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Abstract
Aim: The aim of the study was to investigate the association of serum uric acid (SUA) levels with the major cardiovascular events (MACE) in 

hypertensive patients.

Methods and Materials: This is a prospective analysis including 652 hypertensive patients (52,6% female) of mean age at the entry: 57,2±13,1 
years, mean office systolic/diastolic blood pressure (S/DBPo): 152,3±19,1/94,4±11,83 mmHg, mean office heart rate (HRo): 76,0±12 beats/min, 
treated or newly diagnosed untreated. The median follow-up period was 9 years. SUA were measured at the entry of the study. Major cardiovascular 
events (MACE) (myocardial infarction, unstable angina, transient ischemic attack or stroke, peripheral vascular intervention, heart failure events, 
cardiovascular death) were registered. We estimated the prognostic value of SUA to the MACE. Cox proportional hazard model was employed to 
determine the prognostic value of uric acid.

Result: The median follow-up period was 9 years. There were 264 (40,5%) MACE at the end of the study. Cox regression statistical analysis 
revealed that SUA was a strong predictor of MACE (HR: 1,14, 95%CI: 1,06 – 1,2 p-value=0,000) 

Conclusion: SUA levels have statistically significant prognostic value to MACE in hypertensive patients.

Introduction 
Uric acid is a product of the activity of xanthine oxidase, an 

enzyme increasingly implicated as a mechanistic participant in 
oxidant stress and cardiovascular disease. Contributing factors 
responsible for hyperuricemia are alcoholic and high-purine foods 
consumption, low water consumption and poorly exercising. In adults 
with essential hypertension an association with hyperuricemia is 
very common. Prevalence of hyperuricemia is 30% in untreated 
hypertensives and >75% in malignant hypertension. Uric acid is 
thought to play a pathogenic role in hypertension [1-3] mediated 
by several mechanisms such as inflammation, vascular smooth 
muscle cell proliferation in renal microcirculation, endothelial 
dysfunction, and activation of the renin – angiotensin – aldosterone 
system [4-7]. Animal models have shown that acute elevations of  

 
serum urate, by inhibition of uricase, induce a prompt rise in blood 
pressure and that chronic urate elevation maintains the rise in 
pressure and induces irreversible vascular damage and glomerular 
changes, and results in a form of salt-sensitive hypertension [8, 9]. 
Furthermore, studies have shown that in overweight and obese 
subjects, hyperinsulinemia secondary to insulin resistance may 
enhance their absorption of uric acid and thus contribute to the 
association of hyperuricemia with hypertension [10].

Also, numerous studies have noted an association of elevated 
serum uric acid (SUA) levels also with heart failure [11], coronary 
artery disease [12] and stroke [13]. Several pathophysiological 
mechanisms have been postulated including multiple 
proatherogenic processes, increased oxidative stress [14, 15], 

https://dx.doi.org/10.33552/OJCRR.2021.04.000600
https://irispublishers.com/index.php
https://irispublishers.com/ojcrr


Online Journal of Cardiology Research & Reports                                                                                                                       Volume 4-Issue 5

Citation: MV Papavasileiou, G Moustakas, A Karamanou, SPatsianis. Prognostic Value of Serum Uric Acid Levels to the Cardiovascular Events 
in Hypertensives. On J Cardio Res & Rep. 4(5): 2021. OJCRR.MS.ID.000600. DOI: 10.33552/OJCRR.2021.04.000600.

Page 2 of 6

vascular smooth muscle cell proliferation [16], leukocyte activation 
[17], platelet adhesiveness and aggregation [18] and crystal 
formation within coronary atherosclerotic plaques [19]. Xanthine 
oxidase activity is increased during ischemia and heart failure, and 
treatment with xanthine oxidase inhibitors has favorable effects 
on myocardial oxygen consumption and endothelium- dependent 
vascular function [20, 21]. Purpose of this study was to evaluate 
the predictive role of SUA levels with respect MACE (myocardial 
infarction, stroke, cardiovascular death) in a large Greek cohort 
of hypertensive men and women, in whom the SUA levels were 
routinely obtained at baseline.

Patient and Method

Patient Population

We studied 652 consecutive hypertensives (52,6% female) 
of mean age 57,2±13,1 years, treated or newly diagnosed never-
treated with anti-hypertensive drugs who were self-referred to 
our outpatient cardiology hypertensive clinic for BP evaluation. 
The median follow-up period was 9(5-14) years. Patients were 
excluded from the study, if they suffered from any cardiovascular 
disease, secondary hypertension, and any other clinically significant 
concurrent medical condition such as thyroidal, psychiatric, 
neuromuscular, chronic kidney disease, respiratory, hepatic or 
gastrointestinal illness, or systemic disease. None of the participants 
had any history or clinical/laboratory evidence of recent infection, 
inflammation or underwent any medical treatment (including anti-
inflammatory treatment and hormone replacement therapy) the 
last month before entry into the study. Patients under treatment 
for hyperuricemia were also excluded from the study. The primary 
endpoint of the trial was combined events of myocardial infarction 
or unstable angina, transient ischemic attack or stroke, peripheral 
vascular intervention, heart failure events or cardiovascular death 
during the study period. The study was approved by our hospital’s 
ethics committee and conformed to the 1964 Declaration of 
Helsinki. All subjects gave their written informed consent at the 
baseline of our study. 

Baseline Measurements

At baseline, all participants were individually interviewed and 
information on gender, age, weight, height, waist circumference, 
hip circumference, smoking status, physical exercise status and 
diet was recorded. Body mass index (BMI) and waist to hip ratio 
(WHR) determined. Venous blood samples were drawn from all 
participants after an overnight fast (8-12 h) for the determination 
of SUA, fasting glucose (glo), lipids and serum creatinine (sCr). At 
baseline, resting sitting office BP was measured twice, using Cuff’s 
of a size appropriated to the arm circumference, with at least 5 min 
intervals using an automatic sphygmomanometer. If the difference 
between the first and second measurement was >10 mm Hg, then 
repeated measurements were performed. The average of the last 
two measurements was used for screening. Moreover, a bilateral 
measurement was performed to define the arm subjected to the 

relatively higher hemodynamic load and accordingly was used for 
all the following measurements.

Outcomes Measure

Follow-up data, based on interviews, health care facility medical 
records, and death certificates, were collected during the follow up 
period. Cardiovascular death was ascertained by either certificate, 
a proxy interview, or both. In the former case, the underlying cause 
of death was coded according to the International Classification of 
Disease, Ninth-tenth version (ICD-9 and ICD-10). Years of follow-up 
for each patient were calculated from baseline to the date of death 
for decedents and to the date of follow-up for those still alive.

Statistical Analysis

Continuous variables are presented as either mean (±standard 
deviation) or medians (interquartile range), and categorical 
variables as percentages. The significance of differences in baseline 
characteristics of the participants according to SUA were compared 
using Pearson’s Chi-square test or Student’s t-tests, as appropriate. 
Correlation analyses were performed using Pearson’s correlation 
coefficient. Cox proportional hazard regression models were used 
to estimate the hazard ratio (HR) and 95% confidence interval (CI) 
for the effect of baseline SUA. To assess independent associations of 
SUA with outcomes, covariates were considered confounders and 
were entered into the summary model. Statistical significance was 
set at p value<0,05. Results were analyzed with SPSS for Windows 
software.

Result
Clinical and laboratory characteristics of the study population 

are shown in (Table 1). The mean age of the study population at 
baseline was 57,2 year old (52.6% females) and the mean BMI was 
28,0±4,3 kg/m2, median W/H: 0,88 (0,84-0,95). Moreover 57,8 % 
patients were newly diagnosed hypertensives. The mean serum 
glo was 104,3±31,6 mg/dl and the mean sCr was 0,95±0,4 mg/dl. 
Moreover, mean SUA level was 5,1 ±1,7 mg/dl (Table 1). During 
a median 9(5-14) years of follow-up, 270 (41,4%) persons of the 
study population developed MACE events. A total of 85 patients, 
(13 %) of the study population, developed myocardial infarction 
(MI), or unstable angina, 102 patients (15,6 %) developed 
transient ischemic attack (TIA) or stroke ,13 patients (1,99%) had 
hospitalization for heart failure, 12 patients (1,84%) underwent 
peripheral vascular intervention and 58 patients (8,89%) died 
from cardiovascular causes (Table 2) The median age at the time 
of occurring MACE was 67 (59-75) years old. Males had statisticaly 
significant increase risk of developing MACE compared to females 
Moreover, treated patients at baseline did not differ as far as it 
concern occurring MACE, compared to newly diagnosed never-
treated with anti-hypertensive drugs patients at baseline.

According to chi-square test hypertensive patients on treatment 
had statistically significant more cardiovascular events compared 
to hypertensive patients without treatment (p<0,001). Additionally, 
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male hypertensive patients had significantly more cardiovascular 
events compared to female (p<0,001) (Table 3). At baseline, higher 
serum uric acid levels were associated with age (r=0,085, p=0,029), 
BMI (r=0,100, p<0,011), waist (r=0,247, p<0,001), waist to hip 

(r=0,288, p<0,001) and creatinine clearance (r=0,354, p<0,001) 
while SBP, DBP and heart rate were not significantly associated 
with serum uric acid (Table 4).

Table 1: Demographic and clinical characteristics of the study population at baseline (n=652).

Baseline age (years) 57,2±13,1

Male (%) 47,4

Treated (%) 42,2

BMI (kg/m2) 28,0±4,3

Waist (cm) 98 (89-105)

Hip (cm) 108 (102-115)

Waist to Hip ratio (W/H) 0,88 (0,84-0,95)

Serum urea (mg/dl) 41,7±15.9

Serum creatinine (mg/dl) 0,95±0,34

e-GFR (mL/min/1,73²) 81,7±35,7

Serum uric acid (mg/dl) 5,18±1,7

Serum glucose (mg/dl) 104,3±31,6

Total cholesterol (mg/dl) 232,9±49,7

HDL cholesterol (mg/dl) 51,4±14,1

LDL cholesterol (mg/dl) 156,4±47,1

Triglycerids (mg/dl) 123,5±71,4

SBPo (mmHg) 152,3±19,1

DBPo (mmHg) 94,4±11,83

HRo (bpm) 76,0±12

Event age (years) 67(59-75)

BMI: Body Mass Index, SBPo: office Systolic Blood Pressure, DBPo: office Diastolic Blood 
Pressure, HRo: office Heart rate, bpm: beats per minute, e-GFR: estimated clearance creatinine 

according to Cockcroft- Gault

Table 2: Incidence of MACE during follow-up.

Disease Number of cases % of MACE % of Study Population

Total 270 41.4

MI or unstable angina 85 31.48 13

TIA or STOKE 102 37,7 15,6

Hospitalization for HF 13 4,5 1,99

Peripheral Vascular Intervention 12 4,4 1,84

Cardiovascular Death 58 21,48 8,89

Table 3: Comparison between MACE and No MACE outcome. 

 No MACE MACE P value

Treated vs no treated, % 17,94 vs 38,03 24,2 vs19,78 <0,001

Male vs female, % 22,6 vs 33,28 24,69 vs 13,3 <0,001

Table 4: Correlations of serum uric acid in overall study population (n=751).

 r p value

Age 0,085 0,029

BMI 0,100 0,011

Waist 0,247 <0,001

Hip 0,068 0,201

Waist to Hip ratio 0,288 <0,001
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SBPo -0,034 0,379

DBPo 0,059 0,129

Heart rate o 0,008 0,835

Serum urea 0,160 <0,001

Serum creatinine 0,259 <0,001

Creatinine clearance 0,354 <0,001

Serum glucose 0,064 0,101

BMI: Body Mass Index, SBPo: office Systolic Blood Pressure, DBPo: office Diastolic 
Blood Pressure.

Table 5: Cox regression analysis.

 HR 95% CI p value

Serum uric acid 1,13 1,04 – 1,2 0,001

Age 1,07 1,05 – 1,08 <0,001

Male gender 1,48 1,07 –2, 04 0,017

SBPo 0,996 0,99 – 1,003 0,256

BMI 1,06 0,97 – 1,039 0,729

Serum glucose 1,007 1,004 – 1,010 <0,001

GFR 1,003 0,998 – 1,008 0,189

Table 6: Hazard ratio for uric acid in entire cohort.

 Hazard ratio 95% Confidence Intervals P value

Uric Acid (mg/dl) 1,13 1,04 – 1,2 0,001

Cox regression analysis showed that serum uric acid, age, male 
gender and serum fasting glucose were independent predictors 
for MACE (Table 5). Finally, we found that, in entire cohort, serum 

uric acid was an independent predictor for MACE (HR:1,13, 95%CI: 
1,004-1,2, p=0,038) (Table 6) (Figure 1).

Figure 1: Timeresu: Time from baseline of MACE according to the baseline level of serum uric acid.

Discussion
The main finding of our study is that elevated serum uric 

acid is a strong predictor of combined endpoint of myocardial 
infarction, stroke hospitalization for HF vascular intervention 
and cardiovascular death in essential hypertensive patients in a 
long term follow-up. Our findings are in accordance with several 
other studies and meta-analysis, which have shown that elevated 
uric acid levels predict an increased risk of cardiovascular events 

and cardiovascular and all cause mortality [22-27]. Moreover, a 
systematic review and meta-analysis found that hyperuricaemia 
may modestly increase the risk of CHD events independently of 
traditional CHD risk factors. Women were found to have a more 
pronounced increase in risk for CHD mortality than for men.28 
A similar meta-analysis was performed for hyperuricaemia and 
stroke showing that hyperuricaemia modestly increased the risk of 
stroke incidence and mortality, independent of known risk factors, 
but without gender difference [29-31].
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In contrary, some studies have failed to show uric acid as an 
independent predictor of death but they were underpowered, 
included too few events or did not adjust for known confounders 
[32-34]. Moreover, recent studies of losartan and atorvastatin 
showed that uric acid reduction contributes to attenuation of 
cardiovascular risk [35-36]. In a small randomized clinical trial, 
[37] allopurinol treatment in newly-diagnosed, hypertensive 
adolescents was associated with significant reductions in casual 
and 24-hour ambulatory blood pressure compared to placebo. 
Interestingly, a cohort study of hypouricemic patients enrolled in 
Veterans Affairs medical centers in the Pacific Northwest reported 
that the use of allopurinol was associated with a 23% lower all-
cause mortality rate [38].

The major strength of our study was that we used a large sample 
size and excluded for the presence of secondary hypertension, 
cardiovascular disease, chronic kidney disease, malignancy, and any 
other medical treatment. However, when interpreting our results, 
some limitations should be considered. First, bias from follow-up 
loss may have affected our results. Loss to follow-up is expected, 
especially in those who are in poor health. However, loss to follow-
up of high-risk people would probably lead to a conservative bias 
and subsequent underestimation of risk. Furthermore, we were not 
able to include some important confounders in this study, such as 
the presence of or use of medication to treat gout and any dietary 
habits.

Conclusion
our findings, which were obtained from large cohort of Greek 

hypertensives, indicated that serum UA may be a predictor for 
the development of MACE in a large follow-up period, and this 
association was significant after adjustment for baseline covariates.
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