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ABSTRACT

Because many subjects with hyperuricemia have comorbidities, it can be
difficult to differentiate the role of hyperuricemia from that of other comorbidities of
coronary artery disease (CAD). Subjects aged = 65 years were enrolled in the study
and were available at enroliment and at 5-year follow-up. Subjects were excluded
if they were overweight or obese, hypertensive, diabetic, hyperlipidemic, had a pre-
existing cardiovascular disease, a history of gout or hyperuricemia on medications,
or chronic kidney disease as estimated by a glomerular filtration rate (eGFR) < 60
mL/min per 1.73 m2. We used Poisson regression to estimate the hazard ratio (HR)
for incident CAD events between hyperuricemic (> 7 mg/dL in men and = 6 mg/dL in
women) and normouricemic subjects. A total of 2,142 subjects without comorbidities
(mean age of 70.7 £ 5.9 years, 1,194 men) were followed for 57.4 + 8.9 months.
Hyperuricemia was associated with an increased cumulative incidence of incident
CAD events (15.0% versus 8.8%, P < 0.001). After adjusting for confounding factors,
hyperuricemia independently predicted the risk of incident CAD events (HR=1.71, 95%
CI 1.26-2.34). In conclusion, asymptomatic hyperuricemia is a valuable biomarker
for predicting the development of incident CAD events.

INTRODUCTION [8]. However, experimental studies have suggested that
SUA may have an independent modulatory or causal role
in these conditions [9-11]. Consistent with these findings,
an elevated SUA has been consistently found to predict the

Hyperuricemia is known to be associated with
cardiovascular disease (CVD), such as coronary artery

disease (CAD), stroke and hypertension [1], but the role
of serum uric acid (SUA) as an independent risk factor
for CVD remains unclear. Many epidemiologic studies
have shown that hyperuricemia is frequently noted in
patients either with CVD or at a high risk of CVD, such
as hypertension, CAD, stroke, heart failure, metabolic
syndrome, and peripheral vascular disease [2—7]. Most
investigators reasoned that SUA may become passively
elevated due to the effects of insulin resistance, renal
vasoconstriction, and reduced estimated glomerular filtration
rate (eGFR) to reduce uric acid excretion by the kidneys

development of CAD [1]. Unfortunately, because many
of the subjects with hyperuricemia have comorbidities, it
can be difficult to differentiate the role of SUA from the
coexistence of the other comorbid conditions. Although
multivariable analysis can be used to control for these
other conditions, multivariable analysis can be misleading
if the associated risk factors are causally linked [12]. The
limitations associated with multivariable analysis as a means
for determining causation are well known [8, 13, 14].

CAD is the leading cause of mortality in the elderly,
and more than 80% of the CAD mortalities occur in persons
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older than 65 years of age [15, 16]. The elderly are more
afflicted with chronic diseases or comorbidities, which may
interfere with CAD incidence. To date, there is a paucity
of studies on CAD incidence in elderly subjects without
comorbidities. Therefore, an alternative approach is to limit
a prospective study to elderly subjects with hyperuricemia
who do not have any other cardiovascular, metabolic, or
renal risk factors. We investigated whether asymptomatic
hyperuricemic elderly subjects without comorbidities have
an increased risk for incident CAD events.

RESULTS

Patient characteristics

There were 8,113 subjects aged > 65 years who
underwent annual medical examination at the Kangjian
Community Health Center of Shanghai in 2009 and 2011.
Of the 8,113 subjects, we excluded 5,971 subjects with
comorbidities at baseline: 1,743 with hypertension, 761
with pre-existing CVD, 1,460 with diabetes mellitus
(DM), 835 with chronic kidney disease (CKD), 2,920
with hyperlipidemia, 1,622 who were overweight/obese
and 361 subjects with hyperuricemia or gout who were on
medication (Figure 1). Thus, 2,142 patients were enrolled
in the study (mean age of 70.7 + 5.9 years, 1194 men) with
a mean follow-up of 57.4 + 8.9 months.

Baseline demographic and clinical characteristics
of the cohort are given in Table 1. Hyperuricemic
subjects showed mild but significant differences from
normouricemic subjects for systolic blood pressure (BP)

and estimated GFR, despite both groups having values
within the normal range. Compared with normouricemic
subjects, hyperuricemic subjects more frequently had
smoking and drinking habits, as well as presented
with higher hemoglobin, total protein, albumin, serum
creatinine, total-cholesterol, triglycerides, and low density
lipoprotein (LDL), but a lower high density lipoprotein
(HDL) and eGFR than total subjects. Similar differences
of baseline characteristics were also found between male
and female subjects, except for systolic BP.

Cumulative incidence of incident CAD between
2011 and 2016

During the follow-up, 407 (19.0%) deaths occurred,
including 218 (10.2%) CVD deaths and 63 (2.9%) loss of
follow-up cases in the study population. The number of
major CVD adverse events during each year are shown in
Table 2. Subject characteristics at the end of the study are
shown in Table 3. A total of 225 CAD events occurred in
this study population, of which 213 (9.9%) were incident
CAD events. We compared the cumulative incidence
of incident CAD events over 5 years for subjects with
hyperuricemia compared with those with normouricemia
(Figure 2). In the study population, hyperuricemic subjects
showed significantly higher cumulative incidence of
incident CAD than normouricemic subjects (15.0% versus
8.8%, hazard ratio [HR] = 1.83, 95% confidence index
[CI] 1.33-2.53, p < 0.001).

We also compared the cumulative incidences
for incident CAD events between hyperuricemia and

N=8113 subjects aged >65 years both 2009 and 2011

N=5971 excluded
N=1743 hypertension
N=761 pre-existing CVD
N=1460 diabetes mellitus
N=835 CKD(eGFR<60 mL/min per 1.73m 2)
N=2920 dyslipidemia
N=1622 overweigth/obesity(BMI >25 kg/mz)
N=361 medication for hyperuricemia and/or gout

N=2142 study subjects(age:70.7 +5.9 years)

l

| N=1136 male |
Normouricemia | Hyperuricemia
N=924 N=212
SUA<7.0 mg/dL | SUA>7.0 mg/dL

l

| N=1006 female |

Normouricemia
N=825
SUA<6.0 mg/dL

Hyperuricemia
N=181
SUA>6.0 mg/dL

Compared cumulative incidence of incident CAD events over 5 years between two groups
Compared hazards ratios for incident CAD events over 5 years by Cox regression analyses

Figure 1: Flow diagram of study enrollment. N = number of subjects; CVD = cardiovascular disease; CKD = chronic kidney
disease; eGFR = estimated glomerular filtration rate; BMI = body mass index; SUA = serum uric acid.
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Table 1: Baseline characteristics of the study subjects

Total Male sex Female sex
Normouricemia  Hyperuricemia Normouricemia  Hyperuricemia Normouricemia Hyperuricemia
(n=1749) (n=393) p-value (n=954) (n=1238) p-value (n="195) (n=155) p-value
Number of subjects 1749 393 971 223 778 170
Male sex 55.5% 56.7% 0.694
Age, years 70.746.0 70.7+5.7 0.924 71.0£6.0 70558 0331 703 +6.0 709457 0.222
BMI, kg/m? 25416 23416 0.129 24416 23417 0.670 25416 23416 0.066
Systolic BP, mmHg 120.5+10.8 121.849.0 0.032 120.2+10.9 1215489 0.095 1209+ 10.8 122.149.2 0.174
Diastolic BP, mmHg 736475 73.9£7.2 0.524 733£7.6 74272 0.141 740+7.4 735+7.1 0.473
Pulse rate, bpm 73.1+10.8 73.949.6 0.169 734+11.0 73.6+8.9 0817 72.8+10.7 7444104 0.070
Current smoking 27.4% 59.8% <0.001 55.4% 61.4% <0.001 13.9% 25.9% <0.001
Drinking habits 36.7% 68.2% <0.001 60.7% 70.4% <0.001 14.9% 28.2% <0.001
Hemoglobin (g/dL) 134413 143412 <0.001 135£13 143212 <0.001 133212 142£12 <0.001
Total protein, g/dL 72405 74406 <0.001 72205 73206 <0.001 7.1£0.5 74£0.6 <0.001
Albumin, g/dL 43404 44404 <0.001 43404 44+04 0.092 43404 45404 <0.001
Serum creatinine, mg/dL 0.8+0.1 0.9+0.1 <0.001 0.8=0.1 09=0.1 <0.001 0.7=0.1 0.8=0.1 <0.001
¢GFR, ml/min per 1.73m? 86.1+14.7 8144125 <0.001 859137 811123 <0.001 86.5+13.9 82.8+12.6 <0.001
SUA, mg/dL 50409 86+ 1.6 <0.001 51409 86=18 <0.001 48408 86+13 <0.001
Triglycerides (mmol/L) 15409 18+ 1.0 <0.001 1.6£0.9 1810 <0.001 15208 1712 <0.001
Total-cholesterol (mmol/L) 51411 53412 <0.001 s1=11 53=1.1 0018 51+1.0 53+ 14 <0.001
LDL (mmol/L) 33409 35409 <0.001 32409 35409 <0.001 33+08 35+1.0 <0.001
HDL (mmol/L) 17405 15404 <0.001 17205 14204 <0.001 17205 15204 <0.001
BMI = body mass index; BP = blood pressure; eGFR = estimated glomerular filtration rate; SUA = serum uric acid; LDL = low density lipoprotein; HDL = high density lipoprotein.
normouricemia by sex. In men, hyperuricemic subjects significantly higher cumulative incidence of incident
showed significantly higher cumulative incidence of CAD events compared with normouricemic subjects
incident CAD events than normouricemic subjects (15.1% (14.8% versus 7.7%, HR = 2.09, 95% CI 1.25-2.51, p =
versus 9.7%, HR = 1.65, 95% CI 1.29-2.49, p = 0.006; 0.025; Figure 2). In the study population, there were no
Figure 2). In women, hyperuricemic subjects showed sex differences in the cumulative CAD incidence (HR =

N _ . 06<0.001
ormouricemia __q ygg

20 [ Hyperuricemia $=0.025
18- S g

Cumulative Incident CAD Incidence (%)

Figure 2: The S-year cumulative incidence of incident CAD events between hyperuricemia and normouricemia.
Hyperuricemia had higher 5-year cumulative incidence of incident CAD events compared to normouricemia in total population (p < 0.001),
male (p = 0.006) and (p = 0.025) female subjects. CAD = coronary artery disease.
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Table 2: Numbers of major CVD events during the follow-up
Total Male sex Female sex
Normouricemia Hyperuricemia Normouricemia  Hyperuricemia Normouricemia Hyperuricemia
(n=1749) (n=393) (n=954) (n =238) (n=1795) (n=155)

At 1-year

CAD 15 5 10 3 5 2
Congestive heart failure 4 2 2 1 2 1
Stroke 6 2 3 1 3 1
giesreizil:ral vascular 0 1 0 0 0 1

At 2-year

CAD 25 8 16 5 9 3
Congestive heart failure 6 3 3 2 3 1
Stroke 11 2 6 1 5 1
ziesreiz)g:ral vascular 5 5 1 1 1 1

At 3-year

CAD 31 13 18 8 13 5
Congestive heart failure 15 5 9 3 6 2
Stroke 13 6 8 4 5 2
giesrei};::ral vascular 3 3 5 5 3 1

At 4-year

CAD 39 16 22 9 17

Congestive heart failure 16 6 10 4 6 2
Stroke 18 9 11 6 7 3
giesrégil:ral vascular 1 5 7 4 4 1

At 5-year

CAD 44 17 26 11 18 7
Congestive heart failure 21 7 13 5 8 2
Stroke 23 13 13 8 10 5
g;asreigiljral vascular 12 6 7 4 5 2
Cumulative Numbers of major CVD events over 5 years

CAD 154 (8.8%) 59 (15.0%) 92 (9.7 %) 36 (15.1%) 62 (7.8%) 23 (14.8%)
Congestive heart failure 62 (3.6%) 23 (5.9%) 37 (3.9%) 15 (6.1%) 25 (3.2%) 8 (5.2%)
Stroke 73 (4.2%) 32 (8.1%) 41 (4.3%) 20 (8.2%) 30 (3.8%) 12 (7.7%)
gi"sreizg:ral vascular 33 (1.9%) 17 (4.6%) 20 (2.1%) 11 (4.6%) 13 (1.6%) 6 (3.7%)

CAD = coronary artery disease; CVD = cardiovascular disease.

0.90, 95% CI 0.80-1.06,p=0.128). In the hyperuricemia
and normouricemia subjects, there were also no sex
differences in the cumulative CAD incidence, respectively
(HR =0.98, 95% CI 0.95-1.02, p = 0.938, and HR = 0.97,
95% C10.95-1.02, p = 0.127).

Association of hyperuricemia and incident CAD
events using multivariable adjustments

In the study population, in crude analysis,
hyperuricemia became an independent risk factor for

incident CAD events (HR = 1.82; 95% CI, 1.36-2.46,
Table 4). After adjustment included baseline eGFR,
hyperuricemia remained an independent risk factor for
incident CAD events (HR = 1.71, 95% CI 1.26-2.34; total,
Model 3; Table 4). When analysis was restricted to men,
hyperuricemia remained an independent risk factor for
incident CAD events (HR=1.81; 95% CI, 1.23-2.77; male
sex, Model 3; Table 4). When analysis was restricted to
women, hyperuricemia became an independent risk factor
for incident CAD events (HR = 1.42; 95% CI, 1.10-1.99;
female sex, Model 3; Table 4). In addition, hyperuricemia
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showed an independent risk factor for incident CAD
events after adjusting for confounding factors at the
ending of the study (HR=1.73, 95%CI 1.27-2.31; total,
Model 3; Table 5).

Cumulative incident CAD event risk between
hyperuricemic and normouricemic subjects

Compared  with  normouricemic  subjects,
hyperuricemic subjects were at increased risk of incident
CAD events based on Kaplan-Meier curves (Figure 3). In
crude analysis of incident CAD event risk, the cumulative
risk was significantly higher in the hyperuricemic subjects
(HR = 2.05, 95% CI 1.44-2.92). Male hyperuricemic
subjects had a higher risk of cumulative incident CAD
events than male normouricemic subjects (HR = 1.75,
95% CI 1.13-2.72). In addition, female hyperuricemic
subjects also had a higher risk of cumulative incident CAD
events than female normouricemic subjects (HR = 2.53,
95% CI 1.40-4.59).

g
g 2090 — Hyperuricemia Total
N — Normouricemia
E 154 HR=2.05 95%CI 1.44-2.92
<
3 p<0.001
€ 10-
[
S
(%)
£ 5
[
2
‘_; c ] T T T 1
g 0 12 24 36 48 60
(] Follow Time (Months)
Number at risk
Hyperuricemia 393 390 371 351 338 167
Normouricemia 1749 1747 1711 1680 1639 797
:
T 2014 — Hyperuricemia Female sex
ﬁ — Normouricemia
T 51 HR=2.5395%Cl 1.40-4.59
o P=0.002
o
E 104
[
=]
o
£ 54
()
=
E 0
> Y T T T T 1
E 0 12 24 36 48 60
3 Follow Time (Months)
Number at risk
Hyperuricemia 155 154 147 139 133 66
Normouricemia 795 795 784 773 758 367

Subgroup analysis of 5-year cumulative
incidences of incident CAD events

We calculated cumulative incidences of incident
CAD events over 5 years for each baseline SUA level:
<3.0,3.1t04.0,4.1t05.0,5.1to 6.0, 6.1 to 7.0, 7.1 to
8.0 and > 8.1 mg/dL. In the study population, the 5-year
cumulative incidences of incident CAD events were 3.6%,
6.7%, 7.8%, 10.3%, 11.5%, 17.4% and 20.5% (Figure
4). In addition, we calculated cumulative incidences of
incident CAD events over 5 years by sex for each SUA
level. The 5-year cumulative incidences of incident CAD
events were 1.9%, 5.6%, 7.1%, 10.7%, 11.5%, 18.0%
and 21.4% in men and 4.9%, 8.3%, 8.4%, 10.0%, 11.6%,
16.7% and 20.0% in women. The results showed that
higher baseline SUA had a higher 5-year cumulative
incidence of incident CAD events in both men and women.
In addition, we found similar cumulative incidences of
incident CAD events over 5 years for each SUA level at
the ending of study (Figure 5).

— Hyperuricemia
— Normouricemia
HR=1.75 95%CI 1.13-2.72
p=0.012

Male sex

Cumulative Incident CAD Hazard (%)

10
5_
c T T T T 1
0 12 24 36 48 60
Follow Time (Months)
Number at risk
Hyperuricemia 238 236 224 212 205 101
Normouricemia 954 952 927 907 881 430

Figure 3: Cumulative incident CAD risk between hyperuricemia and normouricemia. Hyperuricemia had higher cumulative
incident CAD events risk compared to normouricemia in the study population (p <0.001), male (p = 0.012) and female (p = 0.002) subjects.
CAD = coronary artery disease; HR = hazards ratio; CI = confidence index.

www.impactjournals.com/oncotarget

80692

Oncotarget



Table 3: Subject characteristics at the end of study

Total Male sex Female sex

Normouricemia ~ Hyperuricemia  p-value  Normouricemia  Hyperuricemia  p-value Normouricemia Hyperuricemia p-value
Age, years 73.7+6.1 735+5.8 0.637 73.9+6.1 73.6+59 0.256 73.5+6.0 732+5.8 0.209
BMI, kg/m* 22.1+15 222+1.6 0.324 22315 226+1.6 0.431 22015 22.1+15 0.143
Systolic BP, mmHg 1224 +11.1 123.7+9.8 0.029 122.7+11.0 123.8+9.1 0.137 122.1+10.7 122.9+10.3 0.168
Diastolic BP, mmHg 75.8+7.4 75.7+7.3 0.631 759+75 76.0 7.4 0.346 751475 75.6+72 0.516
Pulse rate, bpm 74.5+10.2 74.8+9.8 0.241 74.8+10.8 75.0+9.7 0.673 74.5+10.0 743 +10.4 0.238
Current smoking 27.7% 60.3% <0.001 55.9% 61.8% <0.001 14.3% 26.1% <0.001
Drinking habits 36.9% 68.6% <0.001 60.9% 70.7% <0.001 15.2% 28.7% <0.001
Hemoglobin (g/dL) 129+1.2 13.8+1.1 <0.001 13.1+12 139+12 <0.001 127+1.1 13.6+1.2 <0.001
Total protein, g/dL 7.1+£05 7.3+£0.5 <0.001 72405 74+0.6 <0.001 7.0+£0.5 72+0.6 <0.001
Albumin, g/dL 42+04 43+04 <0.001 42+04 43+04 0.092 42+04 43+04 <0.001
Serum creatinine, mg/dL 09+0.1 1.0£0.1 <0.001 09=+0.1 1.0£0.1 <0.001 0.8=0.1 0.9+0.1 <0.001
eGFR, ml/min per 1.73m’ 81.1+123 76.4+11.9 <0.001 823+11.7 793+11.8 <0.001 785+ 11.7 753+11.2 <0.001
SUA, mg/dL 53+15 9.1+1.7 <0.001 54+12 92+18 <0.001 52=1.1 88+ 1.7 <0.001
Triglycerides(mmol/L) 1.7+1.0 20+1.0 <0.001 1.8+0.9 21£1.0 <0.001 1.6=£0.9 19+1.1 <0.001
Total-cholesterol(mmol/L) 53+12 54+12 <0.001 54+12 55+1.2 0.010 52+1.0 53+1.2 <0.001
LDL(mmol/L) 34+1.0 3.6+1.0 <0.001 34+1.0 3.6+09 <0.001 34+09 35+1.0 <0.001
HDL(mmol/L) 1.6+0.6 1.4+05 <0.001 1505 1.3£05 <0.001 1.7£0.5 1.5+£05 <0.001

BMI = body mass index; BP = blood pressure; eGFR = estimated glomerular filtration rate; SUA = serum uric acid; LDL = low density lipoprotein; HDL = high density lipoprotein.

Table 4: Baseline serum uric acid and hyperuricemia as a risk for incident CAD events in the
subjects
Crude Model 1 Model 2 Model 3
HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value
Total = 2142
Hyperuricemia 1.82 136246 <0.001 1.85 138250  <0.001 1.84 137-250  <0.001 171 126234 0.001
EE‘ SUA Img/ 1.18 111-1.25  <0.001 1.17 1.10-124  <0.001 1.15 1.10-125  0.001 1.12 1.04-121  0.001
Male sex = 1194
Hyperuricemia 178 121-2.62  0.003 1.84 125270 0.002 1.83 124270 0.023 1.79 126278 0.024
gﬁr SUA Img/ 118 1.10-1.27  <0.001 .15 1.08-1.29  <0.001 1.10 1.05-1.31  <0.001 1.07 1.02-1.20  0.046
Female sex = 948
Hyperuricemia 1.87 1.16-3.02  0.011 1.85 137-250  <0.001 1.84 136249 <0.001 1.41 1.10-1.98  0.009
Per SUA Img/ 1.16 1.10-129  <0.001 1.15 1.08-138  <0.001 113 1.07-139  0.001 L1 1.06-1.40  0.003

dL

SUA indicated baseline serum uric acid level.
Model 1: Data adjusted for baseline age, sex, smoking and drinking habits.

Model 2: Data adjusted for baseline age, sex, smoking and drinking habits, baseline BMI, baseline systolic BP and diastolic BP.
Model 3: Data adjusted for baseline age, sex, smoking and drinking habits, baseline BMI, baseline systolic BP and diastolic BP, and baseline eGFR, total-cholesterol, triglycerides,

LDL and HDL.

CAD = coronary artery disease; BMI = body mass index; BP = blood pressure; eGFR=estimated glomerular filtration rate; SUA = serum uric acid; LDL = low density lipoprotein;

HDL= high density lipoprotein; HR = hazards ratio; C I= confidence interval.
DISCUSSION

Our primary finding was that asymptomatic
hyperuricemic subjects without comorbidities had a
significant increased (1.82-fold) risk for developing
incident CAD events. This study documents that the
presence of hyperuricemia is an important biomarker
for incident CAD events, but this study does not

evaluate whether hyperuricemia has a causal role in the
development of this condition.

SUA, the end product of purine metabolism via
an enzymatic reaction involving xanthine oxidase,
has also been correlated with CAD by several studies
[17-19]. However, because of controversial epidemiologic
findings and a lack of consistent evidence, it remains
unknown whether SUA is an independent and causal risk
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factor for CAD [7, 20-23]. Several observational studies
demonstrated that elevated SUA has a predictive value for
CAD risk and that hyperuricemia may be an important
causal factor for CAD mortality [20, 24-26]. However,
other studies contradict this [19, 22, 27-29]. Many
factors may contribute to the conflicting conclusions.
Known risk factors, such as age, sex, hypertension, DM,
overweight/obesity, CKD and other potential confounding
factors, under- or over-estimate the association between
hyperuricemia and the risk of related CVD disease.
Few studies have used this approach, and most take all
subjects with hyperuricemia, of which the majority
already carry cardiometabolic comorbidities [30]. Thus,
an alternative approach to studying the relationship
between hyperuricemia and CAD events is to limit the
study population to only subjects with hyperuricemia who
do not have other cardiovascular, metabolic or renal risk
factors. The importance of our study is that we evaluate

subjects with asymptomatic hyperuricemia who lack
cardiac and metabolic risk factors to determine if they are
still at risk for CVD diseases. Multivariable analysis was
also conducted to determine whether the increased risk
of asymptomatic hyperuricemia for incident CAD events
was independent of age, sex, and smoking and drinking
habits (Model 1), or with the addition of baseline body
mass index (BMI), systolic baseline BP and diastolic
BP (Model 2), or with the addition of baseline eGFR
(Model 3). In these models, the presence of hyperuricemia
became an independent risk factor for incident CAD
events in elderly subjects without comorbidities.

The association between SUA and cardiovascular
events in the general population is reported to be stronger
in women than in men [31]. Freedman et al. demonstrated
a stronger association between increased SUA levels and
cardiovascular mortality among healthy women than in
healthy men [20]. In the present study, there was no sex
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Figure 4: Subgroup analysis of S-year cumulative incidence of incident CAD events in each serum uric acid level. CAD

= coronary artery disease.
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Table 5: Serum uric acid* and hyperuricemia as a risk for incident CAD events in the subjects

Crude Model 1 Model 2 Model 3

HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value
Total = 2142
Hyperuricemia 1.84 1.41-2.49  <0.001 1.81 140242  <0.001 1.77 1.39-2.49  <0.001 1.73 1.27-2.31 0.001
Per SUA 1mg/dL 1.19 1.12-1.26  <0.001 1.16 1.10-1.23  <0.001 1.13 1.11-1.24 0.001 1.11 1.05-1.20 0.001
Male sex = 1194
Hyperuricemia 1.81 1.31-2.61  <0.001 1.79 1.33-2.59  <0.001 1.75 1.30-2.4 <0.001 1.68 1.13-1.89 0.010
Per SUA 1mg/dL 1.20 1.10-1.26  <0.001 1.18 1.09-1.25  <0.001 1.15 1.06-1.29  <0.001 1.12 1.03-1.24 0.038
Female sex = 948
Hyperuricemia 1.86 1.25-2.60 0.001 1.84 1.26-2.65 0.002 1.80 1.26-2.66 0.019 1.75 1.24-2.67 0.019
Per SUA 1mg/dL 1.15 1.10-1.27  <0.001 1.14 1.10-1.28  <0.001 1.12 1.08-1.29  <0.001 1.10 1.05-1.30 0.001

*SUA indicated serum uric acid level of ending of study.
Model 1: Data adjusted for age, sex, smoking and drinking habits at the end of study.

Model 2: Data adjusted for baseline age, sex, smoking and drinking habits, baseline BMI, baseline systolic BP and diastolic BP at the end of study.
Model 3: Data adjusted for baseline age, sex, smoking and drinking habits, baseline BMI, baseline systolic BP and diastolic BP, and baseline eGFR, total-cholesterol, triglycerides,

LDL and HDL at the end of study.

CAD = coronary artery disease; BMI = body mass index; BP = blood pressure; eGFR = estimated glomerular filtration rate; SUA = serum uric acid; LDL = low density lipoprotein;

HDL = high density lipoprotein; HR = hazards ratio; CI = confidence interval.

difference in the cumulative CAD incidence. The changing
association between elderly men and postmenopausal
women suggests that there may be an interaction with sex
hormones [31].

Previous studies showed that hyperuricemia had a
pathogenic role and predictive value in the development
of hypertension [9, 32-35]. This finding suggests that
a causal link to the development of hypertension is a
plausible explanation for the possible increased CAD risk
in patients with hyperuricemia [2]. Secondly, the presence
of hyperuricemia may contribute to lipid peroxidation
and promote the oxidation of low-density lipoprotein
cholesterol, which may play a role in the development
of atherosclerosis and would also explain its association
with CAD events [36—38]. Of note, human atherosclerosis
plaques contain more uric acid than normal artery walls,
which suggests that SUA may have a direct role in the
atherosclerosis process [39]. Thirdly, hyperuricemia
may induce endothelial dysfunction, which is predicted
to promote the early development of atherosclerosis and
precede plaque formation [40]. The deposition of urate
crystals on the vessel wall could cause an inflammatory
reaction to then directly injure the vascular intima,
ultimately activating the platelet and blood coagulation
system. Lastly, hyperuricemia also promotes thrombosis
and activates monocyte chemotactic protein-1, an
important chemokine in atherosclerosis [2, 41, 42].

The strength of our study is that we began by
separating a subset of subjects who were normotensive,
without DM, hyperlipidemia, reduced eGFR, or
overweight/obese. Despite removing these comorbidities,
hyperuricemia remained a risk factor for incident CAD
events in crude analyses. While this is likely true for
elderly populations, the application of these findings to
younger populations is a limitation. Other limitations to

our study includes possible selection bias, as all eligible
subjects were enrolled from one city. Our study was also
limited in that, from 2009 to 2011, we failed to exclude
subjects whose eGFR was 60 to 75 mL/min per 1.73 m2,
which qualifies as abnormal renal function but not defined
as CKD. Failure to exclude these subjects may interfere
with analyzing the association between SUA and incident
CAD events.

Furthermore, according to the 2013 ESC Guidelines
on Stable Angina Pectoris [43], a screening test in
asymptomatic individuals without clinical suspicion of
coronary artery disease is not recommended. In addition,
in a large community-based study of patients with
diabetes and no serious diabetes-related complications
or hypertension, only 6% of these patients were found to
have perfusion defects on exercise thallium scintigraphy,
suggesting that the true prevalence of flow-limiting CAD
was very low indeed [44]. In our study, all subjects had
no comorbidities, which suggested that the prevalence of
CAD in these patients may be lower than that in diabetics.
Nonetheless, those patients with asymptomatic, but in
fact severe CAD, may interfere with the conclusions
of the study. Moreover, our analysis only used baseline
data, which did not cover the change in SUA levels
during the observation period. Lastly, our study may lack
generalization to other ethnic populations, as all patients
were recruited from China.

The importance of this study is that it shows that
the presence of hyperuricemia in elderly adults without
comorbidities carries a 2-fold risk for developing incident
CAD events within 5 years. Asymptomatic hyperuricemia
is a valuable biomarker for predicting the development
of incident CAD events. Further prospective research is
needed to evaluate whether strategies to reduce SUA over
time can prevent this condition.
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MATERIALS AND METHODS

Study design and study subjects

This study was a large-scale, longitudinal cohort
study. The study population was an apparently healthy
population because they came to Kangjian Community
Health Center to have annual regular health check-up
by themselves and also provided a general history for
comorbidities. No patients were involved in determining
the research objectives or outcome measures, nor were
they involved in the design and implementation of
the study. This study was conducted according to the
principles expressed in the Declaration of Helsinki.
The Ethics Committees of Kangjian Community Health
Center approved the protocol of this study and waived the
need for written informed consent because the data were
analyzed anonymously for this observational study.

Subjects (age > 65 years) were enrolled between
January 1, 2009 and December 31, 2011. We excluded
subjects with hypertension, DM, pre-existing CVD,
hyperlipidemia, CKD whose eGFR was < 60 mL/
min per 1.73 m? overweight or obesity whose BMI
was > 25 kg/m?, and hyperuricemia or gout who had
medication, irrespective of situation of their drugs used.
Baseline demographic and clinical data were collected
at the initiation of this study. We used the baseline SUA
measurement as the study entry date. The eligible subjects
visited the center once every 12 months and were followed
until death, loss of follow-up or for 5 years from the
initiation of this study. Indications for uric acid-lowering
drugs were determined by each patient’s physician during
the observation period.

Primary outcome and definitions

The primary outcome of interest was incident
CAD events, which included the following: recognized
myocardial infarction (MI) and coronary insufficiency
(prolonged ischemic chest discomfort associated with
transient repolarization abnormality, without criteria for
myocardial infarction). Events that were more equivocal,
such as unrecognized myocardial infarction and angina
pectoris, were not included as CAD events for this
analysis. If the patients developed CAD events in any
hospital, hospital and physician records were referred to
for the diagnosis of CAD events. If CAD events occurred
outside a hospital, experts would obtain a consensus
about the diagnosis of CAD events after a comprehensive
consideration of the history, recent situations, signs, and
symptoms before and after CAD events from the patient’s
medical records in our center and descriptions provided by
family members.

Hyperuricemia was defined as > 7.0 mg/dL of
SUA in men and > 6.0 mg/dL in women as the standard
definition for most studies. BP readings were obtained

using an automatic brachial sphygmomanometer
(OMRON  Corporation, Kyoto, Japan). Two BP
examinations were taken after the participant had been
seated and resting quietly for > 5 minutes with feet on
the ground and back supported. The mean systolic and
diastolic BP of each of the participants were calculated
from the recorded measurements [12]. BMI was calculated
as the weight in kilograms divided by the square of the
height in meters. Hypertension was defined as a systolic
BP > 140 mmHg or a diastolic BP > 90 mmHg. Patients
currently using antihypertensive medications were
also classified as positive for hypertension. Patients
who reported current use of oral hypoglycemic agents
or insulin or who had a clinical diagnosis of diabetes
were considered to have diabetes [45]. We defined pre-
existing CVD as history of CAD, congestive heart failure
(including chronic heart failure long-term use of diuretics),
stroke, or peripheral vascular disease. Hyperlipidemia
was defined by serum concentrations of cholesterol > 5.7
mmol/L, low density lipoprotein levels > 3.6 mmol/L,
or as patients who were currently undergoing treatment
with lipid-lowering agents [46]. Individuals who reported
smoking of at least one cigarette per day during the year
before examination were classified as smoking. Drinking
habits were defined as those who consumed more than 20g
ethanol per day.

Biochemical  parameters, including SUA,
hemoglobin, total protein, serum albumin, serum
creatinine, total-cholesterol, triglycerides, LDL and
HDL were collected every 12 months after this study
was initiated. The eGFR levels were calculated by the
simplified Modification of Diet in Renal Disease equation
[47]. CKD was defined as having an eGFR of < 60 ml/min
per 1.73 m?.

Statistical analysis

We divided the eligible subjects into hyperuricemia
and normouricemia using baseline SUA level. Data are
expressed as mean + standard derivation or as percent
frequency, unless otherwise specified. Comparisons
between 2 groups were performed with t tests for normally
distributed variables and y* analyses for categorical
data. We used Poisson regression to directly estimate
hazards ratio (HR) for incident CAD events between
hyperuricemic and normouricemic subjects [48]. Survival
was calculated using the Kaplan-Meier method and
differences between distributions of survival were assessed
by log-rank test. We analyzed the HR of risk for incident
CAD events by multivariable Cox regression models. We
compared cumulative incidences of incident CAD events
over 5 years between hyperuricemia and normouricemia
and calculated HR for incident CAD events by crude
analysis and after adjustments for age, sex, smoking and
drinking habits (Model 1), with the addition of baseline
BMLI, systolic and diastolic BP (Model 2), and with the
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addition of eGFR, total-cholesterol, triglycerides, LDL and
HDL (Model 3). Furthermore, we calculated cumulative
incidences of incident CAD events over 5 years for
various levels of SUA, including < 3.0, 3.1 to 4.0, 4.1 to
5.0,5.1t06.0,6.1t07.0,7.1 to 8.0, and > 8.1 mg/dL. In
addition, because the distribution of SUA differed between
men and women, multivariable regression analyses were
also stratified by sex. The statistically significant level
was set a=0.05, and all statistical analyses were 2-sided.
All statistical analyses were performed with the SPSS
statistics software (IBM SPSS Statistics version 22 for
Windows; IBM, New York).

Abbreviations

BMI: body mass index; BP: blood pressure; CAD:
coronary artery disease; Cl: confidence index; CKD:
chronic kidney disease; CVD: cardiovascular disease;
DM: diabetes mellitus; eGFR: estimated glomerular
filtration rate; HDL: high density lipoprotein; HR: hazard
ratio; LDL: low density lipoprotein; SUA: serum uric acid.
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