
Sex difference in the risk of 
coronary artery calcification 
progression related to 
hyperuricemia among 
asymptomatic 12,316 Korean 
adults
Ki-Bum Won1, Su-Yeon Choi2, Eun Ju Chun3, Sung Hak Park4, Jidong Sung5, Hae Ok Jung6 & 
Hyuk-Jae Chang7

Data on hyperuricemia-related changes in coronary atherosclerosis are limited, especially in sex 
difference. This study evaluated the association between hyperuricemia and coronary artery 
calcification (CAC) progression in asymptomatic Korean men and women. We analysed the data 
of 12,316 asymptomatic adults (51.7 ± 8.5 years; 84.2% men) with a mean follow-up of 3.3 years. 
Participants were divided into two groups: those with and without hyperuricemia (serum uric acid 
levels > 7.0 mg/dL for men and > 6.0 mg/dL for women). CAC progression was defined as a difference 
of ≥ 2.5 between the square roots of the baseline and follow-up coronary artery calcium score (CACS) 
(Δ√transformed CACS). The incidence of CAC progression was higher in men with hyperuricemia 
than in those without the condition (37.9% vs. 32.3%, P < 0.001); however, no significant difference 
in the incidence of CAC progression was observed in women with and without hyperuricemia (20.2% 
vs. 15.8%, P = 0.243). After adjusting for age, hypertension, diabetes, dyslipidaemia, obesity, 
current smoking status, serum creatinine, baseline CACS, and inter-scan periods, hyperuricemia 
was associated with increased risk of CAC progression in men (odds ratio [OR]: 1.20, 95% confidence 
interval [CI]: 1.06 − 1.36, P = 0.004); however, hyperuricemia was not significantly associated with 
the risk of CAC progression in women (OR: 0.73, 95% CI: 0.36 − 1.49, P = 0.385). In conclusion, 
hyperuricemia is more closely associated with CAC progression in men than in women among 
asymptomatic Korean adults.
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High serum uric acid (SUA) levels are closely related to diverse metabolic abnormalities, such as obesity, 
hypertension, and dyslipidaemia, which are well-established cardiovascular (CV) risk factors1. Previous studies 
have suggested the potential effect of uric acid on atherosclerosis through vascular smooth cell proliferation 
and endothelial dysfunction2,3. Although numerous studies have investigated the relationship between SUA and 
coronary heart disease, the results have been conflicting4–8 Particularly, there is a paucity of data with large 
sample sizes on the association between hyperuricemia and changes in coronary atherosclerosis. The coronary 
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artery calcium score (CACS) is widely used for CV risk stratification in asymptomatic adult populations because 
of its prognostic value across age, sex, and ethnicity9. Recent data have shown that early detection of the presence 
and progression of coronary artery calcification (CAC) is important in primary prevention10,11. However, little is 
known about the risk of CAC progression related to hyperuricemia in men and women despite sex differences in 
the association between SUA levels and diverse clinical diseases12,13. This study aims to evaluate the association 
between hyperuricemia and the risk of CAC progression in an asymptomatic Korean adult population of men 
and women.

Methods
Study design
This observational multicentre cohort study enrolled 12,316 self-referred asymptomatic adults from the Korea 
Initiative on Coronary Artery Calcification (KOICA) Registry. In brief, all participants with available data 
regarding SUA levels underwent at least two CAC scans from December 2003 to August 2017. A flowchart of the 
present study is presented in Supplementary Fig. 1. Self-reported medical questionnaires were used to collect 
medical history. Height and weight were measured with participants wearing light clothing and no shoes. The 
body mass index (BMI) was calculated as weight (kg) divided by height (m2). Blood pressure (BP) was measured 
using an automatic manometer on the right arm after resting for at least 5 min. All blood tests, including total 
cholesterol, triglycerides, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol 
(LDL-C), uric acid, glucose, and creatinine levels, were performed after at least 8  h of fasting. Computed 
tomography (CT) was performed to measure CACS using 16-slice multidetector scanners (Siemens 16-slice 
Sensation, Siemens, Forchheim, Germany; Philips Brilliance 40-channel multidetector CT, Philips Healthcare, 
Cleveland, OH, USA; Philips Brilliance 256 iCT, Philips Healthcare; GE 64-slice Lightspeed, GE Healthcare, 
Milwaukee, WI, USA). All scans were performed using a standard electrocardiogram-triggered scan protocol. 
At each participating center, CACS was assessed by experienced CV radiologists, and the results were reported 
in electronic health records.

Hyperuricemia was defined as SUA levels > 7.0 mg/dL in men and > 6.0 mg/dL in women14. Hypertension was 
defined as systolic BP ≥ 140 mmHg and/or diastolic BP ≥ 90 mmHg, a previous medical history of hypertension, 
or the use of antihypertensive medication15. Diabetes was defined as a fasting glucose level of ≥ 126 mg/dL, a 
previous diagnosis of diabetes, or the use of anti-diabetic medication16. Dyslipidemia was defined as a serum 
level of total cholesterol of ≥ 240 mg/dL, triglyceride of ≥ 150 mg/dL, HDL-C of ≤ 40 mg/dL, LDL-C of ≥ 130 mg/
dL, or taking anti-dyslipidemic medication17. Obesity was defined as a BMI of ≥ 25.0 kg/m2 using the BMI cut-
offs for Koreans18. Current smoking was defined as current smoking or smoking 1 month before the study17. 
The CACS was measured using a scoring system previously described by Agatston et al.19. CAC progression was 
defined using the SQRT method as a difference of ≥ 2.5 between the square root (√) of the baseline and follow-up 
CACS (Δ√transformed CACS)10,20, considering the proportion of CACS of 0 in our participants at baseline and 
the strong prognostic value of CAC progression defined with the SQRT method10. Annualised Δ√transformed 
CACS was defined as Δ√transformed CACS divided by the inter-scan period. Informed consent was obtained 
from all the participants. All methods were performed in accordance with relevant guidelines and regulations. 
The Institutional Review Board (IRB) of Severance Cardiovascular Hospital approved the study protocol (IRB 
No: 4-2014-0309).

Statistical analysis
Continuous variables are expressed as the mean ± standard deviation or the median (interquartile range), and 
categorical variables are presented as absolute values and percentages. After checking the distribution status 
of the independent variables, we compared the participants’ characteristics using an independent t-test or 
Mann–Whitney U-test for continuous variables, as appropriate, and the chi-squared test or Fisher’s exact test for 
categorical variables. Univariate logistic regression analyses were performed to evaluate the relationship between 
clinical variables and risk of CAC progression. Subsequently, multiple logistic regression models were used to 
examine the association between hyperuricemia and the risk of CAC progression; the forced entry method 
was used to enter the independent variables into the multiple regression models. All statistical analyses were 
performed using Statistical Package for the Social Sciences version 19 (SPSS; Chicago, Illinois, USA). Statistical 
significance was set at P < 0.05 in all analyses.

Results
Baseline characteristics
The baseline characteristics of the study participants are presented in Table 1. The mean age of the participants 
was 51.7 ± 8.5 years, and 10,373 (84.2%) of them were men. The mean level of SUA was 5.8 ± 1.3 mg/dL, and the 
overall prevalence of hyperuricemia was 16.5%. Systolic and diastolic BP, BMI, TG, LDL-C, creatinine, glucose, 
and SUA levels, and the prevalence of hypertension, diabetes, dyslipidaemia, obesity, and hyperuricemia were 
significantly higher in men than in women. However, men were younger and had significantly lower total 
cholesterol and HDL-C levels than did women.

Baseline and the changes of CAC according to hyperuricemia
The baseline categorical CACS is shown in Fig. 1. The baseline categorical CACS was significantly different between 
men and women; a proportion of CACS of 0 was significantly lower in men compared with women (53.3% vs. 
71.6%; P < 0.001). In men, the baseline categorical CACS did not differ significantly according to hyperuricemia; 
however, significant difference in the categorical CACS related to the presence of hyperuricemia was observed in 
women. During a mean follow-up of 3.3 years, the incidence of CAC progression was significantly higher in men 
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than in women (33.3% vs. 16.0%, P < 0.001) (Supplementary Fig. 2). The Δ√transformed CACS, annual changes 
in Δ√transformed CACS, and the incidence of CAC progression were significantly higher in overall participants 
with hyperuricemia than in those without hyperuricemia. These findings were consistently observed in men; 
however, no significant differences in the Δ√transformed CACS, annual changes in Δ√transformed CACS, and 
the incidence of CAC progression according to hyperuricemia status were observed in women (Table 2).

Fig. 1.  Baseline CACS according to hyperuricemia in men and women.

 

Overall
(n = 12316)

Male
(n = 10373)

Female
(n = 1943) P

Age, years 51.7 ± 8.5 51.6 ± 8.3 52.1 ± 9.6 0.026

Systolic BP, mmHg 119.6 ± 15.0 119.9 ± 14.8 117.5 ± 16.0 < 0.001

Diastolic BP, mmHg 75.0 ± 10.5 75.8 ± 10.3 70.9 ± 10.6 < 0.001

BMI, kg/m2 24.6 ± 2.8 24.8 ± 2.6 23.0 ± 3.0 < 0.001

Hypertension, n (%) 4013 (33.6) 3503 (34.7) 510 (27.8) < 0.001

Diabetes, n (%) 1700 (13.8) 1512 (14.6) 188 (9.7) < 0.001

Dyslipidemia, n (%) 8386 (68.1) 7372 (71.1) 1014 (52.2) < 0.001

Obesity, n (%) 5174 (42.2) 4736 (45.8) 438 (22.7) < 0.001

Current smoking, n (%) 3226 (28.5) 3101 (32.3) 125 (7.3) < 0.001

Hyperuricemia, n (%) 2032 (16.5) 1933 (18.6) 99 (5.1) < 0.001

Laboratory findings

Total cholesterol, mg/dL 197.5 ± 34.0 197.2 ± 33.7 199.1 ± 35.6 < 0.001

Triglycerides, mg/dL 141.6 ± 89.4 148.5 ± 91.4 104.9 ± 66.7 < 0.001

HDL-C, mg/dL 53.3 ± 15.9 51.8 ± 15.0 61.3 ± 18.2 < 0.001

LDL-C, mg/dL 122.0 ± 31.7 123.0 ± 31.3 116.8 ± 33.5 < 0.001

Creatinine, mg/dL 1.0 ± 0.2 0.99 ± 0.15 0.75 ± 0.14 < 0.001

Glucose, mg/dL 97.8 ± 20.3 98.8 ± 20.7 92.4 ± 17.4 < 0.001

SUA, mg/dL 5.76 ± 1.33 6.02 ± 1.23 4.40 ± 0.97 < 0.001

Table 1.  Baseline characteristics. Values are given as mean ± standard deviation or number (%). BMI body 
mass index; BP blood pressure; HDL-C high-density lipoprotein cholesterol; LDL-C low-density lipoprotein 
cholesterol; SUA serum uric acid.
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Clinical variables and the risk of CAC progression
Univariate logistic regression analysis showed that age, hypertension, diabetes, dyslipidemia, obesity, and current 
smoking status were significantly and positively associated with the risk of CAC progression in men. Age, 
hypertension, diabetes, dyslipidemia, and obesity were similarly associated with the risk of CAC progression in 
women. Hyperuricemia was significantly associated with an increased risk of CAC progression in men; however, 
this association was not observed in women (Table 3).

Association of hyperuricemia with the risk of CAC progression
In the multiple logistic regression models with consecutive adjustments for clinical factors, including age, 
hypertension, diabetes, dyslipidemia, obesity, current smoking, serum creatinine, baseline CACS, and inter-
scan periods, hyperuricemia was significantly associated with the risk of CAC progression in men. However, 
no significant association between hyperuricemia and the risk of CAC progression was observed in women 
(Table 4). The results of multiple linear regression models to evaluate the association of SUA levels (per-1 mg/dL 
increase) with Δ√transformed CACS are presented in Supplementary Table 1; the SUA levels were significantly 
associated with Δ√transformed CACS in men, but not in women, after adjusting for age, hypertension, diabetes, 
dyslipidemia, obesity, current smoking, serum creatinine, baseline CACS, and inter-scan periods.

Discussion
To the best of our knowledge, this is the longitudinal cohort study with the largest sample size to identify 
sex differences in the association between hyperuricemia and CAC progression among asymptomatic adults. 
In the present study, the incidence rates of CAC progression in men and women were 33.3% and 16.0%, 
respectively. The incidence of CAC progression was significantly higher in men with hyperuricemia than 
in those without hyperuricemia. However, no significant difference in the incidence of CAC progression 
according to hyperuricemia was observed in women. After adjusting for confounding factors, hyperuricemia 
was independently associated with the risk of CAC progression in men but not in women. The strength of this 
study is that the risk of CAC progression was assessed in an asymptomatic adult population without heavy 
CAC at baseline. According to the data from the Heinz Nixdorf Recall study11, repeated CT scans for CAC 
evaluation after 5 years could provide individual risk readjustment attributable to the increased risk in subjects 

CAC progression

Overall Male Female

OR (95% CI) P OR (95% CI) P OR (95% CI) P

Age (per-1 year 
increase) 1.07 (1.07 − 1.08) < 0.001 1.07 (1.06 − 1.08) < 0.001 1.12 (1.10 − 1.13) < 0.001

Hypertension 2.11 (1.95 − 2.29) < 0.001 1.97 (1.81 − 2.14) < 0.001 3.33 (2.58 − 4.31) < 0.001

Diabetes 2.28 (2.05 − 2.53) < 0.001 2.11 (1.89 − 2.36) < 0.001 3.33 (2.40 − 4.63) < 0.001

Dyslipidaemia 1.83 (1.68 − 2.00) < 0.001 1.59 (1.45 − 1.75) < 0.001 2.65 (2.03 − 3.45) < 0.001

Obesity 1.53 (1.41 − 1.65) < 0.001 1.34 (1.23 − 1.45) < 0.001 2.20 (1.70 − 2.86) < 0.001

Current smoking 1.09 (1.00 − 1.19) 0.057 1.20 (1.13 − 1.26) < 0.001 0.95 (0.74 − 1.22) 0.682

Hyperuricemia 1.42 (1.28 − 1.57) < 0.001 1.28 (1.15 − 1.42) < 0.001 1.35 (0.81 − 2.24) 0.244

Table 3.  Individual clinical factors and the risk of CAC progression. Univariate logistic regression analysis was 
performed in this analysis. CAC coronary artery calcification; CI confidence interval, OR odds ratio.

 

No hyperuricemia Hyperuricemia P

Overall

Δ√transformed CACS 0.0 (0.0 − 3.2) 0.9 (0.0 − 4.7) < 0.001

Annual changes in Δ√transformed CACS 0.0 (0.0 − 1.1) 0.3 (0.0 − 1.3) < 0.001

CAC progression, n (%) 3015 (29.3) 752 (37.0) < 0.001

Male

Δ√transformed CACS 0.2 (0.0 − 3.7) 1.0 (0.0 − 4.8) < 0.001

Annual changes in Δ√transformed CACS 0.1 (0.0 − 1.2) 0.3 (0.0 − 1.4) < 0.001

CAC progression, n (%) 2724 (32.3) 732 (37.9) < 0.001

Female

Δ√transformed CACS 0.0 (0.0 − 0.7) 0.0 (0.0 − 0.9) 0.980

Annual changes in Δ√transformed CACS 0.0 (0.0 − 0.3) 0.0 (0.0 − 0.2) 0.998

CAC progression, n (%) 291 (15.8) 20 (20.2) 0.243

Table 2.  Changes of CAC related to hyperuricemia. Values are expressed as median (interquartile range) or 
number (%). CAC coronary artery calcification; CACS coronary artery calcium score.
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with baseline CACS < 400; in contrast, despite a higher CV risk in subjects with baseline CACS > 400, additional 
CACS evaluation did not have prognostic value in baseline condition of CACS > 400. In the present study, the 
proportion of baseline CACS > 400 in overall participants was only 2.6%; the prevalence of baseline CACS > 400 
in men and women was 2.8% and 1.4%, respectively.

Several studies have evaluated the association between SUA levels and coronary atherosclerosis; however, 
the results have been inconsistent. The Novara Atherosclerosis Study reported that SUA levels were not 
significantly associated with the prevalence and extent of coronary artery disease (CAD), which was defined as 
at least one coronary lesion with > 50% stenosis in 1901 consecutive patients who underwent invasive coronary 
angiography21. In contrast, a recent observational cohort study consisting of 6431 asymptomatic Korean adults 
with no previous history of CAD who voluntarily underwent coronary computed tomography angiography 
(CCTA) as part of a general health examination reported that the risk for any plaque and non-calcified plaque 
increased with higher SUA levels22. Regarding sex differences in the association between SUA and CAD, Barbieri 
et al.23 observed that high SUA levels are associated with three-vessel or left main coronary artery disease with 
> 50% stenosis only in women, despite higher SUA levels in men than in women from the same registry. These 
inconsistent results might be related to the presence of cardiogenic symptoms and the different ethnicities of the 
participants24.

Budoff et al.10 reported that CAC progression added incremental value in predicting all-cause mortality 
over baseline CACS, interscan periods, demographics, and CV risk factors in 4,609 asymptomatic adults 
during a mean inter-scan period of 3.1 years. According to the results from the Heinz-Nixdorf Recall registry11, 
which consists of 3,281 asymptomatic adults with a mean inter-scan period of 5.1 years, CAC progression was 
significantly associated with prognosis in patients with non-heavy CAC at baseline. In addition, the Progression 
of Atherosclerotic Plaque Determined by Computed Tomographic Angiography Imaging (PARADIGM) 
registry showed that baseline coronary plaque burden is the most important factor, when compared with clinical 
and laboratory measures, for predicting the risk of rapid progression of coronary atherosclerosis using the 
machine learning framework25. These findings clearly demonstrate the significance of early detection of the 
presence and progression of CAC in primary prevention of asymptomatic adults. Furthermore, the COronary 
CT Angiography EvaluatioN For Clinical Outcomes: An InteRnational Multicentre (CONFIRM) study found 
that additional prognostic benefit was not conferred by CCTA when compared to the CACS with traditional 
risk factors in the population of asymptomatic adults26. The present study identified the different associations 
of hyperuricemia with the risk of CAC progression according to sex among asymptomatic Korean adults with 
extremely low proportion of heavy CAC at baseline.

Previous studies examined the association between SUA levels and CAC in asymptomatic adult populations. 
A single-center and cross-sectional study reported that SUA was independently related to the severity of CAC, 
particularly in males (older and non-obese) with no history of diabetes, hypertension, smoking, or renal 
dysfunction among 4188 Korean adults without prior CAD or urate-deposition disease27. In a longitudinal 
observational study, Bjornstad et al.28 reported that SUA independently predicted the development of CAC 
progression as well as albuminuria, rapid decline in renal function, and diabetic retinopathy in 652 patients 
with type 1 diabetes. Similarly, the Rancho Bernardo Study showed that SUA is an ethnicity-specific marker of 
CAC severity and CAC progression among 368 postmenopausal White and Filipino women29. Recent meta-
analysis results also revealed that hyperuricemia is independently associated with an increased risk of CAC 
development and progression in 11 studies involving 11,108 asymptomatic adults30. However, there is a paucity 
of data on the risk of CAC progression related to hyperuricemia with a focus on sex differences. In the present 
study, the prevalence of hyperuricemia was higher in men than in women (18.6% vs. 5.1%; P < 0.001). Notably, 
the risk of CAC progression was significantly different according to hyperuricemia status only in men. Although 
hyperuricemia could contribute to the atherosclerotic process via endothelial dysfunction, oxidative stress, and 
inflammation31–33, the sex difference in CAC progression in our participants could be influenced by the function 

CAC progression

OR 95% CI P

Overall

Model 1 1.21 1.08 − 1.36 0.001

Model 2 1.19 1.05 − 1.34 0.007

Male

Model 1 1.24 1.11 − 1.40 < 0.001

Model 2 1.20 1.06 − 1.36 0.004

Female

Model 1 0.56 0.28 − 1.14 0.109

Model 2 0.73 0.36 − 1.49 0.385

Table 4.  Association of hyperuricemia with the risk of CAC progression in men and women. P values for 
interaction between hyperuricemia and sex was 0.835. CAC coronary artery calcification; CI confidence 
interval; OR odds ratio. Model 1: adjusted for age, hypertension, diabetes, dyslipidemia, obesity, current 
smoking, and serum creatinine levels. Model 2 was adjusted for age, hypertension, diabetes, dyslipidemia, 
obesity, current smoking, serum creatinine levels, baseline CACS, and interscan periods.

 

Scientific Reports |        (2024) 14:28710 5| https://doi.org/10.1038/s41598-024-80324-2

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


of estrogen promoting uric acid excretion before menopause in females34. However, the exact mechanisms of sex 
difference in the effect of SUA on arteriosclerosis remain unclear, and further research is necessary.

The current study had some limitations. First, this study was performed in a relatively healthy population 
who voluntarily participated in a health check-up, which may have resulted in a selection bias. Second, this was 
an observational study that may have been influenced by unidentified confounders. Third, we could not control 
for medications for hypertension, diabetes, dyslipidaemia, or hyperuricemia because of the observational design 
of our study. Fourth, despite the possible effect of estrogen status on atherosclerosis35, menstrual phase or 
menopausal status at the time of evaluating CAC were not considered because of the limited data in this cohort 
registry. However, (a) this study identified a higher proportion of CACS of 0 in women compared with men, and 
(b) a large proportion (77.2%) of female participants was over 45 years of age. Finally, this study included only 
the Korean population, which may have limited the generalisability of our results. Nevertheless, this study is 
unique in that we assessed the risk of CAC progression by focusing on sex difference in an asymptomatic Korean 
population using a large sample size.

In summary, both the prevalence of hyperuricemia and the incidence of CAC progression were significantly 
higher in men than in women. Hyperuricemia is positively and significantly associated with the risk of CAC 
progression in only men among asymptomatic Korean adults. Further studies are required to identify the effect 
of SUA on coronary atherosclerosis, particularly those focusing on sex differences.

Data availability
The datasets used and analyzed in the current study are available from the corresponding author upon reason-
able request.
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