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ORIGINAL RESEARCH

Metabolic Factors Mediate the Association 
Between Serum Uric Acid to Serum 
Creatinine Ratio and Cardiovascular 
Disease
Anxin Wang, PhD;* Xue Tian, MS;* Shouling Wu , MD;* Yingting Zuo, PhD; Shuohua Chen , MD;  
Dapeng Mo , MD; Yanxia Luo , PhD; Yongjun Wang , MD

BACKGROUND: The serum uric acid/serum creatinine ratio (SUA/SCr), which represents renal function- normalized SUA, is as-
sociated with diverse adverse outcomes. The aim of this study was to investigate the association between SUA/SCr and car-
diovascular disease (CVD), and determine whether and to what extent this association is mediated by cardiometabolic factors.

METHODS AND RESULTS: This prospective study enrolled 96 378 participants from the Kailuan study without stroke and myo-
cardial infarction at baseline (2006). Cox proportional hazard models were used to calculate hazard ratios (HRs) and 95% 
confidence intervals (CIs). Mediation analyses were conducted to separately explore the mediating effects of cardiometabolic 
factors on the association between SUA/SCr and CVD. During median follow up of 11.01 years, 6315 (6.55%) individuals 
developed incident CVD. After adjustment for potential confounders, the highest quartile of SUA/SCr was associated with 
the highest risk of CVD (HR, 1.15; 95% CI, 1.07– 1.23), stroke (HR, 1.16; 95% CI, 1.07– 1.26), ischemic stroke (HR, 1.12; 95% CI, 
1.02– 1.22), and hemorrhagic stroke (HR, 1.36; 95% CI, 1.11– 1.65), but not with myocardial infarction (HR, 1.07; 95% CI, 0.92– 
1.25). The association was consistent across different degrees of kidney function and glucose tolerance statuses. Additionally, 
the association between high SUA/SCr and CVD was partially mediated by triglycerides (30.74%), body mass index (BMI) 
(19.52%), total cholesterol (15.06%), hs- CRP (high- sensitivity C- reactive protein) (13.06%), diastolic blood pressure (11.75%), 
and blood glucose (−16.38%).

CONCLUSIONS: SUA/SCr and CVD were positively associated. Furthermore, this association was partially mediated through 
blood lipids, BMI, blood pressure, hs- CRP, and blood glucose.
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Cardiovascular disease (CVD) is the most common 
cause of death worldwide and a significant con-
tributor to morbidity. In 2017, ≈17.8  million CVD 

deaths occurred worldwide, corresponding to 330 mil-
lion years of life lost and another 35.6  million years 
lived with disability.1 Reducing the major risk factors for 

CVD is a major strategy for reducing its prevalence. 
Therefore, primary prevention of CVD through under-
standing and reduction of risk factors may have signifi-
cant implications for public health and clinical practice.

Serum uric acid (SUA), the final oxidation product of 
purine metabolism,2 has been shown to be a modifiable 
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risk factor for CVD. However, conflicting data exist.3– 7 
These inconsistencies may be explained by the fact 
that the concentration of endogenous SUA depends 
primarily on renal clearance function. Increased SUA 
often occurs as a consequence of renal dysfunction, 
although some previous studies have ignored the ef-
fect of renal function on SUA.3,5,8 Consequently, renal 
function- normalized SUA (the SUA to serum creatinine 
ratio [SUA/SCr]) has emerged as a new biomarker and 
is considered a superior indicator of net SUA produc-
tion. Several studies have suggested that SUA/SCr is 
significantly associated with several metabolic diseases 
and mortality.9– 13 However, evidence on the effect of 
SUA/SCr on CVD is limited and, to date, the potential 
pathway linking SUA/SCr to CVD remains incompletely 
characterized. SUA/SCr was confirmed to be associ-
ated with various cardiometabolic factors,9,14– 18 which 
raised the question as to whether SUA/SCr can lead 
directly to the outcome of CVD, or if cardiometabolic 

factors, such as indicators of obesity, blood glucose, 
blood lipids, blood pressure, and indicators of inflam-
mation play potentially mediating roles in the associa-
tion between SUA/SCr and CVD.

The aim of the present study was to investigate the 
association between SUA/SCr and CVD and, using 
mediation analysis, assess whether and to what extent 
the association is mediated by cardiometabolic factors.

METHODS
Data are available to researchers on request for pur-
poses of reproducing the results or replicating the 
procedure by directly contacting the corresponding 
author.

Study Design and Participants
The Kailuan study is a prospective cohort study 
conducted in the Kailuan community in Tangshan, 
China, involving employees of the Kailuan company 
and their family members. The detailed study design 
and procedures have been described previously.19,20 
Beginning from June 2006, a total of 101  510 ac-
tive and retired employees from the Kailuan Coal 
Company (81  110 men and 20  400 women, aged 
18– 98  years; one- third coal miners) were enrolled 
during the first survey, and underwent questionnaire 
assessments, clinical examinations, and laboratory 
tests every 2 years. All participants were followed up 
until their death or the end of the study (December 31, 
2017). We excluded 3725 participants with history of 
stroke or myocardial infarction (MI), and 1407 partici-
pants with missing data on SUA or SCr at the baseline 
survey in 2006. Ultimately, 96 387 participants were 
enrolled in the final analysis (Figure S1). The study was 
performed in accordance with the guidelines of the 
Helsinki Declaration and was approved by the Ethics 
Committee of Kailuan General Hospital and Beijing 
Tiantan Hospital. All participants provided written in-
formed consent.

Measurement of SUA, SCr, and SUA/SCr
Fasting blood samples were collected in the morning 
following an overnight fast of 8 to 12 hours and trans-
ferred to vacuum tubes containing ethylene diamine 
tetra- acetic acid. The concentrations of SUA were 
determined using a commercial kit (Ke Hua Biological 
Engineering Corporation, Shanghai, China) and an 
automatic biochemical analyzer (Hitachi 7600, Tokyo, 
Japan) following the manufacturer’s instructions. SCr 
was measured using the sarcosine oxidase assay 
method with a Hitachi 7600 P autoanalyzer (Hitachi 
7600, Tokyo, Japan). SUA/SCr was calculated as the 
concentration of SUA (mmol/L) divided by the concen-
tration of SCr (mmol/L).

CLINICAL PERSPECTIVE

What Is New?
• Higher levels of serum uric acid/serum creati-

nine ratio (SUA/SCr) were significantly associ-
ated with the risk of cardiovascular disease.

• The association between SUA/SCr and cardio-
vascular disease was partially mediated through 
blood lipids, body mass index, blood pressure, 
high- sensitivity C- reactive protein, and blood 
glucose.

What Are the Clinical Implications?
• SUA/SCr is a practical and effective risk factor 

for cardiovascular disease in a large- scale com-
munity population in China.

• These findings emphasize the important roles of 
SUA/SCr and cardiometabolic factors as con-
junctive intervention targets in the prevention of 
cardiovascular disease.

Nonstandard Abbreviations and Acronyms

DBP diastolic blood pressure
FBG fasting blood glucose
SBP systolic blood pressure
SUA serum uric acid
SUA/SCr serum uric acid to serum creatinine 

ratio
TC total cholesterol
TG triglyceride
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Assessment of Outcomes
The outcome of the present study was the first oc-
currence of CVD. Subtypes of CVD included stroke 
(ischemic stroke and hemorrhagic stroke) and MI. 
We used International Classification of Diseases 10th 
revision codes to identify cases of CVD (I63 for is-
chemic stroke, I60– I61 for hemorrhagic stroke, and 
I21 for MI). The database of CVD diagnoses, which 
covers all Kailuan study participants, was obtained 
from the Municipal Social Insurance Institution and 
Hospital Discharge Register, and was updated an-
nually during the follow- up period. To further iden-
tify potential CVD events, an expert panel collected 
and reviewed annual discharge records from 11 
local hospitals and requested a history of CVD via 
a questionnaire during the biennial interview. For 
all suspected CVD events, 3 experienced physician 
adjudicators blinded to the study design reviewed 
the medical records. Stroke was diagnosed based 
on neurological signs, clinical symptoms, and neu-
roimaging tests, including computed tomography or 
magnetic resonance imaging, according to the World 
Health Organization criteria.21 Given the small pro-
portion (0.12%), we did not include the subarachnoid 
hemorrhage group in the subgroup analysis. The cri-
teria for MI were based on combinations of chest 
pain symptoms, electrocardiographic changes, and 
cardiac enzyme levels.22

Assessment of Covariates
Demographic and clinical features, including age, sex, 
smoking habits, alcohol use, educational level, and 
medical history, were collected via questionnaires. 
Educational attainment was categorized as illiteracy 
or primary school, middle school, or high school or 
above. Income level was categorized as <800 RMB/
month or ≥800  RMB/month. Physical activity was 
classified as inactive activity (<80  minute per week) 
or active activity (≥80  minute per week). Smoking 
status and alcohol use were classified as never, for-
mer, or current according to self- reported information. 
Weight and height were measured, and body mass 
index (BMI) was calculated as weight (kg)/height (m)2. 
Systolic blood pressure (SBP) and diastolic blood 
pressure (DBP) were measured three times with par-
ticipants in a seated position using a mercury sphyg-
momanometer, and the average of three readings was 
used in analyses. All blood samples were tested using 
a Hitachi 747 autoanalyzer (Hitachi, Tokyo, Japan) at 
the central laboratory of Kailuan Hospital. Automated 
dipstick urinalysis (H12- MA, DIRUI N- 600) was used to 
measure urinary protein. Women were analyzed dur-
ing the nonmenstrual period. Urinary protein was re-
corded semiquantitatively as “none,” “trace,” “1+,” “2+,” 
or “≥3+.” The biochemical indicators tested included 

fasting blood glucose (FBG), total cholesterol (TC), 
triglycerides (TG), low- density lipoprotein cholesterol 
(LDL- C), high- density lipoprotein cholesterol (HDL- 
C), and hs- CRP (high- sensitivity C- reactive protein).   
Estimated glomerular filtration rate (eGFR) was cal-
culated using the creatinine- based Chronic Kidney 
Disease Epidemiological Collaboration equation using 
the formula designated for White race.23

Hypertension was defined as any self- reported 
hypertension or use of antihypertensive drugs, or 
blood pressure ≥140/90  mm  Hg. Prediabetes was 
defined as FBG of 5.6 to 6.9 mmol/L, and diabetes 
mellitus was defined as any self- reported diabetes 
mellitus or use of glucose- lowering drugs, or FBG 
≥7 mmol/L.24 Dyslipidemia was defined as any self- 
reported history or use of lipid- lowering drugs, or 
serum TC ≥5.17 mmol/L or TG ≥1.69 mmol/L or LDL- C 
≥3.62 mmol/L or HDL- C ≤1.04 mmol/L. Chronic kid-
ney disease was defined as eGFR <60 mL/min per 
1.73  m2, mildly decreased kidney function was de-
fined as eGFR from 60 to 89 mL/min per 1.73 m2, and 
normal kidney function was defined as eGFR ≥90 mL/
min per 1.73 m2.25,26

Statistical Analysis
Participants were divided into four categories accord-
ing to quartiles of SUA/SCr. Continuous variables are 
presented as mean±SD and were compared using 
ANOVA. Categorical variables are presented as fre-
quency (percentage) and were compared using the 
chi- square test. Incidence rates (per 1000  person- 
years) with 95% CI were calculated from the data at 
baseline to the data at CVD diagnosis, death, or end 
of follow up (December 31, 2017), whichever occurred 
first.

The associations between SUA/SCr and CVD and 
its subtypes were evaluated using Cox proportional 
hazard models. Validity of the proportionality assump-
tion was verified using scaled Schoenfeld residuals. 
The multivariable- adjusted model was adjusted for 
age, sex, BMI, education, income, current smoking, 
current drinking, physical activity, history of hyper-
tension, diabetes, dyslipidemia, proteinuria, diuretics, 
angiotensin- converting enzyme inhibitors/angiotensin 
II receptor blocker treatment, SBP, DBP, FBG, TC, 
and hs- CRP. Trend tests were performed in the Cox 
regression models after the median SUA/SCr val-
ues of each quartile were entered into the model and 
treated as continuous variables. When SUA/SCr was 
treated as a continuous variable, a multivariable Cox 
proportional hazard model was used to estimate the 
hazard ratio (HR) and 95% CI of incident CVD per SD 
increment in SUA/SCr. Additionally, we used restricted 
cubic splines to examine the shape of the association 
between SUA/SCr and the outcomes with five knots 
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(at the 5th, 25th, 50th, 75th, and 95th percentiles). The 
reference point for SUA/SCr was the median (2.10) of 
the reference group (the first quartile) and the HR was 
adjusted for all confounding variables.

To validate the robustness of our results, sensitivity 
analyses were performed. The first sensitivity analy-
sis was conducted using Fine– Gray models by con-
sidering non- CVD deaths as competing risk events. 
Second, to explore the potential impact of reverse 
causality, we repeated the primary analysis using a 
2- year lag period by excluding incident CVD cases 
from the first 2 years of follow up. Subgroup analyses 
were performed across different ages (<45, 45– 65, 
and ≥65  years), degrees of kidney function accord-
ing to eGFR levels (chronic kidney disease, mildly 
decreased, and normal function), and glucose toler-
ance statuses (normoglycemia, prediabetes, and di-
abetes). Using the likelihood ratio test, we assessed 
the interaction effect by including interaction terms 
between SUA/SCr and each above- noted indicator in 
the model. Furthermore, we compared the strength 
of the association between SUA/SCr, SUA, and SCr 
and risk of CVD estimated using the multivariable Cox 
proportional hazard model.

Upon establishment of the temporal relation-
ship between SUA/SCr and CVD, the mediation 
method was applied to examine whether the asso-
ciations were mediated by metabolic factors. SUA/
SCr was the predictor variable (X); cardiometabolic 
factors were mediators (M); and CVD was the out-
come variable (Y). Generally, four steps are involved 
in mediation analyses: (1) demonstrating that the 
predictor variable is associated with the outcome 
(Model Y=βTot X) (βTot=total effect); (2) demon-
strating that the predictor variable is associated 
with the mediator (Model M=β1 X) (β1=indirect ef-
fect 1); (3) demonstrating which part of the outcome 
is explained by controlling for the predictor (Model 
Y=β2 M+βDir X) (β2=indirect effect, βDir=direct ef-
fect); and (4) calculating the proportion of media-
tion: mediation effect (%)=(β1×β2/βTol)×100%. This 
statistical approach was conducted in accordance 
with that described by Valeri and VanderWeele and 
has been applied successfully in previous studies to 
demonstrate the role of mediators.27– 29 We included 
age, sex, education, income, smoking status, and 
drinking status as covariates to adjust for the medi-
ating effect of these biomarkers on the association 
between SUA/SCr and CVD because when using 
mediation models, it is necessary that baseline 
covariates are sufficient to control for exposure- 
outcome, mediator- outcome, and exposure- 
mediator confounding.30

All analyses were conducted using SAS version 
9.4 (SAS Institute Inc., Cary, NC, USA). A two- sided 
P<0.05 was considered statistically significant.

RESULTS
Baseline Characteristics
A total of 96  378 eligible participants were included 
in this study. Mean age was 51.48±12.57  years, and 
76  662 (79.54%) were men. Baseline characteristics 
according to quartiles of SUA/SCr are presented in 
Table. Significant differences were observed in age, 
sex, educational level, family income, smoking status, 
drinking status, physical activity, hypertension, diabe-
tes, dyslipidemia, antihypertensive agents, hypoglyce-
mic agents, lipid- lowering agents, BMI, SBP, DBP, TC, 
TG, HDL- C, LDL- C, FBG, and hs- CRP between the 
four categories (all P<0.05).

Association Between SUA/SCr and CVD 
and its Subtypes
During median follow up of 11.01 years (interquartile 
range, 10.67– 11.20), a total of 6315 (6.55%) individu-
als developed incident CVD, including 4943 (5.12%) 
cases of stroke, 4091 (4.24%) cases of ischemic 
stroke, 816 (0.85%) cases of hemorrhagic stroke, 
and 1381 (1.43%) cases of MI. The incidence of CVD 
increased substantially with increasing SUA/SCr 
quartiles, reaching an incidence of 7.00/1000 person- 
years (95% CI, 6.68– 7.34) in the highest quartile of 
SUA/SCr (Figure  1). After adjustment for potential 
confounding factors, the highest quartile of SUA/
SCr remained significantly associated with the risk of 
incident CVD. Compared with the lowest quartile of 
SUA/SCr, the HR was 1.15 (95% CI, 1.07– 1.23; P for 
trend<0.0001). The significant association with CVD 
disappeared when SUA and SCr were treated as the 
exposure variables (Table S1).
In the analyses of CVD subtypes, similar results were 
obtained for total stroke (HR, 1.16; 95% CI, 1.07– 
1.26; P for trend <0.0001), ischemic stroke (HR, 1.12; 
95% CI, 1.02– 1.22; P for trend=0.0030), and hem-
orrhagic stroke (HR, 1.36; 95% CI, 1.11– 1.65; P for 
trend=0.0014). However, most HRs pertaining to MI 
were not statistically significant (HR, 1.07; 95% CI, 
0.92– 1.25) (Figure 1).

All sensitivity analyses using Fine– Gray models 
(Table S2) and excluding outcome events within the first 
2 years (N=1500, Table S3) generated similar findings 
with the primary analysis. The multivariable- adjusted 
spline model showed a J- shaped relationship between 
SUA/SCr and the risk of CVD, stroke, ischemic stroke, 
and hemorrhagic stroke, but not risk of MI (Figure 2). In 
the subgroup analyses, the interactions between SUA/
SCr and age, kidney function, and glucose tolerance 
status were confirmed without effects on the incidence 
of CVD and its subtypes (all P for interaction>0.05), 
suggesting that individuals with different ages, de-
grees of kidney function (chronic kidney disease, mildly 
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decreased, or normal), or glucose tolerance statuses 
(diabetic or prediabetic) and with higher SUA/SCr have 
the same relative risk of CVD (Figure 3).

Mediation Analysis Between SUA/SCr and 
CVD
We tested BMI, SBP, DBP, FBG, TC, TG, LDL- C, 
HDL- C, and hs- CRP as potential mediators of the as-
sociation between SUA/SCr and CVD. The results of 
mediation analyses are presented in Table  S4 and 
Figure  4. The total effect of SUA/SCr on CVD was 
0.0061 (95% CI, 0.0024– 0.0096; P=0.0010). The as-
sociation between SUA/SCr and CVD was partially 
mediated by TG (β indir=0.0019, mediation proportion 
[MP]=30.74%), BMI (β indir=0.0012, MP=19.52%), TC 
(β indir=0.0009, MP=15.06%), hs- CRP (β indir=0.0008, 

MP=13.06%), and DBP (β indir=0.0007, MP=11.75%). 
In contrast, FBG had a negative mediating effect on 
this association (β indir=−0.0010, MP=−16.38%). The 
remaining factors— SBP, LDL- C, and HDL- C— did not 
play significant mediating roles in the association be-
tween SUA/SCr and CVD.

DISCUSSION
In this prospective cohort study, we found that rela-
tive to the lowest quartile, the highest quartile of SUA/
SCr was associated with elevated risk of CVD, as well 
as stroke, ischemic stroke, and hemorrhagic stroke, 
even after adjustment for multiple covariates. The as-
sociations were consistent across different degrees 
of kidney function and glucose tolerance statuses. 

Table 1. Baseline Characteristics of Participants According to Quartiles of SUA/SCr Ratio

Characteristics Total

Quartiles of SUA/SCr ratio

P valueQ1 Q2 Q3 Q4

No. of participants 96 378 24 094 24 095 24 095 24 094

SUA/SCr ratio 3.17 (2.54– 3.92) 2.14 (1.83– 2.36) 2.87 (2.71– 3.02) 3.51 (3.33– 3.71) 4.55 (4.20– 5.15) <0.0001

Age, y 51.48±12.57 50.62±12.23 51.57±12.53 51.64±12.63 52.08±12.83 <0.0001

Men, n (%) 76 662 (79.54) 18 424 (76.47) 18 809 (78.06) 19 526 (81.04) 19 903 (82.61) <0.0001

High school or above, n (%) 6528 (7.01) 993 (4.24) 1536 (6.61) 1898 (8.18) 2101 (9.05) <0.0001

Income ≥800 RMB/mo, n (%) 13 209 (14.20) 2382 (10.19) 3065 (13.20) 3615 (15.59) 4147 (17.88) <0.0001

Current smoker, n (%) 32 089 (34.21) 6280 (26.82) 7766 (33.23) 8742 (37.21) 9301 (39.52) <0.0001

Current alcohol, n (%) 35 142 (37.45) 6287 (26.83) 8241 (35.25) 9720 (41.37) 10 894 (46.29) <0.0001

Active physical activity, n (%) 13 994 (14.52) 2895 (12.02) 3377 (14.02) 3709 (15.39) 4013 (16.66) <0.0001

Hypertension, n (%) 41 633 (43.20) 11 199 (46.48) 9969 (41.37) 9738 (40.42) 10 727 (44.52) <0.0001

Diabetes, n (%) 8709 (9.04) 2751 (11.42) 2156 (8.95) 1892 (7.85) 1910 (7.93) <0.0001

Dyslipidemia, n (%) 33 137 (34.38) 7285 (30.24) 7566 (31.40) 8339 (34.61) 9947 (41.28) <0.0001

Proteinuria ≥1+, n (%) 3414 (3.72) 1196 (5.09) 741 (3.20) 667 (2.91) 810 (3.63) <0.0001

Antihypertensive agents, n (%) 9436 (9.79) 1631 (6.77) 2038 (8.46) 2444 (10.14) 3323 (13.79) <0.0001

Diuretics, n (%) 962 (1.03) 123 (0.53) 152 (0.65) 228 (0.98) 459 (1.98) <0.0001

ACEI/ARB treatment, n (%) 647 (0.70) 95 (0.41) 144 (0.62) 162 (0.70) 246 (1.06) <0.0001

Hypoglycemic agents, n (%) 2061 (2.14) 594 (2.46) 519 (2.15) 480 (1.99) 468 (1.94) 0.0002

Lipid- lowering agents, n (%) 709 (0.74) 116 (0.48) 161 (0.67) 176 (0.73) 256 (1.06) <0.0001

Body mass index, kg/m2 25.02±3.49 24.72±3.34 24.80±3.48 25.07±3.52 25.49±3.57 <0.0001

Systolic blood pressure, 
mm Hg

130.64±20.88 131.09±20.63 130.14±21.15 129.79±20.63 131.52±21.08 <0.0001

Diastolic blood pressure, 
mm Hg

83.38±11.76 83.55±11.66 83.05±11.85 82.85±11.66 84.08±11.82 <0.0001

Total cholesterol, mg/dL 4.95±1.15 4.78±1.27 4.92±1.09 5.00±1.05 5.08±1.14 <0.0001

Triglyceride, mg/dL 1.67±1.37 1.53±1.20 1.63±1.28 1.64±1.38 1.89±1.57 <0.0001

HDL- C, mg/dL 1.55±0.4 1.59±0.39 1.54±0.40 1.53±0.41 1.54±0.41 <0.0001

LDL- C, mg/dL 2.34±0.91 2.30±0.91 2.29±0.90 2.33±0.93 2.46±0.89 <0.0001

Fasting blood glucose, 
mmol/L

5.47±1.67 5.62±2.04 5.44±1.65 5.40±1.49 5.42±1.41 <0.0001

hs- CRP, mg/L 2.39±6.48 2.13±6.93 2.32±6.24 2.38±5.72 2.72±6.91 <0.0001

ACEI indicates angiotensin converting enzyme inhibitors; ARB, angiotensin II receptor blockers; HDL- C, high density lipoprotein cholesterol; hs- CRP, high 
sensitivity C- reactive protein; LDL- C, low density lipoprotein cholesterol; SCr, serum creatinine; and SUA, serum uric acid.
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Mediation analyses showed that BMI, TG, TC, DBP, 
FBG, and hs- CRP may play important mediating roles 
in the association between SUA/SCr and CVD.

The role of SUA in the development of CVD has 
long been debated. Some epidemiological studies, 
such as the Apolipoprotein MOrtality RISk study and 
the Rotterdam study, support a significantly posi-
tive association.3,4 Other observational studies, such 
as the Fremantle Diabetes Study and the results of a 
Mendelian randomization analysis, failed to demon-
strate a significant association between SUA and 
CVD.5,6 This was likely because of the following factors: 
SUA levels were determined primarily by renal clear-
ance function, those with lower eGFR are more likely 
to have higher SUA levels, and renal dysfunction may 
be a major confounder in studies on the association 

between SUA and CVD.31– 33 Therefore, if SUA is in fact 
a risk factor for CVD, baseline renal function- normalized 
SUA, which may reflect net SUA production, will be a 
more precise predictor of incident CVD.

Previous studies reported that SUA/SCr is asso-
ciated with certain adverse health outcomes under 
specific conditions, such as metabolic syndrome in 
postmenopausal women or diabetic patients, chronic 
kidney disease in diabetic individuals, and liver func-
tion in healthy subjects. All of these adverse outcomes 
are proven risk factors for CVD and may contribute to 
the pathology of CVD.9– 11,34– 36 To our knowledge, the 
association between SUA/SCr and CVD has not yet 
been fully characterized. To address this knowledge 
gap, we conducted the present study. Our results 
showed that higher SUA/SCr was associated with 

Figure 1. Association between quartiles of SUA/SCr and risk of cardiovascular disease and its subtypes.
HR indicates hazard ratio; IR, incidence rate; and SUA/SCr, serum uric acid to serum creatinine ratio. *Incidence rate per 1000 person- 
years. †Adjusted for age, sex, body mass index, education, income, smoke, drink, physical activity, hypertension, diabetes, dyslipidemia, 
proteinuria, diuretics, angiotensin converting enzyme inhibitors/angiotensin II receptor blockers treatment, systolic blood pressure, 
diastolic blood pressure, fasting blood glucose, total cholesterol, and high sensitivity C- reactive protein.
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elevated risk of CVD, which redefines the role of renal 
function- normalized SUA in the management of CVD. 
The biological mechanisms linking SUA/SCr to CVD 
are primarily considered to be oxidative stress and pro-
motion of inflammation. Increases in oxidative stress 
associated with SUA/SCr can result in senescence 
and apoptosis of human umbilical vein endothelial 
cells.37 Furthermore, SUA/SCr can promote prolifera-
tive and proinflammatory responses in cultured vascu-
lar smooth muscle cells.38,39 Other evidence indicates 
that SUA may have a pathogenic role through vascular 

effects.40 Additionally, SUA/SCr is associated with 
many cardiometabolic factors14– 16 that may provide a 
mediating pathway for the association between SUA/
SCr and CVD.

To investigate the potential pathways between 
SUA/SCr and CVD, mediation analyses were per-
formed by considering cardiometabolic factors as 
mediators. The results showed that TG, TC, BMI, 
DBP, hs- CRP, and FBG played fundamental roles in 
these pathways. Regarding the mediating role of lip-
ids, previous studies reported that higher SUA had an 

Figure 2. HRs and 95% CIs for SUA/SCr with risk of (A) CVD and (B– E) its subtypes by using 
restricted cubic spline regression with 5 knots with placed at the 5th, 25th, 50th, 75th, 95th 
percentiles of SUA/SCr.
The red line represented HR and blue lines represented 95% CI. Adjusted for age, sex, body mass index, 
education, income, smoke, drink, physical activity, hypertension, diabetes, dyslipidemia, proteinuria, 
diuretics, angiotensin converting enzyme inhibitors/angiotensin II receptor blockers treatment, systolic 
blood pressure, diastolic blood pressure, fasting blood glucose, total cholesterol, and high sensitivity C- 
reactive protein. CVD indicates cardiovascular disease; HR, hazard ratio; and SUA/SCr, serum uric acid 
to serum creatinine ratio.



J Am Heart Assoc. 2021;10:e023054. DOI: 10.1161/JAHA.121.023054 8

Wang et al Mediation Analysis on the Effect of SUA/SCr on CVD

unfavorable impact on lipids, and was associated with 
dyslipidemia.41 SUA and lipid metabolic disorder are 
mutually associated. An increase in SUA can lead to 
a decline in lipoprotein enzymes that affect lipid me-
tabolism, eventually resulting in alteration of adipose 
factors that regulate fat synthesis.42 Therefore, lipids 
may mediate the association between SUA/SCr and 
CVD. Regarding obesity and indicators of inflamma-
tion, SUA can activate the NLRP3 inflammasome and 
induce the production of inflammatory factors, and 

SUA acts on fat cells, which induces an inflammatory 
response. In the state of obesity, SUA can be con-
verted into an oxidant and participate directly in pro-
liferation and oxidative stress of fat.30,43 Inflammation 
and oxidative stress are major contributors in the 
pathology of CVD. Regarding blood pressure, many 
previous studies confirmed that SUA is associated 
with the risk of hypertension. Moreover, SUA can ac-
tivate the renin- angiotensin system, decrease renal 
blood flow, induce endothelial cell dysfunction, and 

Figure 3. Adjusted hazard ratio for the association between high SUA/SCr ratio (Q4) and risk of cardiovascular diseases 
stratified by (A) age, (B) kidney function status, and (C) glucose status subgroups.
Adjusted for age, sex, body mass index, education, income, smoke, drink, physical activity, hypertension, diabetes, dyslipidemia, 
proteinuria, diuretics, angiotensin converting enzyme inhibitors/angiotensin II receptor blockers treatment, systolic blood pressure, 
diastolic blood pressure, fasting blood glucose, total cholesterol, and high sensitivity C- reactive protein other than variables for 
stratification. Chronic kidney disease was defined as eGFR<60 mL/min per 1.73 m2, mild decrease was defined as eGFR ranged of 
60 to 89 mL/min per 1.73 m2, normal function was defined as eGFR ≥90 mL/min per 1.73 m2. Normglycemia was defined as a fasting 
plasma glucose <5.6 mmol/L, prediabetes was defined as a fasting plasma glucose of 5.6 to 6.9 mmol/L, and diabetes mellitus was 
defined as a fasting plasma glucose ≥7.0 mmol/L, or in those taking oral hypoglycemic agents or insulin, or having a history of diabetes 
mellitus. CVD indicates cardiovascular disease; HS, hemorrhagic stroke; IS, ischemic stroke; MI, myocardial infarction; and SUA/SCr, 
serum uric acid to serum creatinine ratio.
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further stimulate vascular smooth muscle cell prolif-
eration in systemic circulation, and these mechanisms 
lead to the occurrence of hypertension and CVD.44,45 
However, in the present study, FBG had a negative 
mediating effect on the association between SUA and 
CVD, suggesting an inverse link between SUA and 
FBG. Indeed, the negative association between SUA 
and FBG is consistent with findings from previous 
studies. A cross- sectional survey in Southern China 
reported a correlation coefficient of −0.26 between 
SUA and FBG in patients with type 2 diabetes.46 Data 
from the Riyadh 2 cohort showed that FBG was de-
creased with increased SUA/SCr, and subjects in the 
highest tertile of SUA/SCr had the lowest levels of 
FBG.47 Similar results were also observed in a retro-
spective study, which showed a negative correlation 
between SUA/SCr and diabetes (r=−0.075) and FBG 
(−0.059).9 One study has shown that the hyperfiltration 
state caused by hyperglycemia can promote excretion 
of SUA, which partially explains the existence of the 
inverse association.46 Our results showed that TG, TC, 
and DBP played mediating roles in the association 
between SUA/SCr and CVD. Although LDL- C, HDL- 
C, and SBP were not shown to play mediating roles 
in this association, this does not necessarily imply 
that they are not associated with SUA/SCr or CVD. 
Possible explanations required further investigations.

Our study had some strengths, including a large 
sample size and long follow- up period. Additionally, we 
quantified the contribution of cardiometabolic factors 
in the pathways between SUA/SCr and CVD. However, 
the study also had limitations. First, we did not col-
lect information on commonly used urate- lowering 
management strategies or medication use such as al-
lopurinol. The potential for these treatment strategies 

to lower CVD risk is relatively understudied. Second, 
we separately assessed the mediating effects of an in-
dicator of obesity, blood pressure, blood lipids, blood 
glucose, and an indicator of inflammation on the asso-
ciation between SUA/SCr and CVD. However, because 
of the complexity associated with the numerous per-
mutations of mediators, it may not be feasible to mu-
tually consider the combined mediating and interactive 
effects of these mediators. Third, because all partici-
pants were employees of the Kailuan Coal Company 
and most were men, the sex distribution of participants 
was unbalanced. Therefore, this cohort is not nation-
ally representative. However, the constitution of the 
population was complex, consisting of individuals from 
all levels of society and across various occupations, 
including coal miners, administrators, secretaries, ac-
countants, and support and service staff, such as phy-
sicians, nurses, vendors, and teachers. Study of such 
a geographically confined and controlled population 
greatly reduces residual confounding factors because 
of diverse socioeconomic factors and lifestyle pat-
terns. Finally, because this was an observational study, 
we could not establish a causal association between 
SUA/SCr and CVD.

CONCLUSIONS
In conclusion, we found that higher SUA/SCr was as-
sociated with risk of incident CVD. Furthermore, me-
diation analyses demonstrated that blood lipids, BMI, 
blood pressure, hs- CRP, and blood glucose are poten-
tial mediators of this association. The identification of a 
mediating effect between SUA/SCr and development 
of CVD may improve our understanding of the mecha-
nisms that influence incident CVD, and emphasize 

Figure 4. Mediation analyses of the association between SUA/SCr and CVD.
A, Contribution of TG; (B) Contribution of BMI; (C) Contribution of TC; (D) Contribution of hs- CRP; (E) Contribution of DBP; (F) 
Contribution of FBG. Adjusted for age, sex, education, income, smoking status, drinking status, and physical activity. BMI indicates 
body mass index; CVD, cardiovascular disease; DBP, diastolic blood pressure; FBG, fasting blood glucose; hs- CRP, high sensitivity 
C- reactive protein; SUA/SCr, serum uric acid/serum creatinine ratio; TC, total cholesterol; and TG, triglyceride. * P<0.05; ** P<0.01.
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the important roles of renal function- normalized SUA 
(SUA/SCr) and cardiometabolic factors as conjunctive 
intervention targets in the prevention of CVD.
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Supplemental Material 

 



Table S1. Association of SUA/SCR, SUA, and SCr with risk of CVD. 

 

Exposure Q1 Q2 Q3 Q4 

SUA/SCr Reference  1.01(0.94-1.08) 1.11(1.03-1.19) 1.15(1.07-1.23) 

SUA Reference  0.97(0.90-1.05) 1.03(0.95-1.11) 1.10(0.98-1.19) 

SCr Reference  1.02(0.95-1.10) 0.95(0.89-1.08) 0.90(0.84-1.03) 

SUA, serum uric acid; SCr, serum creatinine; SUA/SCr: serum uric acid to serum 

creatinine ratio. 

Adjusted for age, sex, body mass index, education, income, smoke, drink, physical 

activity, hypertension, diabetes, dyslipidemia, proteinuria, diuretics, angiotensin 

converting enzyme inhibitors/angiotensin II receptor blockers treatment, systolic 

blood pressure, diastolic blood pressure, fasting blood glucose, total cholesterol, and 

high sensitivity C-reactive protein.



Table S2. Sensitivity analysis with competing risk model considering death as a competing risk. 

 Quartiles of SUA/SCr  

Outcomes  Q1 Q2 Q3 Q4 P for trend 

Cardiovascular disease Reference 1.02(0.94-1.10) 1.12(1.04-1.20) 1.15(1.07-1.24) <0.0001 

Stroke  Reference 1.02(0.94-1.10) 1.10(1.02-1.20) 1.17(1.08-1.27) <0.0001 

Ischemic stroke  Reference 1.01(0.92-1.10) 1.10(1.00-1.20) 1.12(1.03-1.23) 0.0030 

Hemorrhagic stroke Reference 1.09(0.89-1.33) 1.19(0.97-1.46) 1.36(1.12-1.66) 0.0013 

Myocardial infarction Reference 1.02(0.88-1.20) 1.17(1.00-1.36) 1.08(0.92-1.26) 0.1766 

SUA/SCr, serum uric acid to serum creatinine ratio. 

Adjusted for age, sex, body mass index, education, income, smoke, drink, physical activity, hypertension, diabetes, dyslipidemia, proteinuria,  

diuretics, angiotensin converting enzyme inhibitors/angiotensin II receptor blockers treatment, systolic blood pressure, diastolic blood pressure, 

fasting blood glucose, total cholesterol, and high sensitivity C-reactive protein. 



Table S3. Sensitivity analysis excluding outcome events within the first year of follow-up (N=1500). 

 Quartiles of SUA/SCr  

Outcomes  Q1 Q2 Q3 Q4 P for trend 

Cardiovascular disease Reference 1.02(0.94-1.10) 1.13(1.04-1.22) 1.16(1.08-1.26) <0.000 

Stroke  Reference 1.02(0.93-1.11) 1.11(1.02-1.22) 1.18(1.08-1.29) <0.000 

Ischemic stroke  Reference 1.01(0.92-1.11) 1.11(1.01-1.23) 1.14(1.04-1.26) 0.0014 

Hemorrhagic stroke Reference 1.05(0.83-1.34) 1.18(0.93-1.50) 1.38(1.10-1.74) 0.0036 

Myocardial infarction Reference 1.02(0.86-1.21) 1.18(1.00-1.39) 1.11(0.94-1.31) 0.1066 

SUA/SCr, serum uric acid to serum creatinine ratio. 

Adjusted for age, sex, body mass index, education, income, smoke, drink, physical activity, hypertension, diabetes, dyslipidemia, proteinuria, 

diuretics, angiotensin converting enzyme inhibitors/angiotensin II receptor blockers treatment, systolic blood pressure, diastolic blood pressure, 

fasting blood glucose, total cholesterol, and high sensitivity C-reactive protein. 



Table S4. Direct and indirect effects of SUA/SCr on the risk of CVD and the proportion mediated by cardio-metabolic factors. 

Potential 

mediators 

Direct effect   Indirect effect   Proportion 

mediated (%) 

 Βdir, (95% CI) P  βindir, (95% CI) P   

TG 0.0042(0.0006-0.0078) 0.0027  0.0019(0.0002-0.0022) <0.0001  30.74 

TC 0.0051(0.0015-0.0087) 0.0051  0.0009(0.0007-0.0011) <0.0001  15.06 

BMI 0.0049(0.0013-0.0084) 0.0079  0.0012(0.0.0009-0.0014) <0.0001  19.52 

DBP 0.0053(0.0025-0.0096) 0.0002  0.0007(0.0004-0.0010) <0.0001  11.75 

hs-CRP 0.0053(0.0017-0.0089) 0.0041  0.0008(0.0006-0.0010) <0.0001  13.06 

FBG 0.0070(0.0035-0.0106) 0.0001  -0.0010(-0.0012--0.0007) <0.0001  -16.38 

SBP 0.0059(0.0027-0.0099) 0.0005  0.0002(-0.0001-0.0006) 0.1562  -- 

LDL-C 0.0058(0.0026-0.0098) 0.0007  0.0003(-0.0002-0.0005) <0.0651  -- 

HDL-C 0.0060(0.0024-0.0096) 0.0010  0.0001(-0.0003-0.0006) 0.5894  -- 

BMI, body mass index; CI, confidence interval; CVD, cardiovascular disease; DBP, diabolic blood pressure; FBG, fasting blood glucose; TC, 



total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; hs-CRP, high sensitivity C-reactive protein; LDL-C, low density 

lipoprotein cholesterol; SBP, systolic blood pressure. 

Total effect was 0.0061(95% CI, 0.0025-0.0096; P=0.0010). 

Adjusted for age, sex, education, income, smoking status, drinking status, and physical activity. 



Figure S1. The flowchart of the study. 

 

 

 

CVD, cardiovascular disease. 

 


