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Multiple risk factors are there to develop coronary artery
disease (CAD) one of which is a high level of uric acid.
Various studies have evaluated the effect of serum uric acid
on coronary artery disease, overall results, however, remain
controversial. We aimed to investigate the association
between serum levels of uric acid and the severity of
coronary artery disease in patients with stable angina. The
analytical epidemiological study was conducted on 274
patients with stable coronary artery disease based on
angiographic indications. The data on the presence and
severity of coronary atherosclerosis were collected using a
customized questionnaire and Gensini score (GS) and
organized into statistical package SPSS for further analyses.
The GS score increased with age, hyperlipidemia, diabetes,
and glomerular f iltration rate (GFR<90). GS in men with
hyperuricemia was statistically higher than the women and
was more than those without hyperuricemia.
Hyperuricemia was higher in males than in females and it
revealed an inverse relation with age in the males. After
three months, the serum levels of uric acid in the losartan
treated patients signif icantly reduced, whereas the beta-
blocker treated patients showed increased serum levels.
Our f indings showed increased serum levels of uric acid
developed the severity of coronary artery disease and this
relationshipwassignif icantonly in men.

Abstract

Introduction:
Coronary heart disease (CAD) is characterized by reduced
blood flow to the heart muscle due to the buildup of plaque
in the arteries of the heart that causes to lose the smooth,
elastic lining inside the coronary artery. The artery's lining
becomes hardened and stiffened which leads to developing
atherosclerosis (Mendis & Puska, 2011). CAD is one of the
most common cardiovascular diseases and the leading
cause of death in the world. As per a report CAD is the main
causeof about 600,000 deaths in the United Stateseachyear
(Kochanek ., 2009).

Serum uric acid (SUA) is the f inal product of purine
nucleotide metabolism which is degraded toadenosine and
guanine (Feig et al., 2008). Through various mechanisms,
uric acid reduces nitric oxide in endothelial cells. Nitric
oxide plays an important role in regulating the tone and
structure of vessels. Consequently, a high concentration of
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uric acid results in decreasing levels of intracellular nitric
oxide and dysfunction of endothelial cells (Pape�íková

, 2013; Xuan ., 2012, 2015). Also, uric acid causes to
replicate vascular smooth muscle cell (VSMC), produce
angiotensin II, and oxidative stress via renin-angiotensin
system (RAS). This suggests that uric acid stimulates RAS
causing cardiovascular disorders which can be triggered by
mitogen-activated protein pathway (MAP)(Corry .,
2008). Althoughearlierreports indicated that high levelsof
uric acid are accompanied by the risk of coronary artery
disease, there is still controversy regarding the connection
of uricacid tootherrisk factors of the physiological system.
On the other hand, most of the studies indicated the role of
uric acid as an inflammatory factor in coronary artery
disease in acute coronary syndrome, but its role in patients
with chronic angina is not very clear (Alderman & Aiyer,
2004; Baker ., 2005; Goodarzynejad , 2010; Jelic-
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Ivanovic ., 2007). This study is to evaluate the
association between hyperuricemia and severity of CAD
considering other traditional risk factors through GS in
patients with stable angina for preventing and treating this
disease.

this analytical
epidemiology study was performed on 274 patients with
stable ischemic heart disease based on angiographic
indicationswhoreferred totheangiographydepartmentsof
Golestan and Imam Khomeini Hospitals, Ahvaz, Iran
during 2017. The researchers of the study clearly explained
the aims, objectives, benef its and potential adverse effects
of participating to the study to all subjects after the
enrolment and prior to initiate the experimental
procedures and all patients signed a written consent form
for participation in the study. The experimental procedures
including interventions, interviews, and data collections
were performed in the angiography departments of
Golestan Hospital and Imam Khomeini Hospital, Ahvaz,
Iran, the year 2017. The inclusion criterion was age greater
than 18 years old with conf irming ischemic heart disease.
The exclusion criteria were incomplete medical records,
history of heart failure and inflammatory diseases such as
collagen and vascular diseases, acute and chronic infectious
diseases, historyof previouscoronarystenting and coronary
artery bypass graft (CABG), normal coronary angiography,
alcohol consumption, use of vitamin supplements
including vitamin C, niacin, and folate, history of
autoimmune,neoplastic ,and chronic liver disease, severe
renal dysfunction (GFR<30), acute myocardial infarction,
and acutecoronarysyndrome.

A custom-designed questionnaire was used to collect
clinical and demographic data of the patients. The data
included age, sex, family history of heart disease (in f irst-
degree relatives, women<65 and men <55years of age),
hypertension (systolic blood pressure=140 mm Hg and/or
diastolic blood pressure =90mm Hg), dyslipidemia
(increase in triglyceride, LDL cholesterol, and decrease in
HDL), diabetes mellitus (fasting blood glucose= 126
mg/dl), GFR, taking drugs (losartan, beta-blocker), and
smoking habits and were collected by one researcher
through interview with patients and from their medical
records. Then, the presence and severity of atherosclerosis
were determined using the GS inventory. The scores were
calculated based on the type of vessel, involved site, and the
percentage of coronary artery stenosis. Uric acid was
measured by the enzymatic method in which uricase
enzyme decomposes uric acid into allantoin and
oxygenated water. The optical absorption of water soluble
compound decreases at a wavelength of 290 nm. The
reduction of optical absorption depends on the amount of
uricacid in thesample.
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Study design and participants:

Methodology:

Statistical analysis: the data were analyzed with the
statistical package (IBM SPSS Statistics Version 22). For the
quantitative variables, the mean and median were used to
describe the data center and standard deviation and
interquartile range was applied to describe the data
dispersion. Frequency and percentage were employed to
describe the data in qualitative variables. The main tests for
the assessment of normality were Kolmogorov-Smirnov (K-
S) and Q-Q diagrams. The square root transformation was
applied to normalize GS variable. Independent t-test,
analysis of variance (ANOVA), and Pearson correlation
tests were used for univariate analysis. Backward
elimination approach for multiple linear regression was
employed formulti-variableanalysis. The 0.05 wassetas the
statistical signif icance forall analyses.

Out of the 274 patients, 176 (64.2%) were male and 98
(35.8%) female. The mean age was 59.45±11.95. The
demographic information along with the clinical
parametersof thestudyarepresented in theTable-1.

The correlation coeff icients of age and uric acid with
GS score are respectively0.115(P = 0.012) and
0.286(P<0.001), which are statistically signif icant. It
indicates, GS increaseswithage and serum uricacid. The GS
score hasastatisticallysignif icantrelationshipwithgender,
diabetes mellitus, hypertension, LDL, GFR<90,
triglycerides, cholesterol, hyperlipidemia, and
hyperuricemia. The associations between other
biochemical parametersand GSareshown inTable-2.

In the backward elimination approach, the variables
that were associated with GS remained. Through
controlling other variables, GS increased with age, diabetes

Male 176(64.2) 90 198(72.3)
Female 98(35.8) 90 76(27.7)

59.45±11.95 Normal 170(62)
(Mean±SD) High 104(38)

No 166(60.6) 123(44.9)
Yes 108(39.4) 151(55.1)

Normal 144(52.6) No 197(71.9)
High 130(47.4) Yes 77(28.1)

No 29(10.6) - No 210(76.6)
Yes 245(89.4) - Yes 64(23.4)

Normal 62(22.6) No 180(65.7)
(mg/dl) Low 212(77.4) Yes 94(34.3)

Normal 168(61.3) - No 98(35.8)
(mg/dl) High 106(38.7) - Yes 176(64.2)

Normal 202(73.7) - High 72(26.3)
(mg/dl) (mg/dl)

Results:

Table-1: Characteristics of the study population. Data are
presented as mean ± SD

Variables N (%) Variables N(%)

Sex GFR
GFR<

Age (years) TC*(mg/dl)-
TC*(mg/dl)-

Diabetes Hyperlipidemia-No
mellitus Hyperlipidemia- Yes

Blood- Smoking-
Pressure Smoking-

Dyslipi- Family history
demia Family history

HDL, Losartan-
Losartan-

LDL, ß-blockers
ß-blockers

Trigly- Triglycerides
cerides

*Total Cholesterol

>
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mellitus, GFR <90, and hyperlipidemia. These relationships
were statistically signif icant (Table-3). GS in men with or
without hyperuricemia was more as compared to respective
women (p<0.001). The GS in the men with hyperuricemia
was more than those without hyperuricemia (p<0.001). GS
in women with hyperuricemiawas more than those without
hyperuricemia but the difference was not supported
statistically (p<0.856).

The relationship between age and hyperuricemia in

±SD P
Male 39(52) 52.99 ± 38.39
Female 32.5(30) 37.19 ± 23.58

0.151

No 34(38) 39.96 ± 24.06
YES 32(72) 58.69 ± 44.20

Normal 34(45) 42.08 ± 29.01
High 37(37) 53.18 ± 39.26

No 32(43) 48.31 ± 35.95 >0.848
Yes 34(40) 47.23 ± 34.55

Normal 32(24) 48.47 ± 39.48 >0.789
low 35.5(44) 47.01 ± 33.18

Normal 30.5(28) 36.52 ± 22.30
High 49(70) 64.50 ± 42.94

Normal 32(38) 42.02 ± 29.92
mg/dl High 46(70) 62.26 ± 42.10

=90 30(41) 43.92 ± 35.29
<90 48(45) 56.26 ± 31.36

Normal 32(38) 40.74 ± 27.17
mg/dl High 43(56) 58.13 ± 42.18

No 34(36) 39.31 ± 22.51
Yes 42(54) 53.89 ± 40.93

No 38(37) 47.63 ± 33.04 >0.6
YES 30(55) 46.60 ± 38.65
0.6
No 34(45) 49.13 ± 36.38 <0.210
YES 34(27) 41.48 ± 27.61

0.286

No 41.41(39) 44 ± 31.42
YES 50(77) 66.34 ± 45.05

0.052 (0.029,0.076)
(Yes to No) 0.951 (0.440,1.462)

(Yes to No) 0.483 (-0.017,0.983) >0.058
(GFR<90 to GFR=90) 0.769 (0.167,1.372)

( to ) -1.151 (-1.719,-0.582)
( to ) -3.729 (-5.071,-2.387)

(Yes to No) 2.471 (1.550,3.391)
(Yes to No) -0.107 (-1.267,1.052) >0.856

B=Unstandardized coeff icient; CI=Conf idence internal

Table-2: Relationship between GS and other variables in
univariate analysis

Variables N (%) Mean
<0.001

<0.012

<0.001

<0.01

<0.001

<0.001

<0.001

<0.001

<0.003

<0.001

<0.001

Table-3: Relationship between GS and other variables in multi-
variable analysis

Variable B CI p value

<0.001
<0.001

<0.012
<0.001
<0.001
<0.001

Sex

Age(r)

Diabetes
mellitus

Blood
pressure

Dyslipidemia

HDL, mg/dl

LDL, mg/dl

Triglycerides,

GFR
GFR

Total cholesterol

Hyperlipidemia

Smoking

Family history

Uric acid(r)

Hyperuricemia

Age
Diabetes mellitus
Hyperlipidemia
GFR
No hyperuricemia
Hyperuricemia
Hyperuricemia
Hyperuricemia

F M
F M
M
F

men was negative and signif icant. It means that
hyperuricemia is signif icantly reduced by increasing age in
the men (r=-0.299; p<0.001). But, there was no signif icant
association between age and hyperuricemia in women (r=-
0.027; p>0.793).

Out of 274 patients with CAD, 25 patients took only
losartan and 106 used just ß-blocker. After three months,
the mean serum level of uric acid in the patients received
losartan was reduced but increased in those patients
received ß-blocker(p<0.001) (Table-4).

This study was conducted to determine the relationship
between serum level of uric acid and the severity of
atherosclerosis in patients having stable cardiac ischemia.
Results revealed a positive correlation between SUA level
and CAD ., increase uric acid levels was accompanied by.
This relationship was only identif ied in men. GS in men
with or no hyperuricemia was more than women with or no
hyperuricemia. Also, GS in the men with hyperuricemia
were higher than in those without hyperuricemia. Barbieri

(2015) also reported that the incidence of coronary
artery disease and complicated coronary lesions was higher
in men. Thestudyof Goodarzinejad . (2010) reported an
independentassociation of hyperuricemiawith the severity
of coronary artery disease in men that was more than
women . Finegold (2013) found that men are more
affected by coronary artery disease than women. These
studieswereconsistentwithourresults.

GS increases with age in the subjects of this research.
Our f indings were strengthening the earlier reports i.e., the
prevalence of coronary artery disease signif icantly
increased with age in men and women. The CAD may affect
people of different ages but in older people, it dramatically
increases by about three times in each decade of life
(Finegold , 2013).

In the present study, hyperuricemia in men was found
to be inter-related with the decrease of age, but no
signif icant association between age and hyperuricemia in
women was evidenced. In a cross-sectional study (2014-
2017), Sun et al. (2019) indicated that uric acid levels
signif icantly change with age in men and women. The level
of uric acid or hyperuricemia meaningfully increases with
age in women, while in men adeclined trend was found. The
correlation between uric acid and CAD varied according to
age and sex. There was a signif icant association between
uricacid and hyperuricemiawith CAD in women, especially
in elderly women =80 years, but in men, this relationship
was not signif icant (Sun ., 2019). Tian (2015)

Losartan 5.18+0.81 5.04+0.83
ß-blocker 4.76+1.53 4.89+1.54

i.e

et al.
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Table-4: Relationship of losartan and ß-blocker with
hyperuricemia (Uric acid level)

Variable At beginning of study After 3 months P value

< 0.001
< 0.001

Discussion:
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concluded that the highest level of hyperuricemia was in
older women not in older men. The results of these studies
are consistent with our f indings in the downward trend of
hyperuricemia in men with increasing age but inconsistent
with the upward trend of hyperuricemia in women. The
difference in the relationship between hyperuricemia and
the severity of coronary artery disease in both sexes can be
due to genetic differences that affect synthesis, secretion,
and uptake of uric acid and, in turn, level of uric acid.
Perhaps it is necessary to classify different age groups in
menand women toobtainpreciseresults.

Komendarek-Kowalska (2017) reported a positive
correlation between serum creatinine and serum uric acid
and a negative correlation between uric acid and eGFR.
High levels of uric acid may result in hypertension and
kidney damage due to hypertension. Also, a systematic and
meta-analysis study (Li , 2014) determined that during
long-term follow-up of non-CKD subjects, high levels of
uric acid increase the risk of chronic kidney disease and
GFR reduction. These f indings suggest that uric acid is a
progressive and predictive change in kidney function. Our
study showed that GS increased with low GFR. It is possible
that high uricacid reduces GFR and increases the incidence
of coronaryarterydisease.

GS increased with hyperlipidemia in patients of the
present study. Previous investigations have proven that
serum uric acid has a positive and signif icant correlation
with LDL, triglyceride, creatinine, and hyperlipidemia
(Maiuolo ., 2016),whichsupportsourf indings.

LDL and serum uric acid were predictors of coronary
artery disease in diabetic patients. A positive correlation
was found between serum levels of uric acid and the
duration of diabetes, HDL, hypertension, and triglyceride
(Jayashankar ., 2016). In the current study, GS had a
signif icant relationship with diabetes. Hyperuricemia can
be an effective variable in the incidence of coronary artery
disease indiabeticpatients.

Matsumura . (2015) investigated the effect of
losartan on serum levels of uric acid in patients with
hypertension treated with thiazide diuretics for 6 months.
Although the blood pressure level was not signif icantly
differed in their study as the case with the control group
(combination of an angiotensin II receptor blocker (ARB)
except losartan and thiazide diuretics) and the
combination pill (losartan and hydrochlorothiazide)
group. The decrease in serum uric acid level in the
combined pill group was signif icantly higher than that in
the control group. These results indicated that losartan has
a positive effect on the level of serum uric acid even in
combination treatment with thiazide diuretics. Losartan
may be useful in maintaining normal levels of uric acid in
patients with high blood pressure, especially in patients
with hyperuricemia, whowereconsuming diuretic thiazide
(Matsumura , 2015). Ueno . (2015) reported that

et al.
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uric acid was signif icantly higher in the patients treated
with diuretics, beta-blockers, or alpha-1 blockers than in
those who were not treated with those drugs that cause to
reduce GFR levels. Calcium channel blockers, ACE
inhibitors, and angiotensin receptor blockers, including
losartan, do not increase the level of uric acid (Ueno .,
2015). Our study compared the patients consuming only
losartan with those taking just beta-blocker. We found that
the level of uric acid in patients using losartan was reduced
but increased in those taking beta-blocker which agrees
with the previous f indings. Considering the effect of
losartan on the reduction of uric acid levels, it can be used as
aneffectivedrug forcontrolling hypertension inpeoplewith
hyperuricemia, especially in young men who are more at
risk forhyperuricemia.

Thus, it is recommended to carry out clinical trial
studies that determine whether reduce in uric acid levels
causesto prevent or decrease the severity of coronary artery
diseaseornot.

The GS score increased with age, hyperlipidemia, diabetes,
and GFR<90. The GS in the males with or no hyperuricemia
was higher than their counterpart females. GS in men with
hyperuricemia was also more than those without
hyperuricemia. Therefore, the rate of coronary artery
involvement increases with uric acid level and this
relationship issignif icantonly in men. The results indicated
that levels of uric acid in the patients treated with losartan
reduced but increased in those treated with beta-blockers.
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