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Association between serum uric acid levels and
dyslipidemia in Chinese adults
A cross-sectional study and further meta-analysis
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Abstract N
This study aimed to investigate the association of serum uric acid (SUA) levels with dyslipidemia and its components and to further |
explore the age- and gender-specific association of SUA levels with dyslipidemia in Chinese adults.

A cross-sectional study was performed among 8642 adults who underwent health examinations. A meta-analysis covering 17
studies was conducted to confirm the results.

The prevalence of hyperuricemia and dyslipidemia was 9.25% and 20.44%, respectively. Participants with hyperuricemia had
higher prevalence of dyslipidemia than those without hyperuricemia (34.42% vs 19.01%, P < .005). Compared with participants with
SUA in the first quintile, the odds ratio (OR) (95% confidence interval) of dyslipidemia in the second, third, fourth, and fifth quintiles of
SUA were 1.095 (0.901-1.332), 1.582 (1.315-1.904), 2.095 (1.752-2.505), and 3.212 (2.702-3.818), respectively. Subgroup
analysis showed that SUA quintiles were significantly correlated with the likelihood of dyslipidemia in females aged > 50 years and in
males, but not in females aged <50 years. The meta-analysis also showed that hyperuricemia increased the likelihood of dyslipidemia

and the pooled OR for the highest uric acid level vs the lowest uric acid level was 1.84 (1.49-2.28).
SUA levels are significantly associated with dyslipidemia, and this association is impacted by age and gender.

Abbreviations: BMI| = body mass index, Cl = confidence interval, CVDs = cardiovascular diseases, HDL- cholesterol = high-
density lipoprotein cholesterol, LDL = low-density lipoprotein, Low HDL- cholesterolemia = low high-density lipoprotein
cholesterolemia, MetS = metabolic syndrome, NAFLD = nonalcoholic fatty liver disease, OR = odds ratio, SUA = serum uric acid, TG

= triglyceride.
Keywords: age, dyslipidemia, gender, hyperuricemia, uric acid

1. Introduction

Dyslipidemia is a modifiable risk factor of cardiovascular disease,
which is a leading cause of death worldwide.!"! Dyslipidemia is
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also closely associated with obesity, type 2 diabetes mellitus,
metabolic syndrome (MetS), and nonalcoholic fatty liver disease,
all of which can cause serious public health issues worldwide.*=
Over the past few decades, the prevalence of dyslipidemia has
grown in most developing countries with the changes in lifestyle
that have come with economic development.!®!

Uric acid is the final enzymatic product of purine metabolism.
Increasing amounts of evidence have indicated that elevated
serum uric acid (SUA) levels or hyperuricemia is significantly
associated with dyslipidemia.!®’ However, the results of recent
studies suggesting a possible association between SUA levels
and dyslipidemia remain controversial. The umbrella term
“dyslipidemia” covers several kinds of diseases, including
hypercholesterolemia, hypertriglyceridemia, and low high-
density lipoprotein cholesterolemia (low HDL-cholesterolemia).
The relationship between SUA levels and each component of
dyslipidemia is still not fully clear because some studies have
found that SUA levels were significantly closely correlated with
triglyceride (TG) but not high-density lipoprotein cholesterol
(HDL-cholesterol).[” It is also not clear whether the relationship
between SUA levels and dyslipidemia holds consistent across
different genders, which merits consideration. One recent cohort
study established a strong positive association between SUA
levels and dyslipidemia in man but not in women participants.®!
Therefore, it does merit further study to determine more about
the association between SUA levels and dyslipidemia.

In this study, we first aimed to investigate the association of
SUA levels with dyslipidemia and its components and to explore
the age- and gender-specific association of SUA levels with
dyslipidemia in a large sample of Chinese adults. We also
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reviewed recently published studies that assessed the association
between SUA and dyslipidemia, and conducted a meta-analysis to
confirm our findings.

2. Methods
2.1. Study population

This cross-sectional study was performed among adults who
underwent their health examinations at Zhenhai Lianhua Hospital
during 2013. The participants were excluded if they were taking
antihypertensive agents or hypoglycemic agents or lipid-lowering
agents, or antihyperuricemic agents. Participants with incomplete
clinical data were also excluded. Finally, 8642 participants
(5948 men and 2694 women) were enrolled in this study.

Ethical permission was obtained from the Ethic Committee of
the First Affiliated Hospital, College of Medicine, Zhejiang
University (reference number: 2019-1502). Given the observa-
tional nature of the study, written consent was not required.
Personal information was anonymized during data collection and
analysis.

2.2. Data collection

The survey consisted of health interview, physical measurements,
and laboratory examination. The interview was performed to
collect information on demographics (age, gender) and medical
conditions. At the time of the examination, weight, height, waist
circumference, and systolic and diastolic blood pressure were
measured. Body mass index (BMI) was calculated as body weight
in kilograms per height™®! (m?).

Fasting blood samples were obtained from all participates after
an overnight fast. SUA, TG, total low-density lipoprotein (LDL)-
and HDL-cholesterol, apoA1, apoB, fasting blood glucose, alanine
aminotransferase, aspartate aminotransferase, y-glutamyl trans-
peptidase, bile acids, and creatinine were measured using an
automatic biochemistry analyzer (Olympus, Kobe, Japan) with
standard methods. Hemoglobin, platelets, and white blood cell
counts were determined using a SYSMEX XT-1800 hematology
autoanalyzer according to the manufacturer’s instructions.

2.3. Diagnostic criteria and definitions

Dyslipidemia could be classified as hypercholesterolemia, hyper-
triglyceridemia, low HDL-cholesterolemia, or mixed hyperlipid-
emia, the last of which refers to combinations of 2 or more types
of hyperlipidemia.””! Dyslipidemia was defined according to
current lipids levels or use of anti-dyslipidemia medications in the
past month. The cut-off values for hypercholesterolemia, hyper-
triglyceridemia, and low HDL-cholesterolemia were total
cholesterol >6.22mmol/L (> 240mg/dL), triglyceride (TG) >
2.26 mmol/L (> 200 mg/dL), and HDL-cholesterol < 1.04 mmol/
L (< 40 mg/dL), respectively.''”! Hyperuricemia was defined as
SUA level >420 pmol/L (> 7.0 mg/dL) for men and > 360 wmol/
L (> 6.0 mg/dL) for women." ! MetS was defined by the modified
National Cholesterol Education Program Adult Treatment Panel
II report. 12!

2.4. Meta-analysis

We complied with the Preferred Reporting Items for Systematic
Reviews and Meta-analyses protocols throughout the design,
implementation, analysis, and reporting of our meta-analysis.!?!

Medicine

This meta-analysis was conducted by combining the results of
current study and those of previous studies on association
between uric acids and dyslipidemia. PubMed, Web of Science,
and EMBASE were searched for studies published as late as July
2019, using the following search terms: (“lipid” OR “triglycer-
ide” OR “cholesterol” OR “dyslipidemia”) AND (“uric acid”
OR “hyperuricemia”). (Related meta references are listed in the
supplementary section, http:/links.lww.com/MD/D752.) The
included studies all examined the association of dyslipidemia
or its components with the SUA level.
The exclusion criteria were as follows:

(1) Did not provide the data on odds ratio (OR) or HR with 95%
confidence intervals (Cls) or provide the minimum informa-
tion necessary to calculate these values,

(2) Literature reviews, and
(3) Editorials.

Two investigators (C.S.H., W.J.H.) independently extracted the
data. Cases of disagreement were resolved by discussion with a
third investigator. Information extracted from each article included
the name of the first author, publication date, study location, study
design, sample size, study population characteristics, covariates
adjusted in the multivariable analysis, definition of dyslipidemia or
its components, and OR (or HR) (95% CI) for comparison to
the highest with lowest SUA level categories. I statistic and the
Cochran Q tests were used to examine heterogeneity among the
studies. A random effects model was used to synthesize the pooled
OR in the presence (P <.10) or absence (P >.10) of heterogeneity.
Potential publication bias was evaluated by Begg and Egger tests.
The potential effect of publication bias was assessed by the Duval
and Tweedie trim-and-fill method.

2.5. Statistical analysis

Statistical analyses were performed using SPSS 18.0 for Windows
(SPSS, Chicago, IL). Continuous variables are here presented as
mean and standard division and were compared using the
Student ¢ test. Categorical variables were compared using the x>
test. Pearson correlation analysis was used to analysis the
correlation between SUA and lipid profile. A quintile-based
analysis was used by dividing SUA levels into quintiles, and the
lowest quintile was set as reference. The cutoff levels of SUA
quintiles were based on gender as follows. For males: quintile 1
(Q1)<278 pmol/L, 278 < Q2 <315 pumol/L, 315 < Q3<347p
mol/L, 347 < Q4<391pmol/L, and Q5 > 391 pmol/L; for
females: Q1 <200 pmol/L, 200 < Q2 <228 pmol/L, 228 < Q3 <
256 pmol/L, 256 < Q4 <294 umol/L, and Q5 > 294 wmol/L. We
used multivariable logistic regression to analyze the factors
associated with the likelihood of dyslipidemia or its components.
We also used 3 models with increasing degree of adjustment.
Model 1 was unadjusted, model 2 was adjusted for age, gender
and BMI, and model 3 was further adjusted for potential
confounders. Further subgroup analyses, which depended on age
and gender, were performed to explore the possible factors that
could affect the relationship between SUA levels and dyslipide-
mia. A 2-sided P<.05 was considered significant.

3. Results

3.1. Clinical characteristics of the participants

A total of 8642 participants (mean age 48.99+15.09 vyears,
68.83% men) were enrolled in this study. All the participants
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Clinical characteristics of participants according to serum uric acid quintiles.

Serum uric acid quintiles

Variables Overall a1 17} Q3 Q4 a5 P value
n (male/female) 5948/2694 1186/537 1190/538 1183/534 1195/540 1194/545

Age, yr 48.99+15.09 48.96+15.08 47.63+14.90 47.81+14.45 48.60+156.27 51.92+15.35 < .001
Body mass index (kg/m?) 23.26+3.04 22.29+2.82 22.56+2.92 23.25+2.91 23.62+2.91 24.58 +3.11 < .001
Waist circumference (cm) 82.34+8.99 80.10+8.66 80.47+8.78 82.09+9.01 83.34+8.72 85.65+8.61 < .001
Systolic blood pressure (mm Hg) 123.86+16.17 121.55+15.82 121.39+£15.77 123.29+16.13 124.43+15.68 128.61+16.35 < .001
Diastolic blood pressure (mm Hg) 77.14+10.28 75.32+10.02 75.75+9.72 77.41+10.23 77.76+10.09 79.43+10.78 < .001
Alanine aminotransferase (IU/L) 20.26+16.20 17.60+16.08 17.71+£12.69 20.04+16.53 21.49+16.27 24.40+17.93 < .001
Aspartate aminotransferase (IU/L) 21.47+9.67 20.26+9.10 20.11+7.60 21.37+10.14 21.90+10.69 23.69+10.07 < .001
~v-glutamyl transpeptidase (IU/L) 29.67 +32.54 23.10+20.27 24.75+21.01 29.01+32.93 31.82+38.97 39.60+40.77 < .001
Triglycerides (mmol/L) 1.28+0.91 1.01+0.67 1.07 +0.66 1.26+0.93 1.38+0.92 1.66+1.12 < .001
Total cholesterol (mmol/L) 5.07+0.94 4.93+0.91 4.94+0.90 5.05+0.90 515+0.93 5.29+1.00 < .001
HDL cholesterol (mmol/L) 1.56+0.37 1.65+0.38 1.61+0.36 1.56+0.36 1.53+0.35 1.48+0.36 < .001
LDL cholesterol (mmol/L) 2.90+0.78 2.79+0.76 2.80+0.76 2.90+0.75 2.96+0.77 3.04+0.82 < .001
ApoB (/L) 0.67+0.20 0.63+0.18 0.64+0.19 0.67+0.18 0.70+0.20 0.73+0.20 < .001
Bile acid (nmol/L) 2.97+2.83 2.90+2.75 2.98+3.32 3.01+£3.05 2.94+225 3.01+2.70 751
Creatinine (mol/L) 59.40+17.78 56.74+12.07 57.62+12.00 59.16+16.23 60.19+13.82 64.24+28.18 < .001
Uric acid (wmol/L) 308.32+78.39 222.63+41.01 270.74+39.39 302.23+41.71 337.38+44.68 407.61+64.85 < .001
Fasting blood sugar (mmol/L) 521+0.95 529+1.33 514+0.88 511+0.72 520+0.89 5.30+0.79 < .001
Metabolic syndrome (yes/no) 1173/7469 125/1598 129/1599 198/1519 293/1442 428/1311 < .001

Data are expressed as the means -+ standard division. Participants were classified into quintiles according to their serum uric acid levels. For males: quintile 1 (Q1) < 278 wmol/L, 278 < Q2 < 315 wmol/L, 315
< Q3 < 347 wmol/L, 347 < Q4 <391 wmol/L, and Q5 > 391 pmol/L; for females: Q1 < 200 wmol/L, 200 < Q2 < 228 wmol/L, 228 < Q3 < 256 wmol/L, 256 < Q4 < 294 umol/L, and Q5 > 294 wmol/L.

were divided into quintiles according to their SUA levels, and
their clinical characteristics were compared based on the SUA
quintiles. We found that participants with higher SUA quintiles
were older and had higher BMI, waist circumference, systolic and
diastolic blood pressure, serum liver enzymes, TG, total- and
LDL-cholesterol, apoB, fasting blood sugar, and creatinine levels
but lower HDL-cholesterol levels (Table 1). These results suggest
a significant association between SUA levels and metabolic
abnormalities.

3.2. Association of SUA levels with prevalence of
dyslipidemia

Of 8642 participants enrolled, 799 met the diagnostic criteria for
hyperuricemia, and 1766 met the diagnostic criteria for
dyslipidemia. Of 1766 participants with dyslipidemia, 425 were
hypertriglyceridemia, 779 were hypercholesterolemia, and 215
were low HDL-cholesterolemia, and 347 had mixed dyslipide-
mia. The prevalence of dyslipidemia was significantly higher in
participants with hyperuricemia than those without hyperurice-
mia (Table 2). We found that the prevalence of dyslipidemia was
positively associated with SUA quintiles (Fig. 1). Furthermore,
Pearson correlation analysis indicated that SUA was positively
correlated with TG (r=0.271, P <.001), while SUA was negative

correlated with HDL-¢ (r=-0.315, P<0.001). These results
indicate a positive association between SUA levels and
dyslipidemia and its components.

3.3. Association of SUA levels with the likelihood of
dyslipidemia

Both univariable and multivariable logistic regression analyses
were performed to explore risk factors associated with
dyslipidemia (Table 3). In univariable analysis, SUA levels were
significantly closely associated with the likelihood of dyslipide-
mia, the OR and 95% CI was 1.004 (1.004-1.005). In
multivariable analysis, SUA levels remained significantly closely
associated with the likelihood of dyslipidemia. We further
analyzed the association of SUA quintiles with the likelihood of
dyslipidemia. We found that SUA quintiles were linearly
correlated with the likelihood for dyslipidemia (Table 4).
Compared with participants with SUA in the first quintile, the
OR (95% CI) of dyslipidemia in the second, third, fourth, and
fifth quintiles of SUA were 1.095 (0.901-1.332), 1.582 (1.315-
1.904), 2.095 (1.752-2.505), and 3.212 (2.702-3.818), respec-
tively. In models 2 and 3, the correlation was attenuated but
remained significant after adjustment for other covariates. We
also found that SUA quintiles were linearly correlated with the

Comparison of dyslipidemia prevalence between hyperuricemic and non-hyperuricemic participants.

Hyperuricemia (n=799) Non-hyperuricemia (n=7843) %2 value P value
Dyslipidemia (yes/no, n) 275/524 1491/6352 105.971 < .001
Hypertriglyceridemia (yes/no, n) 91/708 334/7509 78.85 < .001
Hypercholesterolemia (yes/no, n) 81/718 698/7145 1.355 244
low HDL-cholesterolemia (yes/no, n) 30/769 185/7658 5.824 .016
Mixed hyperlipidemia (yes/no, n) 73/726 274/7569 59.910 < .001

HDL = high-density lipoprotein.
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Figure 1. Prevalence of dyslipidemia and its classification according to quintiles of serum uric acid levels. The participants were classified into quintiles according to
their serum uric acid levels. For males: quintile 1 (Q1) <278 wmol/L, 278 < Q2 <315 umol/L, 315 < Q3 < 347 pmol/L, 347 < Q4 <391 umol/L, and Q5 > 391 umol/
L; for females: Q1 <200 pmol/L, 200 < Q2 <228 umol/L, 228 < Q3 < 256 pmol/L, 256 < Q4 < 294 pmol/L, and Q5 > 294 pmol/L. High TG =hypertriglyceridemia,
High TC = hypercholesterolemia, Low HDLC =low high-density lipoprotein cholesterolemia, Mix =two or more combinations of hyperlipidemia. P-values for positive
association between SUA levels and dyslipidemia and its classification are less than .001.

likelihood for the components of dyslipidemia (Table S1, http:/
links.lww.com/MD/D749). These results suggest that partici-
pants with higher SUA levels had higher likelihood of
dyslipidemia.

3.4. Effect of age and gender on the association of SUA
levels with dyslipidemia

Subgroup analyses were conducted to determine whether the
correlation between SUA levels and dyslipidemia was affected by
gender. In these subgroup analyses, SUA quartiles were linearly
associated with dyslipidemia in both sexes (Table S2, http://links.
lww.com/MD/D750). In addition, we further conducted sub-
group analyses depend on age and gender. We found that in
females aged > 50 years and in males, SUA quintiles were linearly
correlated with the likelihood of dyslipidemia (Table 3).
However, the association between SUA quintiles and the
likelihood of dyslipidemia was not statistically significant in
females aged <50 years, after adjusting for related covariates in
models 2 and 3 (Table 5). These results indicate that the
association between SUA levels and dyslipidemia is affected by
age and gender.

3.5. Meta-analysis

A total of 17 studies met the criteria for this meta-analysis. Of
these, 5 studies (6 data points) investigated the association
between dyslipidemia and SUA level, 12 studies (16 data points)
investigated the association between hypertriglyceridemia and
SUA level, and 10 studies (14 data points) investigated the
association between low HDL-cholesterolemia and SUA level.
The detailed steps of literature search are given in Figure S1,
http://links.lww.com/MD/D746, and the characteristics of the
included studies are listed in Table S3, http://links.lww.com/MD/
D751. Fig. 2 summarizes the association between uric acids and
dyslipidemia or its components, based on the previously
published studies and the current study. Higher uric acid level
was significantly related to an increased likelihood of dyslipide-
mia and the pooled OR for the highest uric acid level vs the lowest
uric acid level was 1.84 (95% CI: 1.49-2.28) (I>’=74.9%,

P <.01). A higher uric acid level was significantly related with an
increased likelihood of hypertriglyceridemia and the pooled OR
for the highest uric acid level vs. the lowest uric acid level was
2.27(95% CI: 1.86-2.77) (I*=84.6%, P < .01). Higher uric acid
levels were significantly closely related to an increased likelihood
of low HDL-cholesterolemia, and the pooled OR for the highest
uric acid level vs the lowest uric acid level was 1.39 (95% CI:
1.12-1.73) (I*’=78.8%, P<.01). We conducted a further
sensitivity analysis, shown in Figure S2, http:/links.lww.com/
MD/D747, and found that no matter which article we excluded,
the results did not change.

The results of Egger and Begg tests gave no evidence of
significant bias in the dyslipidemia studies and low HDL-
cholesterolemia (Dyslipidemia: Egger tests, P=.758, Begg tests,
P=1.000; low HDL-cholesterolemia: Egger tests, P=.390, Begg
tests, P=.621) (Figure S3, http:/links.lww.com/MD/D748).
However, the Egger regression test (P=.005) suggested the
possibility of publication bias in hypertriglyceridemia related
studies. The existing publication bias was adjusted using the trim-
and-fill method. These results suggested that six hypothetical
negative, unpublished prospective studies generated an asym-
metric funnel plot. To achieve symmetry, we incorporated these
six hypothetical studies. The statistical significance of this
relationship remained (pooled OR, 1.79; 95% CI, 1.46-2.18).

4. Discussion

In the literature, the correlation between hyperuricemia and
dyslipidemia remains uncertain. In this study, we conducted a
large cross-sectional study and subsequent meta-analysis to
clarify the relationship between SUA levels and dyslipidemia. We
found that SUA levels were significantly closely associated with
dyslipidemia and its components. We also expanded upon
previous findings that SUA levels was not significantly associated
with dyslipidemia in females age <50 years. These results
suggested that age and gender may affect the relationship
between SUA levels and dyslipidemia.

Many studies have confirmed that not all components of
dyslipidemia are associated with SUA levels, especially HDL-
cholesterol. For example, recent studies conducted in humans of
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Logistic regression analysis of dyslipidemia with anthropometric and biochemical variables.

Variables Univariable Multivariable

OR 95% CI P value OR 95% CI P value
Age, yr 1.017 1.014-1.021 <.001 1.018 1.014-1.022 < .001
Gender (male) 0.972 0.869-1.088 625
Body mass index (kg/m?) 1.146 1.126-1.166 <.001 1.074 1.045-1.105 < .001
Waist circumference (cm) 1.043 1.037-1.049 <.001 0.988 0.978-0.998 018
Systolic blood pressure (mm Hg) 1.019 1.015-1.022 <.001
Diastolic blood pressure (mm Hg) 1.031 1.026-1.036 <.001 1.012 1.007-1.018 < .001
Alanine aminotransferase (IU/L) 1.017 1.014-1.021 <.001 1.012 1.006-1.018 < .001
Aspartate aminotransferase (IU/L) 1.024 1.018-1.029 <.001 0.981 0.971-0.991 < .001
~v-glutamyl transpeptidase (IU/L) 1.013 1.012-1.015 <.001 1.009 1.007-1.011 < .001
Bile acid (nmol/L) 1.001 0.983-1.020 879
Creatinine (mol/L) 1.001 0.998-1.004 426
Fasting blood sugar (mmol/L) 1.212 1.154-1.274 <.001
Uric acid (pmol/L) 1.004 1.004-1.005 <.001 1.003 1.002-1.004 < .001

Variables which were statistically significant in the univariate regression analyses were included in multivariate regression analyses. Backward stepwise regression was used in multivariate logistic regression
analyses (probability to enter=0.05 and probability to remove =0.10).
Cl = confidence interval.

Odds ratios and 95% confidence intervals for dyslipidemia according to serum uric acid quintiles.

0dds ratios (95% confidence interval)

Models a1 (n=1723) 02 (n=1728) Q3 (n=1717) 04 (n=1735) 5 (n=1739) x2 value P value
Model 1 1 1.095 (0.901-1.332) 1.582 (1.315-1.904) 2.095 (1.752-2.505) 3.212 (2.702-3.818) 257.361 < .001
Model 2 1 1.078 (0.885-1.313) 1.462 (1.211-1.764) 1.854 (1.545-2.224) 2.497 (2.088-2.985) 147.169 < .001
Model 3 1 1.091 (0.893-1.333) 1.412 (1.165-1.711) 1.709 (1.417-2.060) 2.162 (1.795-2.606) 91.945 < .001

Model 1 was unadjusted. Model 2 was adjusted for age, gender, and body mass index. Model 3 was further adjusted for waist circumference, systolic and diastolic blood pressure, fasting blood glucose, alanine
aminotransferase, aspartate aminotransferase, and vy-glutamyl transpeptidase, creatinine, and bile acid.

Participants were classified into quintiles according to their serum uric acid levels. For males: quintile 1 (Q1) <278 wmol/L, 278 < Q2 < 315 wmol/L, 315 < Q3 < 347 wmol/L, 347 < Q4 < 391 wmol/L, and
Q5 > 391 wmol/L; for females: Q1 <200 wmol/L, 200 < Q2 <228 wmol/L, 228 < Q3 <256 wmol/L, 256 < Q4 <294 umol/L, and Q5 > 294 wmol/L.

Odds ratios and 95% confidence intervals for dyslipidemia according to serum uric acid quintiles in different age and gender group.
0dds ratios (95% confidence interval)

Gender Age Models Q1 (n=533) 02 (h=451) Q3 (n=420) 04 (n=423) 05 (n=489) x* value P value
Male Age <50  Model 1 1 1.067 (0.778-1.463) 1.699 (1.267-2.280) 2.210 (1.661-2.940) 3.691 (2.790-4.883)  131.409 <.001
Model 2 1 1.059 (0.767-1.463) 1.513 (1.119-2.047) 1.876 (1.397-2.519)  2.733 (2.043-3.656) 70298 < .001
Model 3 1 1.043 (0.750-1.451)  1.371 (1.004-1.874)  1.656 (1.220-2.248)  2.118 (1.555-2.885) 35.059 < .001
Gender Age Models Q1 (n=653) 02 (n=739) Q3 (n=763) Q4 (n=772) 05 (n=705) x% value P value
Male Age >50  Model 1 1 1.216 (0.852-1.735)  1.579 (1.115-2.234)  1.885 (1.343-2.644)  2.507 (1.823-3.448) 39.618 < .001
Model 2 1 1.168 (0.816-1.671)  1.445 (1.016-2.054)  1.727 (1.225-2.435)  2.231 (1.605-3.099) 28714 < .001
Model 3 1 1.157 (0.805-1.663)  1.375 (0.958-1.973)  1.628 (1.143-2.317)  1.985 (1.406-2.804) 18.844 .001
Gender  Age Models Q1 (n=344) 02 (n=340) 03 (n=283) 04 (n=233) 05 (n=145) x* value P value
Female  Age <50  Model 1 1 1.871 (0.955-3.664) 2.085 (1.052-4.132)  2.335 (1.162-4.692) 4.216 (2.091-8.501) 16.931 .002
Model 2 1 1.850 (0.938-3.648) 1.874 (0.937-3.746)  2.150 (1.058-4.367)  2.950 (1.410-6.172) 8.587 072
Model 3 1 1.854 (0.934-3.678)  1.946 (0.966-3.922) 2.055 (0.999-4.226) 2.834 (1.335-6.014) 4.226 106
Gender Age Models Q1 (n=193) 02 (n=198) Q3 (n=251) 04 (n=307) 05 (n=400) xZvalue P value
Female  Age >50  Model 1 1 0.785 (0.502-1.227)  0.998 (0.661-1.505)  1.370 (0.931-2.018)  1.624 (1.124-2.347) 19.773 .001
Model 2 1 0.780 (0.498-1.220)  0.991 (0.655-1.498)  1.346 (0.910-1.990)  1.574 (1.078-2.299) 17.084 .002
Model 3 1 0.744 (0.473-1.171)  0.987 (0.649-1.500) 1.292 (0.866—-1.925)  1.514 (1.024-2.240) 14,951 .005

Model 1 was unadjusted. Model 2 was adjusted for age and body mass index. Model 3 was further adjusted for waist circumference, systolic and diastolic blood pressure, fasting blood glucose, alanine
aminotransferase, aspartate aminotransferase, and vy-glutamyl transpeptidase, creatinine, and bile acid.
Participants were classified into quintiles according to their serum uric acid levels. For males: quintile 1 (Q1) <278 wmol/L, 278 < Q2 < 315 wmol/L, 315 < Q3 < 347 wmol/L, 347 < Q4 < 391 wmol/L, and
Q5 > 391 wmol/L; for females: Q1 <200 wmol/L, 200 < Q2 <228 wmol/L, 228 < Q3 <256 wmol/L, 256 < Q4 <294 wmol/L, and Q5 >294 mol/L.
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Figure 2. Meta-analysis of the association between serum uric acids and dyslipidemia, hypertriglyceridemia, and low HDL-cholesterolemia. (A) The association
between serum uric acids and dyslipidemia; (B) the association between serum uric acids and hypertriglyceridemia; (C) the association between serum uric acids
and low HDL-cholesterolemia. low HDL-cholesterolemia=Ilow high-density lipoprotein cholesterolemia.
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different races described a significant association between SUA
levels and TG but no association with HDL-cholesterol.l'*'%) In
addition, inconsistent opinions also have been published that uric
acid is related positively to HDL-cholesterol.'*®! However,
despite mixed results across other studies, our study showed a
positive association with each component of dyslipidemia,
including hypertriglyceridemia, hypercholesterolemia and low
HDL-cholesterolemia. Our results are also consistent with some
prospective studies that established that high SUA levels increase
the likelihood of dyslipidemia, *”! and this is independently
associated with an increased likelihood of development of
MetS."®! These results also indicated that uric acid might
contribute to the development of dyslipidemia. Uric acid has been
widely recognized as a risk factor for the development of various
cardiovascular diseases (CVDs), such as hypertension "' and
coronary heart disease.!®! Some clinical studies also suggested
that treating of hyperuricemia have a positive effect on outcomes
in CVDs.1?% It is widely accepted that dyslipidemia and CVDs
cause and affect each other. Therefore, diet control and
management of uric acid level might be advisable in patients
with hyperuricemia so that those at an increased likelihood of
developing dyslipidemia and further CVDs. This could be used to
identify patients who might benefit from precautions to reduce
the likelihood of diseases.

In terms of the gender differences, most studies have suggested
that the association between SUA and dyslipidemia is not present
in female humans.!®! However, in our study, we observed such an
association in both male and female participants. When we
divided the female participants into 2 groups by the age of 50,
which is considered menopausal age for the majority of Asian
women, 2! the association between SUA levels and dyslipidemia
was present among post-menopausal but not pre-menopausal
women. Similar results were also reported by Techatraisak et al in
post-menopausal Thai women.”?! Thus, the inconsistency
among previous studies might be attributable to menopausal
status. Several epidemiological studies have reported that SUA
levels are higher in men than in women,™®! and the levels
increased after menopause.””*! It has been reported that estrogen
plays a role in renal clearance, secretion, and reabsorption, so
affecting SUA levels.**! Estrogen in pre-menopausal women
enhances uric acid excretion and causes a greater renal clearance
of uric acid. #°! Therefore, it is very likely that endogenous
estrogen may be the cause of the lack of any relationship between
SUA levels and dyslipidemia in pre-menopausal women. Further
studies are needed to clarify the mechanism for this phenomenon.

The present work has several limitations. First, our cross-
sectional study could not establish any causal relationship
between SUA levels and dyslipidemia. Second, a selection bias
could be introduced, for the study participants volunteered for
the health examination. Third, parameters of lifestyle factors
such as diet and physical activity were not included in the
questionnaire, which may affect the SUA levels. Fourth, the
relationship between uric acid and fractions of cholesterol is very
complex, and our study examined only the relationship between
uric acid and lipid profiles as a variable to variable relationship.
Further studies are necessary for a deeper explanation and to
clarify these issues.

5. Conclusions

In conclusion, we found that elevated SUA levels were
significantly related to dyslipidemia and its components, and

www.md-journal.com

we provided evidence for the first time that this relationship is
affected by age and gender.
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