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Aim: This study aimed to test the predictive power of serum uric acid (UA) levels on
new-onset cardiometabolic risk in the Chinese population.

Methods: Older people who visited a community health center for a yearly health check
(N = 5,000; men: 47%, women: 53%) were enrolled. Participants were followed for 4
years from baseline (median: 48 months), with the endpoints being development of heart
failure, atrial fibrillation, diabetes, hypertension, metabolic syndrome, or kidney disease.

Results: During follow-up, 342 men (7.4%) and 360 women (8.6%) developed
hypertension; 98 men (2.48%) and 135 women (3.06%) developed diabetes; and
175 men (5.04%) and 214 women (4.51%) developed metabolic syndrome. Incident
diabetes, hypertension, and metabolic syndrome increased with increased UA levels
at baseline (P < 0.001). A multivariate Cox proportional hazards analysis revealed a
significant, independent association between the baseline UA level and the onset and
future hypertension and/or diabetes in both men and women. However, UA is associated
with the development of metabolic syndrome in men, but not in women.

Conclusion: UA is an independent predictor of new-onset diabetes and hypertension
in both women and men and a predictor of new-onset metabolic syndrome only in men.

Keywords: uric acid, cardiometabolic disease, community older population, predictor, cohort study

INTRODUCTION

Lifestyle changes have been shown to be a significant factor in the increasing prevalence of
hyperuricemia, and several studies have indicated that uric acid (UA) is a risk factor for
cardiometabolic disease (e.g., hypertension, diabetes mellitus, chronic kidney disease, coronary
heart disease or stroke) in clinical settings (1-5). A possible reason for this increase is the gradual
change in dietary intake toward high fat, protein, and carbohydrate consumption, which leads to
increasing UA levels (6).
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It is well-established that older people are at increased risk
of cardiometabolic disease (7, 8). In particular, the reduction
in renal function that occurs with aging is associated with an
increased number of cardiometabolic disease events independent
of other confounding factors, such as age and metabolic
conditions (9). Moreover, the incidence of cardiometabolic
disease has also been shown to increase with increasing UA
levels (10).

Previous studies have shown that high UA levels are
associated with hypertension. However, this studies have not
comprehensively assessed the association between hyperuricemia
and cardiometabolic disease, including stroke, coronary disease,
and cardiovascular events. In addition, most of these studies
were conducted at least 10 years ago. Therefore, owing to
the possibility of shared genetic factors for hyperuricemia
and cardiometabolic disease, whether hyperuricemia is an
independent risk factor for adult cardiometabolic disease remains
unclear. Moreover, the relationship between serum UA levels
and cardiometabolic disease has not been studied in the Chinese
population in China.

Gaohang is a large district in Pudong New Territory in
Shanghai Municipal City, which is located in the central part of
the east coast of China. Shanghai East Hospital is responsible
for the healthcare of the Gaohang community, and the hospital’s
Heart Disease Research Group has built health records from July
2013 to December 2017 for all people of this community. Hence,
a prospective study was conducted to examine the effect of serum
UA on the incidence of cardiometabolic disease in this cohort.

METHODS

Sample

The Gaohang community cohort includes 5,000 older people
who were randomly selected from 137,625 residents, who are
mainly Han Chinese. The participants underwent a health screen
at Shanghai East Hospital between 1 March 2013 and 30 June
2013 and follow-up visits in June 2014 and December 2017.
At the baseline and at the 2014 and 2017 follow-up visits,
3,204 people, accounting for 64.08% retention rate, completed
the medical screening and biological tests and answered the
survey questions. A comparison between the 3,204 participants
and the 1,796 participants who dropped out of the study did
not show differences in age, gender, education, marital status,
or occupation. Participants with an established cardiometabolic
disease or without available data on UA were excluded. The Ethics
Committee of Shanghai East Hospital approved the study, and all
participants provided consent for their participation in the study.

Demographic Characteristics

Data on participants’ demographic characteristics and on their
health behavior, diet, disease history, medication use, and
treatment for cardiometabolic disease were collected using
a survey. Their weight and body mass index (BMI) were
measured during the health examination. BMI was defined
as weight in kilograms divided by the square of the height
in meters (kg/m?). Disease history was defined as a history
of cardiometabolic disease, which includes one or all of

the following: hypertension, diabetes mellitus, chronic kidney
disease, coronary heart disease, and stroke. Medication use was
defined as any medication prescribed by doctors for the treatment
of cardiometabolic disease.

Exercise data were collected using a questionnaire and were
classified as no exercise, mild exercise, and moderate exercise
according to the Physical Exercise Guideline (11). No exercise
includes sitting, lying, and no oxygen consumption-related
activities. Examples of mild exercise include walking slowly
(e.g., shopping and walking around office), preparing food, and
washing dishes. Examples of moderate exercise include walking
briskly, slow dancing, vacuuming, and playing badminton and
basketball. Smoking was defined as daily consumption of at least
one cigarette for at least 1 year, and drinking was defined as >50 g
average daily consumption of alcohol for more than 1 year.

Laboratory Measurements

Prior to their laboratory tests, the participants were instructed to
fast for at least 12 h. Their BP was measured using a calibrated
mercury sphygmomanometer after they had rested for at least
5min. The BP was measured three times continuously, with a
break of 1-2 min between measurements, and the average of the
three measurements was considered the final BP.

Samples of the concentrations of serum UA, fasting glucose
(FBG), total cholesterol (TC), triglycerides (TG), high-density
lipoprotein (HDL), low-density lipoprotein (LDL), serum
creatinine (Cr), and C-reactive protein (CRP) were coded
and stored at —80 CO until analysis. Laboratory technicians
conducted a blinded analysis of the samples. Serum UA, glucose,
TC, TG, LDL, Cr, and CRP concentrations were measured
using standard enzymatic automated methods. HDL-c was
measured through the enzymatic procedure after precipitation.
All examinations were repeated during follow-up visits in 2014
and 2017.

Definition of Disease and Diagnostic

Criteria

Heart failure, heart disease events, and atrial fibrillation are
defined by the American Heart Association guidelines (1).
Hypertension is defined as having systolic BP > 140 mmHg
and/or diastolic BP > 90 mmHg according to the 2017 American
Heart Association Guidelines for people aged below 65 years,
and SBP > 150 mmHg and/or DBP > 100 mmHg for people
aged 65 years and above (1). Diagnosis of metabolic syndrome
was defined according to 2017 American Heart Association
Guidelines (12). If an individual met three of the five criteria,
the condition was diagnosed as metabolic syndrome: Asian: waist
circumference more than 100 cm in men or more than 85cm in
women (population-specific modifications); TG > 150 mg/dL,
HDL-C < 40 mg/dL in men or <50 mg/dL in women or on
drug treatment; high BP: > 130 mm Hg systolic or > 85mm
Hg diastolic or on antihypertensive treatment; high glycemia:
more than 100 mg/dL in glucose or on drug treatment for
elevated glucose. Stroke, which was defined according to the
World Health Organization definition (that was introduced in
1970 and is still used), is “rapidly developing clinical signs of
focal (or global) disturbance of cerebral function, lasting more
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than 24h or leading to death, with no apparent cause other
than that of vascular origin” (13). Kidney disease was defined as
kidney damage or a GFR below 60 mL per minute per 1.73 m?
for 3 months or more (14). Diabetes was defined based on the
parameters established by the China Diabetes Society, namely,
FBG of 7.0 mmol/L or more (15). Diagnoses of heart failure,
heart disease events, atrial fibrillation, diabetes, hypertension,
metabolic syndrome, and kidney disease were confirmed by
cardiac specialists based on the pathological diagnosis, ECG, and
ultrasound tests.

Statistical Analysis

Data analysis was performed using SPSS 25.0 (SPSS, Chicago,
IL, USA). Numeric data were expressed as mean =+ standard
deviation (SD), whereas categorical data were expressed as
numbers and percentages. To identify potential confounding
factors, the chi-square test (¥2) was used to compare the
differences between the group with disease and the group without
disease in categorical variables, including age, occupation,
education, marital status, income, BMI, smoking, drinking,
and exercise. An independent t-test was used to compare the
differences between these two groups in the continuous variables,
including waist circumference, systolic BP, diastolic BP, TC, LDL,
HDL, glucose, UC, UN, and CRP in the 2013 baseline data. If
any statistical differences in any of these factors were found, these
were subsequently included in the multivariate analysis using
the Cox regression analysis. The t-tests were used to test the
differences between the groups with and without disease. The chi-
square test and t-tests were conducted on male as well as female
participant groups.

The baseline serum UA was further divided into four
quartiles, and the association between UA and each laboratory
measure was analyzed using analysis of variance (ANOVA) to
examine whether the laboratory-based measures had increased
with increasing UA levels in men and women. The prediction
of serum UA on each of the diseases was conducted using
the Cox regression analysis on data for the male and female
participant groups. The normality of all continuous variables was
checked prior to the analyses to ensure they met the statistical
assumptions. P < 0.05 were considered statistically significant
for the bivariate analysis and <0.01 for the Cox regression
analysis when confounding factors were included in the analyses.
The time-to-event was calculated as person-years data when
participants did not have any diseases and had incidence of the
disease condition in the follow-up years, that is, in either 2014
or 2017.

RESULTS

The baseline characteristics of the participants are shown
in Table 1.

The overall mean baseline UA was 5.96 (1.39) mg/dl in men
and 5.07 mg/dl in women in 2013 and 6.05 (1.55) mg/dl in
men and 5.21 (1.34) mg/dl in women in 2017. Participants were
divided into eight groups based on the quartiles of the baseline
serum UA levels. The mean baseline serum UA in the male
quartile groups was 4.25, 5.25, 5.80, and 6.57 mg/dl, and in the

female quartile groups was 3.80, 4.89, 5.79, and 7.36 mg/dl. In
2017, the mean serum UA in the male quartile groups was 4.32,
5.36, 6.04, and 7.12 mg/dl, and in the female quartile groups was
4.25,5.25,5.80, and 6.57 mg/dL.

Table 2 shows the association of SBP, TG, TC, HDL, LDL,
Glucose Cr, CRP, and BMI, with UA and this was further analyzed
using ANOVA. As shown in Table 2, systolic BP, BMI, TG, TC,
HDL, LDL, Cr, and BMI all increased with increasing levels of
serum UA in both men and women. These characteristics were
significantly different among the quartiles (P < 0.001); these
factors were considered confounding factors and were included
in the next step, the Cox regression analysis. In the ANOVA
analysis, age and diastolic BP were not significantly associated
with the increasing levels of serum UA in men, and TC and
glucose were not significantly associated with the increasing
levels of UA in women. Glucose was not associated with the
increasing levels of UA in either men or women. Hence, age and
diastolic BP were not included in the Cox regression analysis for
men and TC and glucose were not included in that for women.

Incidence of Cardiometabolic Disease in

Each Quartile

During the follow-up visits, it was found that 342 men (7.4%)
and 360 women (8.6%) had developed hypertension; 98 men
(2.48%) and 135 women (3.06%) had developed diabetes; and
175 men (5.04%) and 214 women (4.51%) had developed
metabolic syndrome. Incident hypertension, and metabolic
syndrome and diabetes increased with the increased UA levels at
baseline (P < 0.001).

Cox Regression Analysis for

Cardiometabolic Disease

The Cox regression analysis using cardiometabolic disease as
the dependent variable and the UA quartile as the independent
variable was used to evaluate the association between serum
UA and cardiometabolic disease (Table 3). Confounding factors,
namely, SBP, TG, TC, HDL, LDL, Cr, CRP, glucose, and BMI
were included in the analysis for men, and SBP, TG, HDL, LDL,
Cr, CRP, and BMI were included in the analysis for women. The
analysis showed that a high level of serum UA was associated with
an increased incidence of diabetes, hypertension, and metabolic
syndrome in men. Hazard ratios (HRs) (95% CI) were 2.08 (0.89—
4.85) for M4 for diabetes, 1.72 (1.07-7.770) and 1.54 (0.94-
2.51) for M3 and M4 for hypertension, and 1.61(0.95-2.72)
and 1.61 (0.93-2.77) for M3 and M4 for metabolic syndrome.
An increased level of UA was associated with an increased
incidence of diabetes and metabolic syndrome in women; the
HRs (95%) were 1.50 (0.95-2.36) and 1.56 (0.94-2.56) for F3
and F4 for diabetes, and 1.28 (0.96-1.70) for F4 for hypertension.
Interestingly, the high levels of UA in M3 and M4 were associated
with a reduced HR for metabolic syndrome in women.

DISCUSSION

The results of the present study demonstrate that the incidence
of heart disease after 4 years of follow-up was statistically
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TABLE 1 | Comparison between disease group and normal group in 2013 (disease are defined as cases from 2014 and 2017 results).

Total Male Female
Variables Disease Normal Statistics Disease Normal Statistics Disease Normal Statistics
group group group group group group
(n = 371) (n = 2,833) P (n =142) (n =1,237) p (n = 229) (n = 1,596) P
Gender: n (%)
Female 233 (62.8) 1590 (56.1) 0.02
Male 138 (37.2) 1243 (43.9)
Age (years): n (%)
<65 72 (19.4) 533 (18.8) 0.80 25 (17.6) 244 (19.7) 0.71 47 (20.5) 289 (18.1) 0.20
66-70 126 (34.0) 979 (88.6) 48 (33.9) 439 (35.5) 78 (34.1) 540 (33.8)
71-75 63 (17.0) 545 (19.2) 32 (22.5) 237 (19.2) 31(13.5) 308 (19.3)
76-80 68 (18.3) 471 (16.6) 20(14.1) 198 (16.0) 48 (21.0) 273 (17.1)
>80 42 (11.3) 305 (10.8) 17 (12.0) 119 (9.6) 25 (10.9) 186 (11.7)
Occupation: n (%)
Office worker 53 (14.3) 438 (89.2) 0.11 29 (20.4) 280 (22.7) 0.20 24 (10.5) 158 (9.9) 0.78
Operator 115(31.1) 1021 (89.9) 67 (47.2) 636 (51.5) 48 (21.1) 385 (24.2)
Farmer 181 (48.9) 1195 (86.8) 36 (25.4) 221 (17.9) 145 (63.6) 974 (61.1)
Others 21 (5.7) 174 (6.2) 10 (7.0) 97 (7.9) 11(4.8) 77 (4.8)
Education: n (%)
Primary below 87 (23.6) 537 (19.0) 0.09 15 (10.6) 60 (4.9) 0.03 72 (31.7) 477 (29.9) 0.13
Primary school 75 (20.3) 621 (21.9) 22 (15.5) 239 (19.3) 53 (23.3) 382 (24.0)
Secondary school 165 (44.7) 1402 (49.5) 80 (56.3) 735 (59.5) 85 (37.4) 667 (41.8)
College and above 42 (11.4) 270 (9.5) 25 (17.6) 202 (16.3) 17 (7.5) 68 (4.3)
Marital: n (%)
No married 83 (22.5) 638 (22.6) 0.96 17 (12.0) 132 (10.7) 0.65 66 (29.1) 506 (31.8) 0.41
Married 286 (77.5) 2183 (77.4) 125 (88.0) 1098 (89.3) 161 (70.9) 1085 (68.2)
Monthly income (¥): n (%)
<1,500 97 (26.6) 759 (27.2) 0.99 21 (15.1) 185 (15.2) 0.70 76 (33.8) 574 (36.5) 0.82
1,500-2,000 64 (1.6) 503 (18.0) 22 (15.8) 237 (19.4) 42 (18.7) 266 (16.9)
2,000-2,500 87 (23.9) 654 (23.4) 33 (23.7) 297 (24.3) 54 (24.0) 357 (22.7)
> 2,500 116 (31.9) 878 (31.4) 63 (45.9) 501 (41.1) 53 (23.6) 377 (24.0)
Medication taking: n (%)
No 306 (88.7) 886 (33.1) <0.001 114 (87.7) 420 (35.9) < 0.001 192 (89.3) 466 (31.0) < 0.001
1 type medication and more 39 (11.3) 1788 (66.9) 16 (12.3) 751 (64.1) 23 (10.7) 1037 (69.0)
Smokin g:n (%)
No 306 (82.5) 2164 (76.4) 0.002 80 (56.3) 600 (48.5) 0.009 226 (98.7) 1564 (98.0)
Yes 49 (13.2) 393 (13.9) 47 (33.1) 372 (30.1) 2(0.9) 21 (1.9)
Smoked before but stopped 16 (4.3) 276 (9.7) 15 (10.6) 265 (21.4) 1(0.4) 11(0.7)
Exercise intensity: n (%)
No exercise 17 (4.7) 134 (4.9) 0.06 6 (4.9) 44 (3.7) 0.43 11 (5.0 90 (5.9 0.06
Light-intensity 229 (63.6) 1876 (69.2) 84 (60.9) 793 (66.4) 145 (65.3) 1083 (71.4)
Moderate-intensity 114 (31.7) 700 (25.8) 48 (34.8) 357 (29.9) 66 (29.7) 343 (22.6)

WC, Waist circumference; ARB, Angiotensin receptor blocker; DBF, Diastolic blood pressure; SBF, Systolic blood pressure; IVS, Interventricular septum; ALT, Alanine aminotransferase;
LAD, Left atrial diameter; LVDS, left ventricular end-systolic diameter; LVDD, Left ventricular end-diastolic diameter.
Disease group includes heart disease, cases with heart disease events, atrial fibrillation, diabetes, hypertension, metabolic syndrome and kidney disease. These diseases are also listed

in Table 3. Bold values are statistically significant.

significantly higher with increasing baseline levels of serum
UA in community-dwelling older people. The fact that this
incidence is significant even after adjusting for confounding
factors suggests that UA is an independent predictor of the risk

of cardiometabolic disease in this population.

Our cohort comprises people aged 60 years and above, and
the average age of both women and men was 70 (6) years. Our
results suggest that serum UA is a significant risk factor for
cardiometabolic disease in older adults, independent of other risk
factors. The association between UA and cardiometabolic disease
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has been examined in previous cohort studies, which have shown
consistent findings demonstrating that increased UA levels are
associated with a significantly higher risk of cardiovascular
mortality (16) and predicted cardiometabolic disease in middle-
aged men without clinical cardiometabolic disease and diabetes
(17). Our study extends these previous findings to confirm
that increased UA levels are associated with a higher risk of
cardiometabolic disease in community-dwelling older people
without clinical cardiometabolic disease and diabetes. This is
the first study to examine the association between UA and risk
of cardiometabolic disease in a Chinese community-based older
adult cohort.

The results on the association between elevated levels of serum
UA and elevated levels of lipids, insulin, and CRP in our study
are consistent with those of previous studies. The mechanism
by which hyperuricemia is associated with risk factors for
cardiometabolic disease may be due to several pathological and
endocrine factors. First, elevated serum UA may be associated
with endothelial and inflammatory function as a result of
increased oxidative stress (18). Hyperuricemia may increase the
production of oxygen free radicals and platelet adhesiveness,
which may explain the association between hyperuricemia and
coronary heart disease events (19). Hyperuricemia has been
associated with reduced insulin sensitivity, as demonstrated in
Facchini’s study (20). It is possible that serum UA levels are
associated with insulin resistance, and that the interaction with
insulin resistance is at the level of the kidneys (20). Further, it
has been demonstrated that high UA levels are independently
associated with increased sodium resorption in men (21). This
association may be a reason for hypertension. UA is strongly
associated with increased incidence of metabolic syndrome, a key
risk factor of cardiometabolic disease (22).

Our results indicate that when the serum UA level exceeded
6.34 mg/dl in males, new-onset diabetes increased significantly.
When the serum UA level exceeded 5.35 mg/dl in males, the onset
of hypertension in males increased significantly. When serum
UA exceeded 5.35 mg/dl in males and 6.34 mg/dl in females,
the onset of metabolic syndrome increased significantly. Similar
results were also reported in previous studies on the relationship
between UA levels and onset of cardiometabolic disease (23, 24).
However, in these studies the UA level became a significant risk
at much higher levels than 6.2 mg/dl in men (23). Possibly, the
age of the participants in our study is much greater than the
age of those in Takase’s (23) and Verdecchia’s studies (24) and
even a small elevation to 5.34 mg/dl can lead to a higher risk
of cardiometabolic disease in men. The second possible reason
is that the men in our study were on medications for HTN,
hyperlipidemia, or diabetes at baseline. That is, at baseline they
were not healthy. These reasons may account for the range of
variations in MetS components. Third, the case numbers in the
high level of UA group in women reduced dramatically compared
with the lower end of UA might contribute to these inconsistent
results between men and women. Serum UA levels exceeding 5.34
mg/dl make UA a sensitive marker of kidney dysfunction and
may cause a deterioration in kidney function (25). This decreased
kidney function and low eGFR are associated with an increase in
BP and the development of hypertension (9). Another potential
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TABLE 3 | Risk of disease by categories of serum uric acid of baseline (raw percentages) (uric acid is from baseline. All diseases are from 2017 follow-up data).

Variables Serum uric acid quartile(mg/dL) (Men) Serum uric acid quartile(mg/dL) (Women)

<4.52 4.53-5.34 5.35-6.33 >6.34 <4.52 4.53-5.34 5.35-6.33 >6.34
Heart failure
No. of subjects: n (heart failure subjects) 97 (24) 152 (48) 205 (48) 256 (60) 331 (78) 249 (79) 212 (67) 133 (43)
No. of incidents of HF(rate: %) 42 (10.32) 80 (11.94) 106 (11.88) 124 (10.72) 141 (9.32) 122 (10.77) 107 (11.33) 89 (14.26)
Person-years 407 670 892 1,157 1,513 1,133 944 624
Crude 95% Cl 1 1.37 (0.71-2.65) 0.87 (0.44-1.71) 1.21 (0.65-2.25) 1 1.15(0.79-1.69) 1.09 (0.73-1.63) 1.14(0.71-1.83)
Adjusted 95% ClI 1 1.18 (0.60-2.32) 0.73 (0.36-1.47) 0.86 (0.43-1.72) 1 1.27 (0.86-1.88) 1.30 (0.85-1.99) 1.55 (0.90-2.67)
Heart disease events
No. of subjects 104 (59) 164 (93) 227 (139) 279 (177) 353 (201) 265 (168) 225 (152) 141 (99)
No. of incidents of HD event (rate: %) 20 (4.23) 34 (4.55) 35 (3.28) 53 (4.14) 83 (5.13) 55 (4.45) 63 (6.26) 28 (4.05)
Person-years 473 748 1,067 1,280 1,618 1,236 1,006 692
Crude 95% Cl 1 0.77 (0.34-1.71) 0.90 (0.44-1.86) 0.77 (0.37-1.57) 1 0.88 (0.55-1.39) 0.70 (0.42-1.17) 0.61(0.32-1.18)
Adjusted 95% ClI 1 0.80 (0.35-1.82) 0.93 (0.43-1.99) 0.79 (0.35-1.77) 1 0.91 (0.57-1.46) 0.77 (0.44-1.33) 0.73 (0.35-1.53)
Atrial fibrillation
No. of subjects 101 (9) 159 (5) 221 (16) 272 (13) 343 (18) 262 (9) 222 (6) 137 (8)
No. of incidents of AF (rate: %) 5 (1.05) 7 (0.92) 19 (1.81) 24 (1.84) 28 (1.7) 16 (1.26) 16 (1.51) 17 (2.47)
Person-years 474 765 1,051 1,302 1,648 1,270 1,061 687
Crude 95% Cl 1 0.66 (0.13-3.26) 1.52 (0.42-5.51) 1.08 (0.29-4.01) 1 0.76 (0.30-1.93) 0.73 (0.28-1.95) 1.71(0.70-4.19)
Adjusted 95% ClI 1 0.66 (0.13-3.35) 1.74 (0.45-6.75) 1.49 (0.35-6.23) 1 0.80 (0.31-2.09) 0.80 (0.28-2.28) 2.19(0.78-6.19)
Diabetes
No. of subjects 101 (26) 162 (39) 216 (62) 273 (74) 346 (91) 259 (78) 224 (69) 139 (46)
No. of incidents of DM (rate: %o) 7 (1.49) 15(1.93) 32 (3.10) 44 (3.41) 38 (2.29) 36 (2.90) 36 (3.44) 25 (3.61)
Person-years 470 776 1,033 1,290 1,656 1,242 1,047 692
Crude 95% ClI 1 1.30(0.53-3.18) 2.07 (0.91-4.69)* 2.28 (1.03-5.06)* 1 1.26 (0.80-1.99) 1.50 (0.95-2.36)* 1.56 (0.94-2.59)*
Adjusted 95% ClI 1 1.29 (0.52-3.21) 1.98 (0.85-4.58) 2.08 (0.89-4.85)* 1 1.12(0.70-1.78) 1.29 (0.80-2.08) 1.24 (0.70-2.21)
Hypertension
No. of subjects 97 (35) 154 (68) 216 (102) 274 (137) 337 (150) 259 (124) 218 (103) 130 (72)
No. of incidents of Hypertension (rate: %o) 23 (56.19) 44 (6.15) 86 (8.90) 96 (7.75) 121 (7.75) 86 (7.34) 94 (9.75) 59 (9.38)
Person-years 443 715 966 1,239 1,562 1,172 964 629
Crude 95% Cl 1 1.17 (0.71-1.94) 1.68 (1.06-2.66)* 1.47 (0.94-2.32)* 1 0.94 (0.71-1.24) 1.24 (0.95-1.63) 1.17 (0.85-1.59)
Adjusted 95% ClI 1 1.20 (0.72-1.99) 1.72 (1.07-2.77)* 1.54 (0.94-2.51)* 1 1.00 (0.76-1.33) 1.28 (0.96-1.70)* 1.18 (0.82-1.68)
Metabolic syndrome
No. of subjects 95 (29) 148 (56) 202 (83) 256 (125) 323 (196) 239 (165) 207 (169) 123 (102)
No. of incidents of Mt Syndrome (rate: %) 20 (4.48) 29 (4.03) 58 (6.04) 68 (5.60) 99 (6.40) 57 (4.95) 42 (4.21) 16 (2.49)
Person-years 446 719 960 1,214 1,546 1,162 998 643
Crude 95% ClI 1 0.90 (0.51-1.59) 1.35(0.81-2.25) 1.26 (0.76-2.07) 1 0.77 (0.56-1.07) 0.66 (0.46-0.95)** 0.39 (0.23-0.66)**
Adjusted 95% ClI 1 1.01 (0.57-1.80) 1.61 (0.95-2.72)* 1.61 (0.93-2.77)* 1 0.96 (0.69-1.35) 0.84 (0.58-1.23) 0.56 (0.31-1.01)*
Kidney disease(eGFR)
No. of subjects 98 (13) 160 (38) 215 (65) 269 (119) 346 (81) 256 (93) 221 (93) 134 (70)
No. of incidents of kidney disease (rate: %) 20 (4.52) 35 (4.78) 37 (3.65) 71 (6.77) 70 (4.39) 65 (5.49) 53 (5.28) 33 (4.99)
Person-years 442 732 1,014 1,230 1,596 1,185 1,004 661
Crude 95% Cl 1 1.06 (0.61-1.83) 0.80 (0.46-1.38) 1.26 (0.77-2.08) 1 1.24 (0.88-1.74) 1.20 (0.84-1.71) 1.10 (0.73-1.66)

Adjusted 95% CI

1

1.03 (0.59-1.79)

0.78 (0.45-1.36)

1.23 (0.73-2.06)

1

1.18 (0.83-1.67)

1.03 (0.71-1.50)

0.84 (0.53-1.36)

*p < 0.10; **p < 0.05. Bold values are statistically significant.
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mechanism may be the deposition of UA on the vascular wall as
monosodium urate crystals, which would affect coagulation, and
likely lead to arteriosclerosis and hypertension.

Strengths and Limitations

This study is the first to investigate the relationship between
serum UA levels and the development of cardiometabolic
disease in older community-dwelling adults in China. However,
it has several limitations. First, the study participants were
invited to participate while undergoing health checks and hence
may include those who are particularly concerned about their
health, especially those who completed follow-up data collection.
Second, the laboratory measures, including serum UA, were
obtained using a single blood sample and continuous data
collection was not conducted. Thus, the confounding effects of
other factors subject to change, such as smoking, drinking, and
diet, were not considered, and hence, the results of the study
need to be interpreted with caution. Finally, serum cystatin
C rather than serum creatinine should be measured in a
future study to provide an accurate assessment of damage to
the kidneys.

CONCLUSION

UA is an independent predictor of new-onset diabetes and
hypertension in both women and men, and a predictor of new-
onset metabolic syndrome only in men.

DATA AVAILABILITY STATEMENT

All datasets generated for this study are included in the
article/supplementary material.

REFERENCES

1. Kanbay M, Yilmaz MI, Sonmez A, Solak Y, Saglam M, Cakir E, et al.
Serum uric acid independently predicts cardiovascular events in advanced
nephropathy. Am ] Nephrol. (2012) 36:324-31. doi: 10.1159/000342390

2. Kleber ME, Delgado G, Grammer TB, Silbernagel G, Huang ], Kramer BK,
et al. Uric acid and cardiovascular events: a mendelian randomization study. J
Am Soc Nephrol. (2015) 26:2831-8. doi: 10.1681/ASN.2014070660

3. Levantesi G, Marfisi RM, Franzosi MG, Maggioni AP, Nicolosi GL,
Schweiger C, et al. Uric acid: a cardiovascular risk factor in patients
with recent myocardial infarction. Int J Cardiol. (2013) 167:262-9.
doi: 10.1016/j.ijcard.2011.12.110

4. Navaneethan SD, Beddhu S. Associations of serum uric acid with
cardiovascular events and mortality in moderate chronic kidney disease.
Nephrol Dial Transplant. (2009) 24:1260-6. doi: 10.1093/ndt/gfn621

5. Sciacqua A, Perticone M, Tassone EJ, Cimellaro A, Miceli S, Maio R, et al. Uric
acid is an independent predictor of cardiovascular events in post-menopausal
women. Int ] Cardiol. (2015) 197:271-5. doi: 10.1016/j.ijcard.2015.06.069

6. Lennane GA, Rose BS, Isdale IC. Gout in the Maori. Ann Rheum Dis. (1960)
19:120-5. doi: 10.1136/ard.19.2.120

7. Chang JB, Chen YL, Hung Y], Hsieh CH, Lee CH, Pei D, et al. The
role of uric acid for predicting future metabolic syndrome and type
2 diabetes in older people. J Nutr Health Aging. (2017) 21:329-35.
doi: 10.1007/s12603-016-0749-3

8. Cheng D, Du R, Wu XY, Lin L, Peng K, Ma LN, et al. Serum uric acid is
associated with the predicted risk of prevalent cardiovascular disease in a

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Committee of Shanghai East Hospital.
The patients/participants provided their written informed
consent to participate in this study.

AUTHOR CONTRIBUTIONS

HE JL, and ZL contributed to the study conception, study
design, interpretation of the data, and critical revision of the
manuscript. QL contributed to the study conception, design, and
data analysis. JS contributed to the data analysis, interpretation
of the data, and drafting the manuscript. NB reviewed the
manuscript. LZ, HW, XZ, FL, QM, XX, and AY contributed to
the collection of the data. All authors read and approved the
final manuscript.

FUNDING

This work was supported by National Nature Science Foundation
of China (81670458, 81470393, and 81370434), Shanghai Three-
year plan on promoting TCM development (ZY(2018-2020)-
FWTX-2007), Key Discipline of the Health Industry Project of
Pudong Health Bureau of Shanghai (PWZxk2017-01), Three-
year plan of Pudong Health Bureau of Shanghai (PWYgf2018-
05), Three-year plan on TCM of Pudong Health Bureau
of Shanghai (PDZY-2018-0603), The National Key Research
and Development Program of China (2017YFA0105600), The
Science and Technology Commission of Shanghai Municipality
(17431906600),The Health Industry Project of Pudong Health
Bureau of Shanghai (no. PW2013E-1).

community-dwelling population without diabetes. Biomed Environ Sci. (2018)
31:106-14. doi: 10.3967/bes2018.013

9. Cicero AFG, Salvi P, D’Addato S, Rosticci M, Borghi C. Association
between serum uric acid, hypertension, vascular stiffness and subclinical
atherosclerosis: data from the Brisighella heart study. ] Hypertens. (2014)
32:57-64. doi: 10.1097/HJH.0b013e328365b916

10. Cui LE Shi HJ, Wu SL, Shu R, Liu N, Wang GY, et al. Association
of serum uric acid and risk of hypertension in adults: a prospective
study of Kailuan Corporation cohort. Clin Rheumatol. (2017) 36:1103-10.
doi: 10.1007/s10067-017-3548-2

11. Services, USDoHaH. Physical Activity Guidelines for Americans. (2018).

12. Arenillas JE, Moro MA, Dévalos A. The metabolic syndrome and stroke.
Stroke. (2007) 38:2196-203. doi: 10.1161/STROKEAHA.106.480004

13. Aho K, Harmsen P, Hatano S, Marquardsen J, Smirnov VE, Strasser T.
Cerebrovascular disease in the community: results of a WHO collaborative
study. Bull World Health Organ. (1980) 58:113-30.

14. National Kidney Foundation. K/DOQI clinical practice guidelines for chronic
kidney disease: evaluation, classification, and stratification. Am ] Kidney Dis.
(2002) 39(2 Suppl. 1):S1-266.

15. China Diabetes Society. Guideline of diabetes treatment. Chin Diabetes ].
(2018) 10:4-67.

16. Fang ], Alderman MH. Serum uric acid and cardiovascular mortalitythe
NHANES I epidemiologic follow-up study, 1971-1992. JAMA. (2000)
283:2404-10. doi: 10.1001/jama.283.18.2404

17. Niskanen LK, Laaksonen DE, Nyyssonen K, Alfthan G, Lakka HM, Lakka TA,
et al. Uric acid level as a risk factor for cardiovascular and all-cause mortality

Frontiers in Medicine | www.frontiersin.org

February 2020 | Volume 7 | Article 24


https://doi.org/10.1159/000342390
https://doi.org/10.1681/ASN.2014070660
https://doi.org/10.1016/j.ijcard.2011.12.110
https://doi.org/10.1093/ndt/gfn621
https://doi.org/10.1016/j.ijcard.2015.06.069
https://doi.org/10.1136/ard.19.2.120
https://doi.org/10.1007/s12603-016-0749-3
https://doi.org/10.3967/bes2018.013
https://doi.org/10.1097/HJH.0b013e328365b916
https://doi.org/10.1007/s10067-017-3548-2
https://doi.org/10.1161/STROKEAHA.106.480004
https://doi.org/10.1001/jama.283.18.2404
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Lanetal.

Uric Acid and Cardiometabolic Disease

18.

19.

20.

21.

22.

23.

in middle-aged men: a prospective cohort study. Arch Intern Med. (2004)
164:1546-51. doi: 10.1001/archinte.164.14.1546

Zuo T, Liu X, Jiang LD, Mao S, Yin X, Guo L. Hyperuricemia and coronary
heart disease mortality: a meta-analysis of prospective cohort studies. ] BMC
Cardiovasc Disord. (2016) 16:207. doi: 10.1186/s12872-016-0379-z

Li M, Hu X, Fan Y, Li K, Zhang X, Hou W, et al. Hyperuricemia and the risk
for coronary heart disease morbidity and mortality a systematic review and
dose-response meta-analysis. Sci Rep. (2016) 6:19520. doi: 10.1038/srep19520
Facchini E Chen Y-DI, Hollenbeck CB, Reaven GM. Relationship
between resistance to insulin-mediated glucose uptake, urinary uric acid
clearance, and plasma uric acid concentration. JAMA. (1991) 266:3008-11.
doi: 10.1001/jama.1991.03470210076036

Cappuccio FP, Strazzullo P, Siani A, Trevisan M. Increased proximal sodium
reabsorption is associated with increased cardiovascular risk in men. J
Hypertens. (1996) 14:909-14. doi: 10.1097/00004872-199607000-00015

Ziaee A, Esmailzadehha N, Ghorbani A, Asefzadeh S. Association between
uric acid and metabolic syndrome in gazvin metabolic diseases study
(QMDS), Iran. Glob ] Health Sci. (2012) 5:155-65. doi: 10.5539/gjhs.v5n1p155
Takase H, Kimura G, Dohi Y. Uric acid levels predict future blood pressure
and new onset hypertension in the general Japanese population. ] Hum
Hypertens. (2014) 28:529-34. doi: 10.1038/jhh.2013.143

24. Verdecchia
C, Brunetti
cardiovascular

P, Schillaci G, Reboldi G,
P. Relation between serum uric acid and risk of
disease in  essential hypertension. The PIUMA
(2000) 36:1072-8. doi: 10.1161/01.HYP.36.6.

Santeusanio F, Porcellati

study.  Hypertension.
1072

25. Mwasongwe SE, Filop T, Katz R, Musani SK, Sims M, Correa A, et al.
Relation of uric acid level to rapid kidney function decline and development of
kidney disease: the Jackson Heart Study. J Clin Hypertens. (2018) 20:775-83.
doi: 10.1111/jch.13239

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Lan, Wu, Zhou, Zheng, Lin, Meng, Xi, Yue, Buys, Sun, Liu, Li
and Fan. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original author(s) and the copyright owner(s)
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Medicine | www.frontiersin.org

February 2020 | Volume 7 | Article 24


https://doi.org/10.1001/archinte.164.14.1546
https://doi.org/10.1186/s12872-016-0379-z
https://doi.org/10.1038/srep19520
https://doi.org/10.1001/jama.1991.03470210076036
https://doi.org/10.1097/00004872-199607000-00015
https://doi.org/10.5539/gjhs.v5n1p155
https://doi.org/10.1038/jhh.2013.143
https://doi.org/10.1161/01.HYP.36.6.1072
https://doi.org/10.1111/jch.13239
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Predictive Value of Uric Acid Regarding Cardiometabolic Disease in a Community-Dwelling Older Population in Shanghai: A Cohort Study
	Introduction
	Methods
	Sample
	Demographic Characteristics
	Laboratory Measurements
	Definition of Disease and Diagnostic Criteria
	Statistical Analysis

	Results
	Incidence of Cardiometabolic Disease in Each Quartile
	Cox Regression Analysis for Cardiometabolic Disease

	Discussion
	Strengths and Limitations

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


