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Association of Metabolic Syndrome With Serum Uric  
Acid Level in Male Workers

Sook Hee Sunga, Ji Young Moona, Seung Jin Choia, b

Abstract

Background: Metabolic syndrome (MetS) is a type of the inflamma-
tory diseases that is a known risk factor for many conditions, includ-
ing type 2 diabetes mellitus (DM) and cardiovascular disease (CVD). 
Preventing or managing of MetS involves biomarkers for early iden-
tification or predicting the risk of developing the condition. The as-
sociation between serum uric acid (SUA) and MetS in a large popula-
tion of Korean male workers was investigated.

Methods: We conducted a cross-sectional study of 9,191 male work-
ers who comprised 6,626 daytime workers (DW) and 2,565 shift 
workers (SW) aged 20 - 58 years who had undergone regular health 
check-up in 2021. Body mass index (BMI), waist circumference 
(WC), blood pressure (BP), white blood cell count (WBC), biochemi-
cal parameters including SUA, liver enzymes, lipid profile and se-
rum creatinine (Cr) were measured and participants responded to a 
questionnaire on health-related behavior. Participants were placed in 
quartiles based on their SUA levels. Associations between SUA and 
the prevalence of MetS or metabolic components (MS) were explored 
using multiple logistic regression analysis.

Results: The overall prevalence of MetS was 24.6%, and the preva-
lence of MetS in DW was significantly higher than in SW (25.8% 
vs. 21.7%, P = 0.001). The prevalence of MetS, number of MS, and 
number of SW were positively correlated with SUA levels, as were 
all other variables except age, high-density lipoprotein cholesterol 
(HDL-C) and prevalence of DM, which were negatively correlated 
with SUA levels. After adjusting for multiple potential confounders, 
the odds ratio (OR) for MetS of the highest SUA quartile compared 
to the reference was 1.86 (95% confidence interval (CI): 1.60 - 2.15); 
however, after adjusting for BMI, it was 1.32 (95% CI: 1.12 - 1.54). 
The SUA level was also associated with high BP, high fasting plasma 
glucose (FPG) and hypertriglyceridemia after full adjustment. No-
tably, hypertriglyceridemia was also associated with a high-normal 
SUA level.

Conclusions: SUA levels may be independent predictors of MetS 
in Korean male workers. Hypertriglyceridemia is closely associated 
with SUA levels.

Keywords: Uric acid; Metabolic syndrome; Inflammation; Odds ra-
tio; Worker; Hypertriglyceridemia

Introduction

Increasing prevalence of metabolic syndrome (MetS) is an 
important public health problem. In Korea, the prevalence 
of MetS was 21.3% (men: 24.1%, women: 18.4%) in 2021, 
higher than that in 2020 (20.6%; men: 23.0%, women: 
18.0%); prevalence also increased according to age (20s to 
50s) [1, 2]. MetS involves high blood pressure (BP), hyper-
glycemia, high triglyceride (TG), low high-density lipopro-
tein cholesterol (HDL-C) and abdominal obesity. MetS as a 
risk factor of cardiovascular disease (CVD) is related to in-
creased CV morbidity and mortality and its association with 
type 2 diabetes mellitus (DM), fatty liver, and some cancers 
was studied [3-6]. Early identification of MetS is crucial for 
its management, and identifying at-risk patients is important 
for its prevention; both goals require an understanding of 
the role of associated risk factors. Hence, a novel biomarker 
would be useful for predicting the development of and iden-
tifying MetS.

Several studies have investigated the relationship be-
tween MetS and its risk factors, with serum uric acid (SUA) 
levels being the most clearly related to MetS [7]. Elevated 
SUA levels are associated with CVD, chronic kidney disease, 
diabetes, obesity, and dyslipidemia [8-13]. MetS is character-
ized by high burden of inflammation [14]. On the other hand, 
SUA is considered as a marker of inflammation in metabolic 
and chronic conditions such as type 2 DM, hypertension, liv-
er steatosis, thyroiditis, new onset diabetes, and diabetic kid-
ney disease [15-20]. Insulin resistance (IR) may contribute 
to hyperuricemia as a causal factor in MetS [7], although the 
pathogenic role of UA in the development of MetS remains 
unclear. Nonetheless, epidemiological studies have shown 
that hyperuricemia is a predictor of MetS development [21, 
22].

The association of MetS prevalence with metabolic com-
ponents (MS) and SUA levels has been studied in various pop-
ulations [10-13, 21, 22]. In workers, the working environment 
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and lifestyle factors may affect the association between SUA 
levels and MetS [23, 24]. Herein, we investigated the associa-
tion between SUA levels, MetS, MS, and multiple potential 
confounding factors in Korean male workers.

Materials and Methods

Subjects

Workers consisted of 10,796 subjects aged 20 to 58 years who 
underwent annual health check-ups in 2021. From this popu-
lation, 49 workers who missed survey or examination, 1,482 
female workers, and 74 workers who were taking agents to 
lower serum UA were excluded. Overall, 9,191 men were 
enrolled in the study. The number of daytime workers (DW) 
and shift workers (SW) was 6,626 and 2,565 (two shifts: 170, 
three shifts: 2,395), respectively. This research was approved 
by Institution Review Board of Seoul National University 
Bundang Hospital, Korea (B-1703-385-003). This study was 
conducted in compliance with the ethical standards of the re-
sponsible institution on human subjects as well as with the 
Helsinki Declaration. Written informed consent was obtained 
from each subject.

Measurements

Participants fasted for at least 8 h before the examination. 
Anthropometry was performed using standard methods. Body 
mass index (BMI) was defined as body weight (BW) divided 
by height squared (kg/m2). Systolic and diastolic BP were 
measured using standard technique. Waist circumference 
(WC) was measured according to standards by skilled pro-
fessionals. Blood sampling was performed from antecubital 
vein. We measured white blood cell count (WBC) and liver 
enzymes including gamma-glutamyl transpeptidase (GGT), 
alanine aminotransferase (ALT), and aspartate aminotrans-
ferase (AST). Fasting plasma glucose (FPG), serum creatinine 
(Cr) and lipid profiles including HDL-C, TG, total cholesterol 
(T-Chol) and low-density lipoprotein cholesterol (LDL-C) 
were measured. SUA level was measured using enzymatic 
colorimetric method. A questionnaire on health-related be-
haviors was administered to all participants. Among behavio-
ral risk factors, smoking status consisted of current smokers, 
former smokers and non-smokers. Alcohol consumption was 
classified as drinker (more than once a week) and no drinker. 
We defined exercise as “above recommended physical activ-
ity (PA)” if the individual participated in moderately intense 
aerobic PA for 5 days a week, at least 30 min; vigorously in-
tense activity for 3 days a week, at least 20 min; or walking 
for 30 min every day. Others were considered “below recom-
mended PA”.

Definition of MetS

We applied the criteria for MetS based on the 2009 harmo-

nized definition [25] and diagnosed individuals as having 
MetS if three of these criteria match: 1) WC ≥ 90 cm for 
men; 2) TG level ≥ 150 mg/dL or receiving medications for 
hypertriglyceridemia; 3) HDL-C level < 40 mg/dL in men; 4) 
BP ≥ 130/85 mm Hg or receiving medications for hyperten-
sion; or 5) FPG level ≥ 100 mg/dL or receiving medications 
for type 2 DM. We applied the appropriate central obesity 
criteria of the Korean Society for the Study of Obesity as a 
cut-off for WC [26].

Statistical analysis

The variables were tested for normality using the Kolmogo-
rov-Smirnov test and skewness and kurtosis analysis. If either 
method was satisfied, the data were considered to be normally 
distributed. For the comparison between participants with and 
without MetS, the Student’s t-test was performed for continu-
ous (mean values ± standard deviation (SD)) variables and the 
Chi-square test for categorical variables (relative frequencies). 
Pearson’s correlation analysis was used for correlations be-
tween SUA level and other variables.

SUA levels were divided into quartiles as follows: Q1 (≤ 
5.5 mg/dL), Q2 (5.6 - 6.3 mg/dL), Q3 (6.4 - 7.1 mg/dL) and Q4 
(≥ 7.2 mg/dL). Continuous variables and categorical variables 
were compared with SUA quartiles using analysis of variance 
(ANOVA) and the Chi-square test, respectively. Next, we per-
formed multiple logistic regression analysis to compare the as-
sociation between variables and the prevalence of MetS. Age, 
WBC, AST, ALT, GGT, Cr, alcohol consumption, smoking, 
exercise and BMI were adjusted as potential confounders. Six 
models were used to correct for confounding factors (model 
1: unadjusted; model 2: age; model 3: model 2 + WBC, ALT, 
AST, GGT; model 4: model 3 + Cr; model 5: model 4 + alcohol 
consumption, smoking status and exercise; model 6: model 5 + 
BMI). Odds ratios (ORs) and 95% confidence intervals (CIs) 
were used to estimate the MetS risk in each quartile. Finally, 
we examined the association of the SUA quartile with each 
MS separately using model 5 and model 6. All analyses were 
computed using SPSS for Windows (version 26.0; SPSS Inc., 
Chicago, IL, USA). If a P value was less than 0.05, it was con-
sidered statistically significant.

Results

Clinical characteristics

Table 1 shows the clinical characteristics of the study partici-
pants. In this study, the prevalence of MetS was 24.6%. Com-
pared to workers without MetS, SUA levels in workers with 
MetS were significantly higher (P < 0.001). Age, BMI, WC, 
BP, WBC, AST, ALT, GGT, FPG, TG and Cr levels, number 
of MS, alcohol consumption, and smoking status were sig-
nificantly higher in workers with MetS (P < 0.001). HDL-C 
and the number of above recommended PA were significantly 
lower in men with MetS (P < 0.001). The prevalences of MetS 
and the number of MS were significantly higher in DW than in 
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SW, although WBC and SUA levels were significantly higher 
in SW (P < 0.001) (Table 2).

Relationships between SUA and clinical variables

Except for age, FPG, and HDL-C, which showed negative 
correlations, SUA levels were positively correlated with all 

other variables (Table 3). We analyzed the clinical character-
istics, including individual components of MetS, according to 
the SUA level quartiles using ANOVA (Table 4). Mean val-
ues of BMI, WC, BP, WBC, AST, ALT, GGT, T-Chol, LDL-
C, TG and Cr levels correlated positively with SUA of the 
different quartiles. Age as well as FPG and HDL-C decreased 
with increasing SUA quartiles (P < 0.001). FPG levels were 
significantly different in each quartile; however, they were 

Table 1.  Characteristics of Study Participants

Variables Worker without MetS (n = 6,926) Worker with MetS (n = 2,265) P value
Age (years) 41.0 ± 9.9 45.9 ± 8.9 < 0.001
BMI (kg/m2) 24.3 ± 2.6 27.2 ± 3.3 < 0.001
WC (cm) 83.0 ± 6.8 91.2 ± 8.0 < 0.001
SBP (mm Hg) 120.9 ± 10.7 128.6 ± 11.5 < 0.001
DBP (mm Hg) 77.1 ± 8.7 82.0 ± 9.1 < 0.001
WBC (/µL) 5,940 ± 1,464 6,333 ± 1,539 < 0.001
AST (U/L) 25.6 ± 17.7 30.9 ± 19.7 < 0.001
ALT (U/L) 27.7 ± 19.5 41.2 ± 31.5 < 0.001
GGT (U/L) 33.0 ± 30.3 53.6 ± 50.6 < 0.001
FPG (mg/dL) 95.2 ± 12.4 109.4 ± 24.0 < 0.001
T-Chol (mg/dL) 202.5 ± 35.1 203.7 ± 41.9 0.235
HDL-C (mg/dL) 55.7 ± 11.9 46.2 ± 10.2 < 0.001
LDL-C (mg/dL) 126.6 ± 32.2 122.3 ± 37.7 < 0.001
TG (mg/dL) 117.0 ± 73.5 213.8 ± 167.4 < 0.001
UA (mg/dL) 6.2 ± 1.3 6.5 ± 1.4 < 0.001
Cr (mg/dL) 0.95 ± 0.14 0.97 ± 0.17 0.003
MS (n) 0.9 ± 0.8 3.5 ± 0.7 < 0.001
Alcohol consumption (%) < 0.001
  ≥ Twice a week 1,219 (17.6) 515 (22.7)
  ≤ Once a week 5,707 (82.4) 1,750 (77.3)
Smoking status (%) < 0.001
  Non-smoker 3,258 (47.0) 743 (32.8)
  Former smoker 2,067 (29.8) 836 (36.9)
  Current smoker 1,601 (23.1) 686 (30.3)
Exercise (%) < 0.001
  Above recommended PA 1,992 (28.8) 525 (23.2)
  Below recommended PA 4,934 (71.2) 1,740 (76.8)
Workers (%) < 0.001
  DW 4,917 (71.0) 1,709 (75.5)
  SW 2,009 (29.0) 556 (24.5)
DM (%) 0.065
  Yes 508 (7.3) 140 (6.2)
  No 6,418 (92.7) 2,125 (93.8)

ALT: alanine aminotransferase; AST: aspartate aminotransferase; BMI: body mass index; Cr: creatinine; DBP: diastolic blood pressure; DW: daytime 
worker; FPG: fasting plasma glucose; GGT: gamma-glutamyl transpeptidase; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipo-
protein cholesterol; MetS: metabolic syndrome; MS: metabolic components; PA: physical activity; SBP: systolic blood pressure; SW: shift worker; 
T-Chol: total cholesterol; TG: triglyceride; UA: uric acid; WBC: white blood cell count; WC: waist circumference.
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inversely related to SUA levels up to the third quartile, while 
it increased in the highest quartile. Additionally, the preva-
lence of DM decreased as SUA level increased (P < 0.001). 
The prevalence of MetS and the number of MS were sig-
nificantly different among quartiles (P < 0.001) (Fig. 1). 
The number of current smokers was highest in Q2, despite 
being significantly different among quartiles (P < 0.013). 
There were no significant differences in the number of alco-
hol drinkers according to SUA quartile (P = 0.526), and the 
number of above recommended PA showed the same results 
(P = 0.480). The number of SW showed a significant positive 

relationship with the SUA quartile (P < 0.001).

Associations of MetS according to SUA levels in quartiles

Table 5 shows the ORs with 95% CIs for the prevalence of 
MetS according to the SUA quartile. Quartiles with the lowest 
SUA level were used as reference groups. As the SUA level in 
the quartiles increased, the OR for MetS increased in the crude 
model (model 1). The unadjusted OR of MetS in the highest 
SUA quartile compared with the lowest quartile was 1.89 (95% 

Table 2.  Characteristics of Daytime Workers and Shift Workers

Variables DW (n = 6,626) SW (n = 2,565) P value

Age (years) 43.5 ± 9.6 38.7 ± 9.7 < 0.001

BMI (kg/m2) 24.9 ± 3.1 25.2 ± 3.2 < 0.001

WC (cm) 85.2 ± 7.8 84.5 ± 8.2 0.001

SBP (mm Hg) 122.6 ± 11.1 123.3 ± 11.9 0.004

DBP (mm Hg) 77.8 ± 9.0 76.9 ± 9.5 < 0.001

WBC (/µL) 5,940 ± 1,464 6,333 ± 1,539 < 0.001

AST (U/L) 26.9 ± 18.9 26.7 ± 16.7 0.634

ALT (U/L) 31.0 ± 23.9 30.9 ± 23.3 0.760

FPG (mg/dL) 99.0 ± 17.7 97.6 ± 15.4 < 0.001

T-Chol (mg/dL) 203.8 ± 37.6 200.1 ± 35.0 < 0.001

HDL-C (mg/dL) 53.1 ± 12.2 53.8 ± 11.8 0.017

LDL-C (mg/dL) 126.2 ± 34.1 123.8 ± 32.3 0.002

TG (mg/dL) 140.7 ± 112.3 141.2 ± 113.7 0.820

UA (mg/dL) 6.25 ± 1.30 6.41 ± 1.30 < 0.001

Cr (mg/dL) 0.96 ± 0.15 0.92 ± 0.13 < 0.001

MS (n) 1.6 ± 1.3 1.4 ± 1.3 < 0.001

Alcohol consumption (%) < 0.001

  ≥ Twice a week 1,371 (20.7) 363 (14.2)

  ≤ Once a week 5,255 (79.3) 2,202 (85.8)

Smoking status (%) < 0.001

  Non-smoker 2,846 (43.0) 1,155 (45.0)

  Former smoker 2,214 (33.4) 689 (26.9)

  Current smoker 1,566 (23.6) 721 (28.1)

Exercise (%) 0.002

  Above recommended activity 1,756 (26.5) 761 (29.7)

  Below recommended activity 4,870 (73.5) 1,804 (70.3)

MetS (%) 0.001

  Yes 1,709 (25.8) 556 (21.7)

  No 4,917 (74.2) 2,009 (78.3)

ALT: alanine aminotransferase; AST: aspartate aminotransferase; BMI: body mass index; Cr: creatinine; DBP: diastolic blood pressure; DW: daytime 
worker; FPG: fasting plasma glucose; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; MetS: metabolic syn-
drome; MS: metabolic components; PA: physical activity; SBP: systolic blood pressure; SW: shift worker; T-Chol: total cholesterol; TG: triglyceride; 
UA: uric acid; WBC: white blood cell count; WC: waist circumference.
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CI: 1.66 - 2.15). After adjusting model 1 for age (model 2), the 
OR increased to 2.54 (95% CI: 2.22 - 2.92). After adjusting 
for WBC, ALT, AST, GGT (model 3), and Cr (model 4) levels, 
alcohol consumption, smoking status, and exercise (model 5), 
the ORs of MetS in the highest SUA quartile were attenuated, 
but significant associations remained between MetS and SUA 
levels. After additional adjustment for BMI (model 6), the OR 
decreased to 1.32 (95% CI: 1.12 - 1.54), which was a weak-
ened but still significant association.

Associations of individual components of MetS according 
to SUA quartiles

After adjusting for age, WBC, ALT, AST, GGT and Cr levels, 
alcohol consumption, smoking status, and exercise, the as-
sociations between SUA quartiles and each MetS component 
were assessed (Table 6). SUA levels remained significantly 
associated with all MetS components in the highest quartiles 
(P < 0.001). Of these, high WC and TG levels showed signifi-
cant associations even in the third quartiles of SUA levels (P 
< 0.001). When we further adjusted for BMI (model 6), SUA 
showed a significant association with high BP (P = 0.007) and 
glucose (P = 0.009) and TG levels (P < 0.001) in the highest 
quartiles. Particularly, a high TG level (P = 0.004) was signifi-

cantly associated with the SUA level even in third quartile. The 
ORs of a high TG level were 1.22 (95% CI: 1.07 - 1.39) and 
1.65 (95% CI: 1.44 - 1.89) in the third and highest SUA quar-
tiles, respectively. However, the associations of SUA quartiles 
with a high WC (P = 0.264) and low HDL-C levels (P = 0.067) 
were no longer significant.

Discussion

SUA levels were associated with MetS after adjusting for 
multiple confounding factors. When BMI was adjusted as a 
confounding factor, the strength of the associations decreased, 
although the association remained significant, suggesting that 
BMI may contribute to the observed associations. These re-
sults are consistent with those of previous cross-sectional and 
prospective studies. In a Korean study, SUA level in both men 
and women showed a positive relationship with the prevalence 
of MetS after adjusting for multiple potential confounding 
factors [27], and SUA levels were independent risk factors 
or predictors of MetS in longitudinal studies of Chinese and 
Japanese populations [21, 28]. Similarly, a prospective study 
in Korea suggested that SUA levels are a predictive risk fac-
tor for MetS [29]. The ORs for the prevalence of MetS were 
1.32-fold higher in the highest quartile of SUA levels than in 
the lowest reference quartile. In a prospective study of Korean 
male workers, SUA levels were independently associated with 
the incidence of MetS in middle-aged men, and the hazard ra-
tio was 1.48 after adjusting for multiple potential confounders 
[30], although BMI was not included as a potential confounder. 
In another prospective study of Korean male workers aged 30 - 
39 years, there was a 1.41-fold higher risk of developing MetS 
in the highest SUA quartile than in the reference quartile [31].

The underlying mechanism by which high SUA levels 
might increase the risk of MetS development include endothe-
lial dysfunction and reduced production of nitric oxide [32, 
33], which may lead to IR and hyperinsulinemia; the latter in-
creases renal re-absorption of UA [34]. Additionally, elevated 
UA levels can induce oxidative stress in adipocytes and stimu-
late vascular smooth muscle cell proliferation, although oxida-
tive stress also increases antioxidant activity [35, 36]. Another 
consideration is that IR also reduces the activity of glyceralde-
hyde-3-phosphate dehydrogenase, resulting in hypertriglyceri-
demia and low HDL-C levels [37, 38].

When MetS components were evaluated individually after 
full adjustment, SUA levels were associated with a high BP, 
high FPG, and hypertriglyceridemia. Hyperuricemia is inde-
pendently associated with hypertension [39]; this is similar to 
our results. Elevated SUA levels are involved in sterile inflam-
mation of smooth muscle cells of vascular tissues, leading to 
a pro-inflammatory state, increasing cell proliferation and pro-
duction of inflammatory mediators [33].

In our study, hyperuricemia and hyperglycemia were sig-
nificantly associated with the SUA level even after full adjust-
ment. Increased levels of reactive oxygen species due to hy-
perglycemia damaged insulin signaling pathways and led to IR 
[40]. However, in other studies, SUA levels increased until the 
pre-diabetes stage but decreased after being diagnosed with 

Table 3.  Correlation Analyses Between Serum Uric Acid and 
Variables

Variables
Serum UA levels

β P value
Age (years) -0.167 < 0.001
BMI (kg/m2) 0.223 < 0.001
WC (cm) 0.203 < 0.001
SBP (mm Hg) 0.092 < 0.001
DBP (mm Hg) 0.075 < 0.001
WBC (/µL) 0.090 < 0.001
GOT (U/L) 0.089 < 0.001
GPT (U/L) 0.157 < 0.001
GGT (U/L) 0.108 < 0.001
FPG (mg/dL) -0.050 < 0.001
T-Chol (mg/dL) 0.139 < 0.001
HDL-C (mg/dL) -0.151 < 0.001
LDL-C (mg/dL) 0.141 < 0.001
TG (mg/dL) 0.127 < 0.001
Cr (mg/dL) 0.152 < 0.001
MS (n) 0.133 < 0.001

ALT: alanine aminotransferase; AST: aspartate aminotransferase; BMI: 
body mass index; Cr: creatinine; DBP: diastolic blood pressure; FPG: 
fasting plasma glucose; GGT: gamma-glutamyl transpeptidase; HDL-
C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein 
cholesterol; MS: metabolic components; SBP: systolic blood pressure; 
T-Chol: total cholesterol; TG: triglyceride; UA: uric acid; WBC: white 
blood cell count; WC: waist circumference.
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DM [41, 42]. In our study, the number of patients with DM 
decreased as SUA levels increased. We did not have data on in-
sulin levels or homeostasis model assessment (HOMA)-IR, so 
we could not use them as confounding factors. In some stud-

ies, SUA levels in men were nonlinearly related to FPG levels, 
unlike in women [27, 41]; our study yielded similar results. 
Researchers have suggested that the distribution of SUA may 
differ between men and women with pre-diabetes and DM 

Table 4.  Characteristics of Variables According to Serum Uric Acid Quartiles

Variables Q1 (≤ 5.5 mg/dL) Q2 (5.6 - 6.3 mg/dL) Q3 (6.4 - 7.1 mg/dL) Q4 (≥ 7.2 mg/dL) P trend
Number of patients 2,555 2,327 2,093 2,216
Age (years) 44.5 ± 9.9 42.4 ± 9.8 41.5 ± 9.9 40.1 ± 9.5 < 0.001
BMI (kg/m2) 24.2 ± 3.0 24.7 ± 2.8 25.1 ± 2.8 26.1 ± 3.4 < 0.001
WC (cm) 83.3 ± 7.8 84.2 ± 7.3 85.3 ± 7.4 87.7 ± 8.5 < 0.001
SBP (mm Hg) 121.6 ± 10.9 122.5 ± 11.4 122.8 ± 11.4 124.7 ± 11.7 < 0.001
DBP (mm Hg) 76.8 ± 8.9 77.5 ± 9.2 77.2 ± 9.2 78.9 ± 9.2 < 0.001
WBC (/µL) 5,900 ± 1,574 5,979 ± 1,456 6,089 ± 1,471 6,261 ± 1,446 < 0.001
AST (U/L) 25.6 ± 15.3 25.9 ± 19.9 26.6 ± 13.3 29.8 ± 23.1 < 0.001
ALT (U/L) 27.4 ± 19.0 28.9 ± 20.0 31.3 ± 24.9 37.2 ± 29.4 < 0.001
GGT (U/L) 34.0 ± 35.1 35.8 ± 36.0 37.8 ± 35.9 45.5 ± 41.6 < 0.001
FPG (mg/dL) 100.2 ± 21.9 98.1 ± 16.5 97.4 ± 14.4 98.6 ± 13.6 < 0.001
T-Chol (mg/dL) 197.0 ± 37.1 200.5 ± 35.5 204.7 ± 36.8 210.2 ± 36.9 < 0.001
HDL-C (mg/dL) 55.5 ± 13.0 54.1 ± 12.0 52.8 ± 11.6 50.6 ± 11.2 < 0.001
LDL-C (mg/dL) 119.5 ± 33.3 124.1 ± 32.7 128.0 ± 33.8 131.8 ± 33.7 < 0.001
TG (mg/dL) 127.1 ± 125.9 131.9 ± 86.9 141.4 ± 95.8 165.7 ± 130.3 < 0.001
Cr (mg/dL) 0.93 ± 0.15 0.94 ± 0.14 0.96 ± 0.15 0.99 ± 0.16 < 0.001
MS (n) 1.40 ± 1.33 1.42 ± 1.29 1.54 ± 1.31 1.90 ± 1.36 < 0.001
MetS (%) 543 (21.3) 476 (20.4) 498 (23.8) 749 (33.8) < 0.001
Current smoker (%) 598 (23.4) 600 (25.8) 528 (25.2) 561 (25.3) 0.013
Alcohol drinker (%) 474 (18.6) 421 (18.1) 403 (19.3) 436 (19.7) 0.526
Above recommended PA (%) 672 (26.3) 637 (27.4) 590 (28.2) 618 (27.9) 0.480
SW (%) 618 (24.2) 647 (27.8) 605 (28.9) 695 (31.3) < 0.001
DM (%) 225 (8.8) 183 (7.9) 147 (7.0) 93 (4.2) < 0.001

ALT: alanine aminotransferase; AST: aspartate aminotransferase; BMI: body mass index; Cr: creatinine; DBP: diastolic blood pressure; DM: diabetes 
mellitus; FPG: fasting plasma glucose; GGT: gamma-glutamyl transpeptidase; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipo-
protein cholesterol; MetS: metabolic syndrome; MS: metabolic components; PA: physical activity; Q: quartile; SBP: systolic blood pressure; SW: shift 
worker; T-Chol: total cholesterol; TG: triglyceride; UA: uric acid; WBC: white blood cell count; WC: waist circumference.

Figure 1. Prevalence of MetS and number of MS according to SUA quartiles. (a) The prevalence of MetS showed significant 
correlation with SUA quartiles (P < 0.001). (b) The number of MS also had a positive relationship depending on the SUA quartiles 
(P < 0.001). MetS: metabolic syndrome; MS: metabolic components; SUA: serum uric acid.
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[27]. Therefore, further research on the nonlinear relationship 
between SUA levels, glucose metabolism, and differences in 
SUA levels between men and women is needed.

Hypertriglyceridemia increases the synthesis of free fatty 
acids and activates adenosine triphosphate (ATP) decomposi-
tion, increasing UA levels [43]. Synthesis of fatty acids in the 
liver leads to the synthesis of purines and increases urea syn-
thesis [44]. Additionally, studies have shown a positive corre-
lation between TG and SUA levels [13, 45]. In our study, ORs 
were the highest among the MS after adjustment for multiple 
potential confounding factors and significantly increased even 

in normal range of SUA levels. This indicates that TG monitor-
ing can prevent hyperuricemia.

In our study, hyperuricemia was negatively correlated with 
HDL-C after adjusting for BMI. Other studies also showed that 
unlike TG, HDL-C was not associated with hyperuricemia [12, 
46]. Obesity has risk factors that neutralize beneficial effects 
of HDL-C and can affect HDL-C metabolism, function, sub-
class distribution, and reduced cholesterol efflux; therefore, 
further research is needed [47, 48].

WC, as an individual MetS component, was not signifi-
cantly associated when BMI was adjusted. The BMI, as an in-

Table 5.  Odds Ratios of Metabolic Syndrome According to Serum Uric Acid Quartiles

Serum UA levels
Q1 (≤ 5.5 mg/dL) Q2 (5.6 - 6.3 mg/dL) Q3 (6.4 - 7.1 mg/dL) Q4 (≥ 7.2 mg/dL)

Model 1 1.000
  Exp(B) 0.953 1.157 1.888
  Lower 0.830 1.008 1.659
  Upper 1.094 1.328 2.149
  P value 0.494 0.039 < 0.001
Model 2 1.000
  Exp(B) 1.067 1.376 2.543
  Lower 0.926 1.193 2.219
  Upper 1.229 1.587 2.915
  P value 0.372 < 0.001 < 0.001
Model 3 1.000
  Exp(B) 0.983 1.167 1.886
  Lower 0.847 1.004 1.631
  Upper 1.141 1.357 2.180
  P value 0.826 0.044 < 0.001
Model 4 1.000
  Exp(B) 0.982 1.162 1.870
  Lower 0.846 1.000 1.614
  Upper 1.139 1.352 2.166
  P value 0.807 0.051 < 0.001
Model 5 1.000
  Exp(B) 0.981 1.158 1.858
  Lower 0.845 0.995 1.604
  Upper 1.139 1.347 2.153
  P value 0.798 0.057 < 0.001
Model 6 1.000
  Exp(B) 0.885 0.969 1.317
  Lower 0.756 0.825 1.124
  Upper 1.035 1.137 1.542
  P value 0.127 0.696 0.001

Model 1: crude odds ratios. Model 2: adjusted for age. Model 3: model 2 + WBC, ALT, AST, GGT. Model 4: model 3 + Cr. Model 5: model 4 + alcohol 
consumption, smoking status, exercise. Model 6: model 5 + BMI. ALT: alanine aminotransferase; AST: aspartate aminotransferase; BMI: body mass 
index; Cr: creatinine; GGT: gamma-glutamyl transpeptidase; Q: quartile; UA: uric acid; WBC: white blood cell count.
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dicator of obesity, is as effective as WC in predicting the devel-
opment of MetS [49]. Therefore, adjusting for BMI expectedly 
attenuates the significant association between SUA levels and 
MS. Norvik et al found that SUA levels at baseline and after 7 
years were not associated with central obesity in normal-weight 
and overweight individuals [50]. Additionally, an independent 
association between longitudinal UA changes and the develop-
ment of MetS was observed, regardless of BMI [50]. However, 
elevated BP and hyperglycemia were only associated with over-
weight individuals. Therefore, prospective studies of the asso-
ciation between SUA levels and BMI are needed.

The number of SW also increased significantly with in-
creasing SUA quartiles, suggesting that working conditions 
may affect worker health, with adverse effects, such as circa-
dian rhythm changes, having been reported. Lifestyle habits, 
such as night meals, fast food consumption, lack of exercise 
and alcohol consumption, can cause hyperuricemia, which can 
lead to MetS [51]. Nevertheless, the prevalence of MetS in 

the DW group was significantly higher in this study. Larger 
number of DWs than SWs (6,626 vs. 2,565), the significantly 
higher average age of DWs (43.5 ± 9.6 vs. 38.7 ± 9.7, P < 
0.001), and the fact that rotating SWs who work clockwise 
shifts are less prone to circadian misalignment than night SWs 
may be related to this result [52].

The numbers of workers who drank more than twice a 
week and exercise less than the recommended PA level did 
not correlate with SUA quartiles, although they were signifi-
cantly increased in the MetS group. The association between 
alcohol consumption and hyperuricemia is well-known, and 
SUA levels decrease as exercise intensity increases [53, 54]. 
However, in our study, the questionnaire relied only on mem-
ory and we did not obtain information on the amount of al-
cohol consumption or the specific duration of each exercise 
intensity.

Low-grade chronic inflammation is associated with 
MetS [55]. Inflammatory markers observed in MetS are pro-

Table 6.  Odds Ratios of Metabolic Syndrome Components Adjusted by Model 5 and Model 6 According to Serum Uric Acid Quartiles

Serum UA levels (model 5) Serum UA levels (model 6)
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

High BP 1.000 1.000
  Exp(B) 1.106 1.113 1.465 1.053 1.010 1.197
  Lower 0.979 0.981 1.292 0.930 0.888 1.051
  Upper 1.248 1.262 1.662 1.192 1.149 1.363
  P value 0.105 0.096 < 0.001 0.416 0.876 0.007
High glucose 1.000 1.000
  Exp(B) 1.024 0.999 1.331 0.998 0.949 1.191
  Lower 0.906 0.878 1.170 0.881 0.834 1.045
  Upper 1.159 1.135 1.514 1.129 1.080 1.358
  P value 0.701 0.982 < 0.001 0.970 0.430 0.009
High WC 1.000 1.000
  Exp(B) 1.050 1.411 2.016 0.832 1.041 1.107
  Lower 0.904 1.217 1.746 0.695 0.869 0.926
  Upper 1.220 1.637 2.329 0.996 1.247 1.324
  P value 0.524 < 0.001 < 0.001 0.046 0.661 0.264
High TG 1.000 1.000
  Exp(B) 1.069 1.301 1.899 1.030 1.218 1.649
  Lower 0.939 1.139 1.664 0.904 1.065 1.441
  Upper 1.216 1.485 2.168 1.174 1.393 1.888
  P value 0.315 < 0.001 < 0.001 0.658 0.004 < 0.001
Low HDL-C 1.000 1.000
  Exp(B) 1.056 1.104 1.343 1.021 1.034 1.163
  Lower 0.904 0.941 1.147 0.873 0.880 0.989
  Upper 1.233 1.295 1.573 1.194 1.215 1.366
  P value 0.493 0.225 < 0.001 0.799 0.685 0.067

Model 5: adjusted by age, WBC, ALT, AST, GGT, Cr, alcohol consumption, smoking status, exercise. Model 6: model 5 + BMI. ALT: alanine ami-
notransferase; AST: aspartate aminotransferase; BMI: body mass index; BP: blood pressure; Cr: creatinine; WBC: white blood cell count; GGT: 
gamma-glutamyl transpeptidase; HDL-C: high-density lipoprotein cholesterol; Q: quartile; TG: triglyceride; UA: uric acid; WC: waist circumference.
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inflammatory cytokines such as interleukin-6 (IL-6), C-re-
active protein (CRP), and tumor necrosis factor-α (TNF-α) 
[56]. IL-6 released by both macrophages and adipocytes is 
associated with IR [57]. Level of CRP increased by IL-6 is 
correlated with MetS [58]. Macrophages within the adipose 
tissue produce TNF-α, which is correlated with IR [57]. Toll-
like receptors (TLRs) are innate immune system receptors 
and activate downstream inflammatory pathways [59]. SUA 
levels are positively correlated with pro-inflammatory cy-
tokines, and hyperuricemia is associated with gout [60]. Leu-
kocyte is also an inflammatory marker and correlates with 
SUA levels [61], which was consistent with our results. In 
this study, SUA levels were positively associated with MetS 
regardless of WBC.

SW have higher WBC and a greater risk of MetS than 
DW [62, 63]. This is associated with reduced sleep quality and 
shorter or longer sleep duration for SW [64]. In our study, the 
mean WBC and SUA levels of SW were significantly higher 
than those of DW. However, the prevalence of MetS among 
SW was significantly lower than that of DW. Prospective stud-
ies on the causal relationship between work style and inflam-
matory factors are needed.

ALT, AST and GGT levels are significantly associated 
with SUA levels, which is consistent with our findings [65]. 
ALT and AST levels, even within normal range, are positively 
correlated with the prevalence of MetS [66]. UA induces in-
flammation and oxidative stress, which leads to hepatocyte 
death, decreased liver capacity and ultimately non-alcoholic 
fatty liver disease (NAFLD), which is associated with IR [65].

Taken together, SUA levels are considered as a biomarker 
of developing MetS in Korean male workers. Recent investi-
gations have focused on the predictive role of SUA levels in 
the development and progression of MetS, although the patho-
physiological mechanism remains elusive [22, 29, 67]. The 
information provided herein regarding the prevalence of MetS 
in this population should be useful for planning of health pro-
grams designed to counteract the development of MetS. SUA 
levels are commonly measured during health examinations in 
South Korea. Hence, careful follow-up of individuals with el-
evated SUA levels is prudent for the prevention of MetS. It is 
also important to note that follow-up observations of TG levels 
may be necessary to prevent hyperuricemia, which is a risk 
factor for MetS development.

We observed an association between SUA levels and the 
prevalence of MetS in a large sample of male workers after 
adjusting for multiple potential confounding factors, includ-
ing WBC as a biomarker of inflammation, liver enzymes re-
lated with fatty liver disease, and life style factors. Specifi-
cally, we observed a significant difference in the prevalence 
of MetS and the distribution of SUA levels between DW and 
SW.

Our study has several limitations. First, cross-sectional 
research design does not allow for causal relationship to be 
determined. Second, we cannot consider the participants as 
representative of the general population because they were 
healthy male workers. Third, we did not measure insulin lev-
els, and the HOMA-IR was not adjusted for the association 
between MetS and SUA levels. Finally, no dietary factors af-
fected SUA levels in our questionnaire.

Conclusion

In our study, SUA levels were independently associated with 
the prevalence of MetS. SUA levels may be an independent 
risk factor for MetS. Hypertriglyceridemia may be a useful 
biomarker for monitoring hyperuricemia. Additionally, longi-
tudinal prospective studies and further research on the patho-
genesis of MetS are required to provide additional insights.
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