearing light clothes
and taking off shoes, the height and weight were measured with an
electronic instrument. BMI was calculated as weight (kg) divided by
the square of height (m?). A non-elastic, adjustable tape was used to
measure the waist circumference (WC). The subjects rested for 5
minutes before measuring the systolic blood pressure (SBP) and
diastolic blood pressure (DBP), and an electronic monitor was used
to measure the blood pressure. After fasting for at least 12 hours, the
blood samples of the subjects were taken away. Biochemical
indicators such as FBG, total triglycerides (TG), total cholesterol
(TC), high-density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C) and SU were tested using
standard methods.

Definition of hyperuricemia

Hyperuricemia was defined as the SU concentration >420
pumol/L (men) or >360 umol/L (women) (11). We also performed
a sensitivity analysis using cut-offs reported in the URRAH (Uric
Acid Right for Heart Health) Project as requested by a
reviewer (12).

Statistical analyses

Continuous variables conformed to the normal distribution
were expressed as mean + standard deviation, and those not
normally distributed were represented by the median and
interquartile range (IQR). Student’s t test was used for
comparison of continuous variables with normal distribution, and
nonparametric Wilcoxon test was used for continuous variables not
normally distributed. The x° test was used for comparison of
categorical variables between groups. The incidence density was
calculated using the following formula:

Number of new cases in a given time-period

Incidence density = Total person-time at risk during that time-period

The PLSPM was used to explore the relationship between SU
and metabolism-related risk factors. The PLSPM model is a kind of
structural equation model, which consists of measurement models
and structural models. The measurement model reflects the
relationship between the observed variables and the latent
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variables, and the structural model is used to analyze the structural
relationship between the latent variables (13, 14). In this study,
latent variables included SU at follow-up, age, sex, obesity, FBG,
lipid metabolism, blood pressure and baseline SU. Observed
variables included SU at follow-up, age, sex, FBG, BMI, WC, TG,
TC, HDL-C, LDL-C, SBP, DBP and baseline SU. Apart from SU at
follow-up, which was measured at the end of the follow-up, the
other observed variables were measured at baseline. Referring to
relevant medical knowledge and literature, we established the
measurement model, showing the relationship between latent
variables and observed variables. The structural model was used
to analyze the relationships between SU at follow-up and other
latent variables. Considering that the follow-up time of different
individuals was not necessarily the same, and the PLSPM couldn’t
deal with the factor of follow-up time, therefore, we added a
subgroup analysis to divide the population into different groups
according to the follow-up time, and models of different groups
were established and compared. The generalized additive model was
used for smooth curve fitting, showing the sex-specific associations
of SU at follow-up with baseline FBG concentrations and age. All
statistical tests were two-sided tests, and a P value<0.05 was

10.3389/fendo.2023.1253470

considered statistically significant. R 4.0.3 software was used for
statistical analysis.

Results

Incidence density of hyperuricemia and
participant characteristics

The total incidence density was 78/1000 person-years (115/1000
person-years for men, 42/1000 person-years for women)
(Supplementary Table S1). Prevalence of hyperuricemia was
shown in Supplementary Table S2.

Table 1 showed the characteristics of the subjects of different
sex grouped by hyperuricemia (hyperuricemia and non-hyperuricemia).

Association between metabolism-related
risk factors and SU

As shown in Figure 1, the determination coefficient (R?) of the
PLSPM was 0.631, indicating that the model could explain 63.1% of

TABLE 1 Characteristics between men and women grouped by hyperuricemia*.

Characteristics

Men (n=24273)

Women (n=24706)

Hyperuricemia Non-hyperuricemia P Hyperuricemia Non-hyperuricemia P
(n=4259) (n=20014) value (n=1560) (n=23146) value
Age 419 + 14.1 439+ 138 <0.001 463 + 156 408 + 128 <0.001
(years)
Baseline SU 3742 + 346 3215 + 529 <0.001 | 3044 + 372 2375+ 49.8 <0.001
(umol/L)
SU at Follow-up 458.8 + 40.6 330.5 + 522 <0.001 | 3929 + 34.8 251.4 + 49.6 <0.001
(umol/L)
TG 19+ 13 15+ 1.1 <0001 | 1.6+09 1.1+07 <0.001
(mmol/L)
HDL-C 12403 12403 <0001  14+03 15403 <0.001
(mmol/L)
TC 49409 48409 <0001 | 51+1.0 48+09 <0.001
(mmol/L)
LDL-C 27+08 27+07 0968 | 2.8+08 2607 <0.001
(mmol/L)
FBG 56+ 13 57+ 15 0006 | 56+13 52+09 <0.001
(mmol/L)
BMI 258 +3.2 248 +32 <0.001 | 249 +35 227 3.1 <0.001
(Kg/m2)
wceC 88.7 + 8.9 86.4 + 10.1 <0.001 | 80.5+89 74.7 + 8.1 <0.001
(cm)
SBP 123.6 + 143 123.0 + 146 0025 | 1189+ 16.1 112.2 + 145 <0.001
(mmHg)
DBP 81.6 +9.7 813+ 96 0043 | 768 +92 74.0 + 8.9 <0.001
(mmHg)

SU, serum urate; TG, total triglycerides; HDL-C, high-density lipoprotein cholesterol; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; FBG, fasting blood glucose; BMI, body
mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; n, number.
*Data were expressed as mean + standard deviations. Apart from SU at Follow-up, which was measured at follow-up, the other variables were measured at baseline.
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the total variation. In the measurement model, WC had the largest
contribution to obesity (loading = 0.999), followed by BMI (loading
= 0.858). SBP (loading = 0.985) contributed slightly more to blood
pressure than DBP (loading = 0.908). TG (loading = 0.931) had the
largest contribution to lipid metabolism, followed by TC (loading =
0.626), again was LDL-C (loading = 0.417), and final was HDL-C
(loading = -0.329). According to the structural model, baseline SU
(coefficient = 0.682), lipid metabolism (coefficient = 0.041), sex
(coefficient = 0.106) and obesity (coefficient = 0.049) were positively
associated with SU at follow-up. Conversely, age (coefficient =
-0.012) and FBG (coefficient = -0.008) were negatively associated
with SU at follow-up.

Subgroup and sensitivity analysis

Supplementary Table S3 showed no significant difference in the
estimation of the latent variables, the loading of the observed
variables and the R* of the models of different follow-up period
groups. The results remain largely unchanged when using the cut-
offs reported in the URRAH project to define hyperuricemia
(Supplementary Figure S2).

FIGURE 1

10.3389/fendo.2023.1253470

Associations of SU at follow-up with
baseline FBG and age

Non-linear relationships were found between baseline FBG levels
and SU at follow-up. A reversed U-shaped association was observed
between baseline FBG concentration and SU at follow-up among men,
with SU levels being highest when FBG concentration was
approximately 6 mmol/L. In women, the SU at follow-up exhibited a
positive relation with baseline FBG until the FBG concentration was
approximately 7 mmol/L, then a phase of fluctuation of SU
concentration was observed as FBG concentration progressed
(Supplementary Figure S3). In addition, U-shaped relationships were
found between baseline age and SU at follow-up, and the SU at follow-
up was lowest when baseline age was approximately 57 years for men
and 40 years for women (Supplementary Figure S4).

Discussion

In this study, we observed that the incidence density of
hyperuricemia was 78/1000 person-years. A previous study
showed that the incidence density of hyperuricemia was 68.6/

BMI —

0.858"

0.999+
wC 4

0.049+
FBG  [€—1.000*
-0.008*

SBP e

0.985" -

Blood 0.005 SUatfollow-up ), 559l SU at follow-up

0.908" pressure R™=0.631
DBP |4
TG

\ 0.041% 0012

0.931%

TC
¥~0.626* Lipid

0320+ metabolism
HDLC |4 0.682" Age

0.417*
LDL-C 1.000* 1.000*
Baseline  Lq 1 000*—( Baseline SU
SU ’ aseline Sex Age

Association between SU concentrations at follow-up and baseline metabolism-related risk factors (n=48,979). Variables in the rectangle are
observed variables, those in the ellipse are latent variables. Apart from SU at follow-up, which was measured at follow-up, the other observed
variables were measured at baseline. The coefficients linking the latent variable "SU at follow-up” and other latent variables are the path coefficients
(B coefficients) and they represent the direction and strength of the relations between the latent response variable “SU at follow-up” and other latent
predictors. The coefficients linking the latent variables and the observed variables are the loadings (A coefficients) and they represent in what
direction and to what extent the observed variables reflect the latent variables. The R? is the determination coefficient of the model where the latent
“SU at follow-up” is the response variable and other latent variables are predictors, and it indicates the amount of variance in the latent response

variable explained by its independent latent predictors. *P<0.05.
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1000 person-years in China (15), and another Chinese study
showed it was 43.6/1000 person-years (16). We noticed the
incidence density in this study was higher than the previous
results. This might be the result of increasing incidence of
hyperuricemia due to the changes in lifestyles in China. Another
reason could be the differences in the cut-off value used to
define hyperuricemia.

In PLSPM models, we found that baseline SU is the most
important factor associated with SU at follow-up. Previous study
demonstrated that the risk of hyperuricemia is increased 2.33 times
for every 1 mg/dL increase in baseline SU (17). Therefore,
monitoring of SU concentration, identifying of high-risk
individuals early and determining appropriate interventions
timely will help to delay the occurrence or reduce the incidence
of hyperuricemia.

In this study, we found that higher level of serum TG, TC, and
LDL-C is directly associated with higher SU levels, whereas higher
level of HDL-C is inversely associated with SU level, which is in
agreement with the previous studies (18, 19). Thus, we proposed
that lipid metabolism might have a regulatory role in urate
homeostasis (20). In addition, men had a higher SU level
compared to women in our research, which is consistent with
previous studies (21, 22). This might be attributed to the innate
metabolic characteristics and the acquired personal lifestyle
(preference for alcohol, smoking, meat, etc. (23)) of men. In
addition, our research showed that baseline BMI and WC, the
predisposing risk factors of obesity, were positively associated with
SU at follow-up. This result is consistent with previous studies that
indicated obesity was one of the risk factors of hyperuricemia
(1, 24).

This study revealed a non-linear trend between baseline FBG
and SU at follow-up. In men, the results suggest an initial rise in SU
levels with increasing FBG up to a critical cut-off, which was
consistent with the observations reported in previous research (8,
25). However, above the cut-off value of FBG, SU concentration
decreases with the increase of FBG level. The inverse relationship
between SU and FBG above the cut-off value can be explained by
increased glomerular filtration at higher FBG level, resulting in
increased excretion of urate (8). In terms of renal tubular
reabsorption of urate from glomerular filtrate, it was suggested
that glucose at higher concentrations might compete with urate
during urate reabsorption in the proximal tubule (26, 27) but that
has not yet been experimentally verified. We also found that the SU
concentration in women increased rapidly after 40 years, which
might be related to menopause (28, 29). In postmenopausal women,
a lower estrogen level causes increased urate reabsorption, resulting
in higher SU levels (30).

The strengths of the current study include a large sample size
from the Han Chinese population in Beijing. Also, in this study we
employed a relatively more updated approach called partial least
squares path model (PLSPM; a structural equation model) to
explore the interrelationship between SU and metabolism-related
predisposing risk factors. This approach has its data-analytic
capability and flexibility to include various important
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metabolism-related predisposing risk factors with a few
restrictions on the distribution of variables (13). However,
limitations should be noted. Personal lifestyle-related risk factors
(e.g., smoking, drinking, physical activity, sedentary activity, sleep
etc.) (31, 32) or drug usage (such as diuretics) (33) that may affect
SU concentrations were not considered in this study due to
data unavailable.

Conclusions

This study revealed the associations of SU levels with sex, age
and several metabolism-related risk factors, emphasizing the
importance of these metabolism-related risk factors in
SU management.
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