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ABSTRACT

Background and Aims: Dyslipidemia is a major risk factor for cardiovascular disease (CVD) and is increasingly prevalent
globally, particularly in developing countries undergoing lifestyle transitions. Serum uric acid (SUA) has been implicated in
various metabolic disorders, including dyslipidemia. This study aimed to evaluate the association between high SUA and the
10-year prospective risk of dyslipidemia.

Methods: This cohort study uses data from the Yazd Healthy Heart Project (YHHP). Participants were followed for 10 years,
during which the association between dyslipidemia incidence and SUA levels was assessed using multivariate Cox proportional
hazard models.

Results: Among 693 participants analyzed, higher SUA quartiles were associated with older age, male gender, and adverse
anthropometric and metabolic profiles. Elevated SUA levels correlated positively with triglycerides (r = 0.21, p < 0.001), total
(r=0.13, p<0.001) and low-density lipoprotein cholesterol (r=0.12, p =0.001) levels, but not with high-density lipoprotein
cholesterol (r=0.07, p > 0.05). After adjusting for age, lifestyle factors, and metabolic parameters, the incidence of dyslipidemia
increased across SUA quartiles in males, with adjusted hazard ratios of 1.33 (95% CI: 0.90-1.97), 1.66 (95% CI: 1.10-2.54), and
1.79 (95% CI: 1.17-2.72) for the second, third, and fourth quartiles of SUA, respectively (p for trend 0.001), but not in females:
1.11 (95% CI: 0.59-2.06), 0.95 (95% CI: 0.55-1.64), and 1.14 (95% CI: 0.60-2.16), respectively, p for trend 0.86.

Conclusion: Elevated SUA levels independently associated with the development of dyslipidemia over a decade in an Iranian
population. The findings underscore the potential utility of SUA as a biomarker for assessing dyslipidemia risk, particularly in
men. Further research should explore mechanistic pathways linking SUA to dyslipidemia and evaluate interventions targeting
SUA reduction to mitigate dyslipidemia risk.

Abbreviations: BMI, body mass index; CVD, cardiovascular disease; DBP, diastolic blood pressure; DM, diabetes mellitus; FBS, fasting blood sugar; HC, hip circumference; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; MetS, metabolic syndrome; SBP, systolic blood pressure; SUA, serum uric acid; TC, total cholesterol; TG, triglycerides; WC, waist
circumference; WHR, waist/hip ratio; YHHP, Yazd Healthy Heart Project.
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1 | Introduction

Dyslipidemia is a preventable risk factor for cardiovascular
disease (CVD), which is one of the main causes of death all
over the world [1]. Additionally, it is closely associated with
obesity, diabetes mellitus (DM), metabolic syndrome (MetS),
and nonalcoholic fatty liver disease. These conditions provide
substantial public health issues on a global basis [2, 3]. The
occurrence of dyslipidemia has increased in numerous
developing countries in recent years as a result of lifestyle
modifications linked to economic progress [4]. The substan-
tial increase in overweight and obesity rates, particularly
among adolescents, is likely to lead to a higher incidence
of DM and dyslipidemia in the near future. Iran, a country
with a population of over 80 million, primarily concentrated
in urban areas, has a significant issue of poor metabolic
health. Hence, it is imperative to manage dyslipidemia to
decrease the incidence of premature deaths caused by CVDs
in the country and achieve a third reduction in mortality by
2030 [5].

Serum uric acid (SUA) is the final product of purine metab-
olism, originating from both endogenous and exogenous
sources [6]. Endogenous purines, which constitute 80% of
total body purines, result mainly from the breakdown of
nucleic acids within the body [7]. Exogenous purines are
derived from dietary sources like seafood, fatty meats, organ
meats (e.g., liver, kidney), fructose, and alcohol [8]. Factors
such as dietary habits, lifestyle choices, and medication use
can influence SUA levels [9, 10]. Both genetic predisposition
and environmental factors contribute to the variability in
SUA levels [11]. Over recent decades, there has been a rising
prevalence of hyperuricemia observed in Western countries
as well as in China [12, 13].

Epidemiological studies have demonstrated that elevated
SUA levels are increasingly associated with hypertension,
CVD, and MetS [14, 15]. An elevated SUA level is associated
with increased risks of both all-cause mortality and cardio-
vascular mortality [16, 17]. The associations between SUA
and risk factors for CVD make it difficult to determine if SUA
directly causes these problems or just acts as an indicator for
persons who are at higher risk. SUA levels are linked to other
conventional risk factors such as blood lipids, MetS, and DM
[18]. The exact function of SUA in these conditions is still a
matter of disagreement and is now being discussed, as it can
often be linked with other risk factors such as diet, dyslipi-
demia, and obesity. Increasing evidence indicates that
hyperuricemia, or high levels of SUA, is related to MetS and
its component parts, even when SUA levels are within the
normal range. The correlation between SUA and dyslipide-
mia is complicated and yet not entirely explained [11]. There
are limited studies investigating the relationship between
SUA levels and lipid profiles in adult populations from India
[18], Ttaly [19], and the USA [11]. However, recent studies
suggesting a link between SUA levels and dyslipidemia
remain controversial. Therefore, this study aimed to investi-
gate the association between SUA levels and dyslipidemia in
a large-scale Iranian population participating in the Yazd
Healthy Heart Project cohort.

2 | Materials and Methods

2.1 | Study Design and Study Subjects

This cohort study aimed to determine if high SUA levels con-
tribute to the development of dyslipidemia. The research used
data from the YHHP, involving 2000 individuals aged
20-74 years. These participants were part of the YHHP, an
epidemiological study focused on CVDs and metabolic dis-
orders within the general population. The participants were
selected from the urban population of Yazd city, the capital of
Yazd province, located in central Iran. Detailed information
about the YHHP has been previously published, along with a
previous study based on this cohort database [20, 21].

2.2 | Included Participants

At baseline, the prevalence of dyslipidemia was 47.2% (n = 944).
As a result, all participants who had not been diagnosed with
dyslipidemia at baseline (2005-2006) (n = 1056) were included
in the current study. These individuals were followed for
10 years and reassessed for dyslipidemia during 2015-2016. Of
the 1056 participants who underwent the baseline examination,
78 were excluded due to death during the study, and 285 were
excluded due to missing data. The remaining 693 participants
were included in the present study.

2.3 | Data Collection

The questionnaire included demographic characteristics, edu-
cation, physical activity, and smoking, which were obtained
with face-to-face interviews. Participants were categorized
based on their educational attainment into three groups: pri-
mary, high school, and academic education. Physical activity
levels were assessed using the International Physical Activity
Questionnaire (IPAQ), which classified participants into low,
moderate, and high activity groups.

Based on their current smoking status, the participants were
divided into two categories: smokers and non-smokers. Blood
pressure was measured following the YHHP cohort protocol
using an automatic digital blood pressure monitor (Omron, M6
Comfort, Osaka, Japan). Weight (kg), height (cm), waist cir-
cumference (WC), hip circumference (HC), waist/hip ratio
(WHR), Body mass index (BMI), as anthropometric markers
were measured based on the cohort study protocol. Dyslipide-
mia was defined as TC > 240 mg/dL, LDL-C > 160 mg/dL, HDL-
C <40 mg/dL, and TG > 200 mg/dL [22] or medical treatment
or confirmed dyslipidemia by a physician.

2.4 | Biochemical Measurements

Blood samples were collected from the antecubital vein after a
12-h fasting period. Following centrifugation, serum was iso-
lated for biochemical analysis. SUA and fasting blood sugar
(FBS) were measured using Pars Azmoon Kkits (Pars Azmoon
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Inc., Tehran, Iran), while the lipid profile, including triglycer-
ides (TG), total cholesterol (TC), high-density lipoprotein cho-
lesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-
C), was measured using Bionic kits (Bionic Company, Tehran,
Iran). The analyses were conducted using a biochemical auto
analyzer (BT 3000, Italy) at the medical laboratory of Afshar
Hospital in Yazd, Iran.

2.5 | Ethical Consideration

The study was performed in accordance with the guidelines of
the Declaration of Helsinki. The Shahid Sadoughi University of
Medical Sciences ethics committee approved the present study
(Ethic code IR.SSU.REC.1402.105). Eligible participants were
included in the study after signing the informed consent form.
The data collection process ensured complete anonymity, with
no personally identifiable information included in the individ-
ual data. This study adhered to the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) guide-
lines [23].

2.6 | Statistical Analysis

The statistical analysis was conducted using IBM SPSS version 23
(SPSS Inc., Chicago, IL, United States). Continuous variables were
reported as the mean and standard deviation. The categorical
variables were shown as frequency and percentage. The correla-
tion between lipid profiles and SUA levels was evaluated using
Pearson's correlation test. A one-way analysis of variance
(ANOVA) was conducted to find out the differences among the
groups. A quantile-based analysis was conducted by dividing
the levels of SUA into quartiles, with the lowest quartile being
established as the reference. The threshold levels of SUA quartiles
were determined based on gender as follows. For males: Quartile 1
(Q1) < 3.82mg/dL, 3.82 < Q2 < 4.6 mg/dL, 4.6 < Q3 < 5.37 mg/dL,
and 5.37 mg/dL < Q4. For females: Quartile 1 (Q1) < 2.95 mg/dL,
2.95<Q2 < 3.5mg/dL, 3.5<Q3 < 4.1 mg/dL, and 4.1 mg/dL < Q4.
Multivariable Cox proportional hazard models were employed to
estimate the risk of new-onset dyslipidemia. Three models were
evaluated: Model I was adjusted for age and sex; Model II included
additional adjustments for smoking, physical activity, and educa-
tion; and Model III was further adjusted for BMI, WHR, FBS, SBP,
and DBP. A two-sided p-value of less than 0.05 was considered as
statistically significant.

3 | Results

3.1 | Clinical Characteristics of the Participants
A total of 693 participants (mean age 44.57 + 14.31 years; 54.3%
males) were enrolled in this study. The individuals were cate-
gorized into quartiles according to their SUA levels, and their
characteristics were compared among these quartiles. Partici-
pants in the higher SUA quartiles tended to be older, more
likely to be male, and had higher weight, BMI, WC, WHR, SBP,
DBP, TG, total cholesterol, and LDL-C levels, but lower HDL-C
levels (Table 1).

3.2 | Association of SUA With Incidence of
Dyslipidemia and Lipid Profiles

Among the 693 participants included, 456 matched the diag-
nostic criteria for dyslipidemia. Out of a total of 456 participants
who had dyslipidemia, 135 (29.6%) had hypertriglyceridemia,
110 (24.12%) had hypercholesterolemia, 283 (62%) had low HDL
cholesterolemia, and 103 (22.58%) had hyper LDL cholester-
olemia. Pearson correlation analysis showed that SUA levels
had a positive correlation with TG, TC, and LDL levels
(p<0.01), although no significant correlation was found
between SUA and HDL levels (Figure 1).

The overall incidence of newly diagnosed dyslipidemia
throughout the follow-up period was 65.8%. The incidence of
newly developed dyslipidemia was 57.9%, 64.6%, 68.1%, and
73.6% in quartiles 1-4, respectively. In comparison to the Q1
group, the hazard ratio (HR) and 95% confidence interval
(CI) for the occurrence of dyslipidemia in Model I were 1.016
(0.77-1.33), 1.48 (1.13-1.94), and 1.7 (1.27-2.27) in the Q2,
Q3, and Q4 groups, respectively. In the gender-specific
analysis, it was found that the incidence of dyslipidemia
increased across SUA quartiles in males, with adjusted haz-
ard ratios of 1.33 (95% CI: 0.90-1.97), 1.66 (95% CI:
1.10-2.54), and 1.79 (95% CI: 1.17-2.72) for the second, third
and fourth quartiles of SUA, respectively (p for trend 0.001),
but not in females: 1.11 (95% CI: 0.59-2.06), 0.95 (95% CI:
0.55-1.64), and 1.14 (95% CI: 0.60-2.16), respectively, p for
trend 0.86 (Table 2).

4 | Discussion

Our study was a part of a cohort study with a median of 10 years
of follow-up conducted for evaluating CVDs and metabolic
disorders in central Iran. To the best of our knowledge, there
are few studies which focused on the incidence of the dyslipi-
demia at different levels of SUA in a representative sample of
healthy individuals. Several important implications can be
drawn from our research. First, SUA level was positively cor-
related with TG, TC, and LDL levels. Second, anthropometric
parameters such as weight, BMI, WC, and WHR were higher in
subjects with higher SUA concentration. Third, elevated base-
line SUA concentration was significantly associated with the
increased the risk of dyslipidemia in healthy individuals after
adjusting for potential confounders. Fourth, when the analysis
was further stratified by gender, the association was observed
only in the group of male participants.

Our findings align with several prospective studies indicat-
ing that elevated SUA levels increase the risk of dyslipide-
mia [24-26]. Consistent with previous -cross-sectional
[26-28] and prospective [29, 30] studies conducted among
Chinese, Japanese, Portuguese [31], and American popula-
tions [32], our results reinforce this association between
elevated SUA and dyslipidemia. For instance, Zheng et al.
demonstrated in a longitudinal study that high SUA levels
significantly increased the risk of hypertriglyceridemia
(hazard ratio, 1.43) over an 8-year follow-up period [33]. But
these studies did not show the relationship between dysli-
pidemia and uric acid.
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TABLE 1 | Characteristics of the study population according to quartiles of serum uric acid.

Serum uric acid quartiles

Q1IN =190 Q2N =158 Q3N =182 Q4N =163 p-value

Age (years) 41.3+12.9 442 +13.6 46.2 +15.4 46.9 + 14.7 0.001
Mean follow-up (years) 9.9+1.0 10.1+0.9 9.8+1.0 9.8+0.9 0.027
Male (%) 45 (23.7%) 74 (46.8%) 124(68.1%) 133 (81.6%) 0.001
Education (%) 0.17

Primary 100 (53.5%) 78 (50.6%) 91 (52.9%) 64 (41%)

High school 73 (39%) 57 (37%) 61 (35.5%) 71 (45.5%)

Academic 14 (7.5%) 19 (12.3%) 20 (11.6%) 21 (13.5%)
Anthropometry

Weight (kg) 65.2+11.6 69.2+11.1 70.8 +11.6 77.3+12.3 < 0.001

WHR 0.87+£0.10 0.88 +£0.09 0.90 +0.07 0.92 +£0.08 < 0.001

WC (cm) 88.5+11.8 90.0+11.2 91.3+12.0 96.0 +12.7 < 0.001

HC (cm) 100.7 +11.1 102.6 +9.9 101.2+9.1 103.9+9.2 0.011

Waist 88.5+11.8 89.0+11.2 91.3+12.0 96.0 +12.7 <0.001

BMI (kg/mz) 24.95 +4.36 2543 +£4.32 25.41 +£4.36 26.68 +3.90 0.002
Current smokers (%) 18 (9.5%) 30 (19.0%) 32 (17.6%) 33 (20.2%) 0.024
Physical activity (%) 0.09

Low 57 (47.1%) 66 (50.4%) 83 (59.7%) 74 (56.5%)

Moderate 17 (14.0%) 10 (7.6%) 10 (7.2%) 18 (13.7%)

High 47 (38.8%) 55 (42.0%) 46 (33.1%) 39 (29.8%)
Blood pressure (mm Hg)

SBP 121+ 14 124 + 14 126 + 14 130+ 15 0.001

DBP 79+9 80+38 82+7 84+9 0.001
Blood levels (mg/dL)

FBS 97.5+45.98 97 +£34.2 91.57 £23.25 92.38 +£20.37 0.2

TC 172.4 +31.1 178.5 + 30.4 180.8 + 33.5 185.0 +30.2 0.002

LDL-C 92.7+28.1 99.4 +£25.1 97.5+31.2 104.2 +£29.0 0.002

TG 107.2 +42.6 109.0 + 35.9 122.3 +40.9 129.3 +39.6 <0.001

HDL-C 57.6 +11.6 57.3+10.9 58.1+11.6 55.4+10.5 0.12

WHR, waist/hip ratio; WC, waist circumference; HC, hip circumference; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBS, fasting
blood sugar; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol. Total participants were
classified into quartiles according to their SUA levels. Quartile 1 (Q1) < 3.4 mg/dL, 3.4 < Q2 <4.1 mg/dL, 4.1 < Q3 < 4.9 mg/dL, 4.9 mg/dL < Q4. For Females: Quartile 1
(Q1) < 2.95 mg/dL, 2.95 < Q2 < 3.5 mg/dL, 3.5 < Q3 < 4.1 mg/dL, 4.1 mg/dL < Q4.

+ The relationship between SUA concentration and blood non-crystal-forming hyperuricemia [31]. The exact biolog-

lipid profiles varies across different populations [34-36]. In
our study, we found that SUA levels were associated with
TG, TC, LDL-C, and non-HDL. Recent research across
diverse populations has demonstrated a significant corre-
lation between SUA levels and TG, while the association
with HDL remains inconclusive. Previous studies have
found a correlation between SUA and TG, consistent with
our findings [37, 38]. It is hypothesized that TG synthesis
requires NADPH, leading to increased SUA production
[11]. Uric acid promotes oxidative stress intracellularly by
activating NADPH oxidase, which attaches to the mito-
chondrial membrane, causing mitochondrial oxidative

ical mechanism linking SUA to dyslipidemia is not fully
understood, but some authors propose that uric acid has
pro-inflammatory effects by stimulating various inflamma-
tory molecules [39]. Additionally, SUA can inhibit adipo-
nectin synthesis in adipocytes by reducing nitric oxide
production in arterial endothelial cells, disrupting the tri-
carboxylic acid cycle and fatty acid -oxidation, and pro-
moting cellular oxidative activity [40], which reduce the
decomposition of serum triglycerides, leading to the higher
incidence of hypertriglyceridemia in participants with high
SUA levels.

stress. This stress induces pro-inflammatory signaling and
stimulates the innate immune system, perhaps elucidating
how wuric acid induces subclinical inflammation in

Several epidemiological studies have indicated that SUA levels
were higher in males compared to females [41, 42], with levels
increasing post-menopause [43]. Our study similarly found a
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FIGURE 1 | Correlations between serum uric acid and LDL (a), triglycerides (TG, b), HDL (c), and total cholesterol (TC, d). The scales on the
Y-axis vary across the figures.

TABLE 2 | Risk of dyslipidemia according to quartiles of serum uric acid, overall and stratified by gender.
Q1 Q2 Q3 Q4 p for trend

All participants
Crude 1 0.99 (0.76-1.30) 1.43 (1.10-1.85) 1.61 (1.24-2.10) < 0.001
Model I 1 1.02 (0.77-1.33) 1.48 (1.13-1.94) 1.70 (1.27-2.27) <0.001
Model II 1 1.16 (0.84-1.60) 1.45 (1.04-2.05) 1.72 (1.20-2.44) 0.002
Model III 1 1.09 (0.78-1.51) 1.52 (1.06-2.18) 1.78 (1.21--2.62) 0.001
Men
Crude 1 1.29 (0.91-1.82) 1.51 (1.05-2.16) 1.64 (1.16-2.31) 0.003
Model I 1 1.28 (0.90-1.81) 1.50 (1.05-2.15) 1.65 (1.17-2.34) 0.003
Model II 1 1.27 (0.87-1.86) 1.46 (0.98-2.17) 1.66 (1.12-2.45) 0.009
Model III 1 1.33 (0.90-1.97) 1.66 (1.10-2.54) 1.79 (1.17-2.72) 0.004
Women
Crude 1 0.78 (0.51-1.19) 0.81 (0.54-1.22) 1.42 (0.96-2.12) 0.084
Model I 1 0.79 (0.52-1.21) 0.79 (0.53-1.19) 1.29 (0.84-1.95) 0.25
Model II 1 0.94 (0.53-1.69) 0.94 (0.57-1.58) 1.15 (0.65-2.06) 0.67
Model III 1 1.11 (0.59-2.06) 0.95 (0.55-1.64) 1.14 (0.60-2.16) 0.86

The results are expressed as hazard ratios and 95% confidence intervals. Model I: adjusted for age and sex. Model II: adjusted for variables included in Model I and
smoking, physical activity, and education. Model III: adjusted for variables included in Model II and FBS, BMI, WHR, SBP, and DBP. Participants were classified into
quartiles according to their SUA levels. For males: Quartile 1 (Q1) < 3.82 mg/dL, 3.82 < Q2 < 4.6 mg/dL, 4.6 < Q3 < 5.37 mg/dL, 5.37 mg/dL < Q4. For Females: Quartile 1
(Q1) < 2.95mg/dL, 2.95 < Q2 < 3.5mg/dL, 3.5 < Q3 < 4.1 mg/dL, 4.1 mg/dL < Q4.
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higher proportion of males in the higher SUA quartiles,
although we did not differentiate between pre- and post-
menopausal women. Interestingly, while a relationship between
SUA levels and dyslipidemia incidence was observed in men,
this association was not significant in women. This suggests
that gender may play a crucial role in this association. Most
studies have suggested that the link between SUA and dyslipi-
demia is not evident in females [33]. Although the specific
mechanisms underlying the gender-related role of uric acid in
dyslipidemia risk are not fully understood, research by Shi et al.
[44] and Techatraisak et al. [45] indicated that the association
between SUA levels and dyslipidemia exists in post-menopausal
women but not in premenopausal women. Estrogen in pre-
menopausal women augments uric acid excretion and elevates
renal clearance. Therefore, it is likely that endogenous estrogen
contributes to the absence of a relationship between SUA levels
and dyslipidemia in premenopausal women [46].

Prior research has shown a relationship between SUA levels and
body weight, as well as a positive link between SUA levels and
BMI in healthy individuals, a finding also observed in this study
[47]. Significant positive relationships between SUA levels and
obesity have been observed in populations from China [48],
Japan [49], India [50], Pakistan [51], Iraq [52], and the United
States [53]. In our study, BMI, WC, and WHR were associated
with elevated SUA levels; however, the mechanisms by which
uric acid levels increase in obesity are not well understood. It is
hypothesized that this may involve both overproduction and
poor renal excretion of uric acid.

41 | Clinical and Public Health Potential

The results of the YHHP cohort study have shown that a
large part of the population of Yazd city in the center of Iran
is exposed to dyslipidemia as one component of the meta-
bolic syndrome, followed by the occurrence of cardiovas-
cular events [54]. Along with encouraging to increase
physical activity and follow diets, the use of biomarkers can
help predict the occurrence of dyslipidemia and prevent the
occurrence of these disorders. The potential of using uric
acid as a biomarker to predict the progression of dyslipide-
mia should be further explored, as uric acid has previously
been suggested as a pro-inflammatory molecule that may
mediate subclinical inflammation.

4.2 | Strengths and Limitations

Several strengths and potential limitations of the study deserve
comment. The main strengths include a long-term follow-up
and control for numerous potential confounding variables. The
community-based prospective design minimizes the chances of
reverse causation and recall bias. Additionally, our study
included a broader age range, enhancing generalizability com-
pared to previous studies that focused solely on middle-aged
and elderly individuals. This study was conducted for the first
time in the center of Iran, but the findings may not be fully
generalizable to other populations with different ethnicities. In
the study of Liu et al., it was found that ethnic diversity has an

effect on the relationship between uric acid and dyslipidemia
[55]. Besides genetic differences, there are also lifestyle differ-
ences between different ethnicities. The study did not differ-
entiate between pre- and post-menopausal women, which could
be an important factor given the hormonal changes that affect
SUA and lipid levels. Dietary pattern changes were not eval-
uated during this study, and it is better to evaluate them in
future studies.

5 | Conclusion

The present study shows that, in a healthy population, a high
baseline level of SUA is strongly associated with the develop-
ment of dyslipidemia over a 10-year period. Prevention and
early treatment of hyperuricemia can reduce the incidence of
dyslipidemia as one component of metabolic syndrome. SUA
has potential utility as a biomarker for predicting future dysli-
pidemia incidence in initially healthy individuals. However,
further studies are suggested to explore the impact of nutri-
tional interventions and dietary modifications on the associa-
tion between uric acid levels and dyslipidemia.
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