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Abstract

. . . . - Ali Rost deh
Background: Serum uric acid (SUA), a byproduct of purine metabolism, is linked to coronary En;:iar();z;r;;jcﬁa@umsu'
artery disease (CAD) development and progression. Elevated SUA levels are considered an ac.ir

independent risk factor for cardiovascular mortality and may indicate endothelial dysfunction.
The aim of the study was to evaluate the association of the SUA level with the angiographic
severity of CAD.

Methods: This observational cross-sectional descriptive study included 150 patients who had
undergone coronary angiography in the Department of Cardiology at Seyed al-Shohadah
Hospital in Urmia, Iran, from October 2022 to November 2022. Coronary atherosclerosis,
with stenosis>50% in each coronary artery, was categorized as single-vessel, two-vessel, three-
vessel, or normal CAD according to angiography findings. The association of the SUA levels with
CAD prevalence, severity, and clinical outcomes was assessed by statistical analyses.

Results: Of 150 patients, the female gender was predominant (n=96, 64%), and the difference
between uric acid levels and gender was statistically significant (P=0.049). Regarding age
groups, 58% of the patients were under 65 years (42.5 +68.6), and 42% were older than 65 years
(41.8+69.1). A significant number of patients were hypertensive (60%). More than half of the
studied patients were not affected by diabetes mellitus (68%). Similarly, no significant difference
was found in patients with a history of hyperlipidemia (42%, P=0.701). According to the initial
diagnosis, 36.7% of the patients had a condition without some degree of coronary involvement.
Therefore, 30%, 12%, and 21.3% had single-, two-, and three-vessel coronary obstructions,
respectively. When relating these conditions to the levels of obtained uric acid, there was no
evidence of difference between the different groups (P=0.191).

Conclusion: The present study suggests that hyperuricemia in patients with conventional
cardiovascular risk factors may be associated with more severe CAD and an elevated overall
cardiovascular risk.
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Background

Coronary artery disease (CAD) is a pervasive global
health concern, accounting for a significant portion of
cardiovascular morbidity and mortality (1). Endothelial
dysfunction underlies a multitude of cardiovascular
disorders arising from genetic, biochemical, and
hemodynamic perturbations, which can be modulated by
established risk factors, some of which are amenable to
modification and control (2). In this context, exploring
novel risk factors, such as serum uric acid (SUA) levels,
holds substantial clinical significance for enhancing CAD
risk stratification and optimizing patient care (3).

Uric acid, the final byproduct of purine metabolism in
humans, is regulated by the enzyme xanthine oxidase (4).
Some proposed mechanisms for uric acid’s pathogenic
role in cardiovascular morbidity involve the generation
of free radicals, enhanced platelet adhesiveness, and
aggregation, all of which contribute to thrombus formation
(5). While numerous studies have linked elevated SUA
levels to reduced survival in patients with CAD (6, 7),

several recent investigations have failed to confirm this
association (8). Additionally, high uric acid levels are
associated with endothelial dysfunction, antiproliferative
effects, altered nitric oxide production, lipid peroxidation,
and smooth muscle proliferation (9, 10).

Invasive coronary angiography serves as a valuable
imaging tool for assessing the severity of coronary
artery narrowing (1). However, its inability to provide
pathophysiological information on myocardial ischemia
restrictsits effectiveness in evaluating stenosis functionally
(11). With the advent of technological advancements in
noninvasive myocardial perfusion imaging employing
single-photon emission computed tomography, current
guidelines advocate for its utilization in patients suspected
of CAD to assess ischemia (12).

A connection between SUA and cardiovascular
disease has been recognized since the 19th century (13).
Subsequently, considerable epidemiological evidence
has emerged, highlighting the association between
uric acid and a range of cardiovascular diseases (14).
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Hyperuricemia has also been demonstrated to correlate
with cardiovascular risk factors for ischemic heart disease,
including male gender, advanced age, diabetes mellitus,
hypertension, insulin resistance, hypertriglyceridemia,
and metabolic syndrome (15). Furthermore, various
studies have consistently established a strong association
between SUA levels and adverse outcomes in ischemic
heart disease, particularly in patients with heart
failure (16).

Given the potential for adverse outcomes in patients
undergoing coronary angiography, early diagnosis and
modification of risk factors are paramount. Investigating
uric acid’s role as a risk factor and its relationship to
coronaryartery disease severity and the number of affected
vessels can provide crucial guidance for preventive and
therapeutic interventions in these individuals. Therefore,
this study aimed to study the association between serum
uric acid level with the angiographic severity of CAD.

Methods

After receiving approval from the Research Ethics
Committee of Urmia University of Medical Sciences
(Approval No. IR.UMSU.REC.1395.170) and obtaining
writteninformed consent from patients, this observational,
cross-sectional, descriptive study was conducted in the
Department of Cardiology at Seyed al-Shohadah Hospital
by considering sample size and amount of more patients
one month was considered to take 190 patients. All the
eligible patients undergoing angiography and electively
admitted to the hospital were included in the study using
the convenience sampling method. The inclusion criteria
were age less than 18 years, a coronary angiogram clear
enough to enable the evaluation of the cause of stress-
induced chest pain, and the patient’s consent. On the
other hand, the exclusion criteria were current pregnancy,
cardiomyopathy, previous myocardial infarction or any
revascularization procedure, unstable angina pectoris,
history of congenital heart disease, renal dysfunction
(glomerular filtration rate<30 mL/min), experience of
any SUA-lowering therapy, and history of any uric acid
metabolism disorder.

Study participants were divided into two age groups,
including those under 65 years old and those 65 years
of age and older. All participants underwent coronary
angiography, and blood samples were concurrently
drawn to measure blood uric acid levels. Subsequent to
participant selection, the study’s rationale, objectives,
and method were meticulously explained, and written
informed consent was obtained from each enrolled
patient. Demographic information (age and gender),
cardiovascular risk factors, diabetes history, hypertension
history, and smoking status were gathered for each
patient, along with laboratory tests measuring SUA levels.
These findings were documented in an information form.
Hyperlipidemia was characterized by total cholesterol

levels>200 mg/dL, low-density lipoprotein > 130 mg/dL,
triglyceride levels >200 mg/dL, high-density lipoprotein
of<40 mg/dL, or the use of lipid-lowering drugs.
Hypertension was defined as blood pressure > 140/90 mm
Hg or the use of antihypertensive medications. Diabetes
was diagnosed with the concurrent use of insulin and
blood sugar-lowering drugs. Coronary atherosclerosis,
with stenosis>50% in each coronary artery, was
categorized as single-vessel, two-vessel, three-vessel,
or normal CAD, according to angiography findings.
Angiographic data were recorded in the study form.
Transthoracic echocardiography was conducted using a
GE Vivid S5 cardiac ultrasound machine and a 2.5-MHz
phased-array transducer, and the left ventricular ejection
fraction was determined using modified Simpson’s rule.
Investigation tools included a Shimadzu Bransist Alexa
C12 (ceiling-mounted angiographic machine, Japan)
for coronary angiography and a GE Vivid S5 cardiac
ultrasound machine (India) for left ventricular ejection
fraction assessment. Eventually, serum fasting uric acid
levels were measured using an enzymatic colorimetric
method with the enzyme uricase.

Sample Sizing Method

According to a similar study conducted by Nabati et al. in
2013 (17), regarding the level of serum uric acid level and
severity of coronary artery involvement in angiography
on 181 patients with angina pectoris, electivel50 patients
referred to Seyed Al-Shohda Hospital for angiography
in the women’s and men’s department were selected by
convenience sampling method.

Statistical Analysis

Categorical data were presented as frequencies
(percentages), while continuous data were presented as
means and standard deviations. Differences between
the means were compared by unpaired t-test or the
Mann-Whitney U test based on the normal or non-
normal distribution, respectively. Either the chi-square
test or Fisher’s exact test was used for the comparison
of categorical variables. The analysis of variance was
utilized for quantitative variables, and the Kruskal-
Wallis test was employed if defaults were not established.
Moreover, ordinal logistic regression analysis was applied
to determine the risk factors of coronary disease severity.
A Pvalue of <0.05 (two-sided) was considered statistically
significant. The obtained data were analyzed with the SPSS
statistical software, version 21.0 (Chicago, Illinois, USA).

Results

According to Table 1, of 150 patients, 96 (64%) were
female vs. 81 (54%), and the difference between uric acid
levels and gender was statistically significant (P=0.049).
Regarding age groups, 58% of the patients were under
65 years (42.5+68.6) and 42% were older than 65 years
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Table 1. Demographic and Clinical Characteristics of Patients and
Comparison With Uric Acid Levels

Table 2. Odds Ratios of Coronary Vessel Obstruction in Patients With Uric
Acid Levels>6 and <6 by Ordinal Logistic Regression Analysis

Relation With Uric

N (%) Acid Levels
150 (100%)

Mean (SD) P Value

Age

<65 87 (58) 42.5+68.6

>65 62(42)  41.8+69.1 0692
Gender

Male 96 (64) 5.34£1.49

0.049

Female 81 (54) 5.78+1.37
Coronary vessel obstruction

Normal 55(36.7) 5.26+1.28

One-vessel coronary obstruction 45 (30) 5.81+1.41

Two-vessel coronary obstruction 18 (12) 567+1.68 0191

Three-vessel coronary obstruction 32 (21.3)  5.73+1.23
Diabetes mellitus

Yes 48 (32) 5.28+1.42

No 10268 571133 0073
Obesity

Yes 78 (52) 5.70+1.40

No 72 (48)  5.44x134 0241
Smoking

Yes 47 (31.3) 5.76+1.36

No 103 (68.7) 5.49+137 0276
Hyperlipidemia

Yes 63 (42) 5.53+1.35

No 87(58)  5.61+1.39 0701
Hypertension

Yes 90 (60) 5.58+1.49

No 60 (40)  5.57+1.18 0965

Note. SD: Standard deviation.

(41.8£69.1). No difference was found with respect to age
groups (P=0.692, Table 1).

About 60% of patients were hypertensive; when they
were related to uric acid levels (5.58 + 1.49), the difference
between the two groups was not significant (P=0.965).
More than half of the studied patients were not affected
by diabetes mellitus (68%), and no difference was found
between the groups when they were related to uric acid
levels (P=0.39). Likewise, no significant difference was
observed in patients with a history of hyperlipidemia
(42%, P=0.701). Finally, as one of the habits related to
coronary disease, smoking was found in 31.3% of patients,
without a significant difference when related to uric acid
(P=0.276).

Accordingtotheinitial diagnosis or clinical presentation,
36.7% of the patients had a condition without some degree
of coronary involvement. Hence, 30%, 12%, and 21.3%
had single-, two-, and three-vessel coronary obstructions,
respectively. There was no evidence of difference between

Coronary Vessel Obstruction

Yes No OR (95% CI) P Value
Uric acid levels>6 33 (34.7%) 14 (25.5%) 1.60 (0.3, 74.27)
Uric acid levels<6 62 (65.3%) 41 (74.55) 0.238

Total 95 (100%) 55 (100%)
Note. OR: Odds ratio; Cl: Confidence interval.

the different groups when relating these conditions to the
obtained levels of uric acid (P=0.191, Table 1).

The chance of coronary vessel obstruction in people
with a uric acid level of above 6 was 1.6 times more than
that of people with a uric acid level of below 6, which is
not statistically significant (P=0.238, Table 2).

Discussion

Uric acid is a heterocyclic organic compound with the
formula C5H4N403, consisting of carbon, nitrogen,
oxygen, and hydrogen (17). It is the final metabolic
product of purine metabolism in humans, and excessive
accumulation can lead to various health issues. Elevated
uric acid levels are typically caused by hereditary
factors (18). High uric acid levels have been observed
in individuals with diabetes, hypertension, obesity, and
dyslipidemia (19). The primary finding of our study
confirmed a significant association between uric acid
levels and the prevalence of CAD. Our findings strongly
suggest that hyperuricemia is an independent risk factor
for CAD. These results corroborate previously reported
findings in the literature. One study demonstrated that
individuals with CAD had substantially higher uric acid
levels than those without CAD (7.35+1.61 mg/dL vs.
4.08+0.83 mg/dL, P<0.001) (20). Another study also
reported a statistically significant difference in the mean
of uric acid levels between patients with and without
CAD (358.23+71.11 umol/L vs. 251.32+54.92 pmol/L,
respectively, P<0.001) (21). Conversely, Matsumoto et
al (22) found no association between uric acid levels and
CAD severity.

Our study’s findings contradict those from the existing
literature (23,24), demonstrating a higher prevalence
and severity of CAD in women compared to men.
While the association between hyperuricemia and CAD
according to gender remains a contested topic, our results
are in line with those of an Iranian study, reporting an
independent association between hyperuricemia and a
trend toward more severe CAD in men but not in women
(25). Furthermore, elevated SUA has been shown to be
associated with the presence and severity of CAD in both
men and women to an equal degree (26).

Our findings revealed a consistent age-related increase
in SUA levels, with a noticeable rise starting during
puberty in men. Conversely, women exhibited relatively
stable SUA levels until around 50 years old, followed by a
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steep increase after menopause (27). This gender disparity
is likely attributed to the diminishing uricosuric effect of
estrogens (28), which have been shown to downregulate
protein levels of the urate reabsorptive transporters Uratl
and Glut9 and the urate efflux transporter Abcg2 (29).
Similar findings were reported in Western population-
based studies from Ireland (30), Taiwan (31), and a study
exclusively for women in the United States (32). However,
these factors were not found to be significant in our study.
The coronaryangiographydatarevealedapredominance
of triple-vessel disease (21.3%), but no correlation was
observed between uric acid levels and the number of
affected vessels. Our findings corroborate the results of
several other studies. An observational study involving 607
premenopausal women (33) confirmed that patients with
higher SUA levels exhibited an increased prevalence of
multi-vessel disease. Another study exploring SUA levels
and premature CAD (<45 years of age) found that SUA
levels exceeding 8 mg/dL were predictive of an elevated
risk of three-vessel disease (OR: 2.345, 95% CI: 1.335-
4.119), independent of traditional cardiovascular risk
factors (34). Duran et al (35) concluded that patients with
hyperuricemia had a higher number of diseased vessels.
They further indicated that SUA levels were significantly
associated with the number of diseased vessels, and SUA
was an independent risk factor for multi-vessel disease.

Limitations

This study’s limitations included the one-time
measurement of SUA levels and the restricted sample size.
Additionally, the study’s focus on patients undergoing
coronary angiography at a single center limits its
generalizability to the broader population. Further
research could benefit from longitudinal patient follow-
ups to assess prognostic implications and investigate the
influence of varying uric acid levels.

Conclusion

Overall, hyperuricemia in patients with conventional
cardiovascular risk factors may be associated with more
severe CAD and an elevated overall cardiovascular risk.
Therefore, it is recommended that hyperuricemia be
considered when assessing cardiovascular risk in CAD
patients. Early identification of high-risk CAD patients
could facilitate more intensive management of modifiable
cardiovascular risk factors and more frequent diagnostic
evaluations in clinical practice.
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