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Introduction 
 

Hypertension, as an important cause of morbidity 
and an almost controllable cardiovascular disease, 
is reported to be the fourth cause of premature 
death in developed countries and the seventh in 
developing countries (1,2). On the other hand 

experimental studies showed a causative role for 
uric acid in pathogenesis of hypertension (3,4).  
The concept of population attributable  risk 
(PAR), frequently applied in public health pro-
grams, deals with the proportion of disease inci-

Abstract 
Background: The population attributable risk (PAR) percent has used widely in public health policy. We 
aimed to calculate the attribute risk of hypertension due to hyperuricemia by Levin's formulas compare to di-
rect PAR calculation method. 
Methods: This was a sub-study of Yazd Healthy Heart Cohort (YHHC). Overall, 1256 normotensive individu-
als were enrolled through multistage randomized cluster sampling and followed up for mean 9.8 years, from 
2005-2015. The threshold cutoff point of the hyperuricemia was considered equal and more than 75th percen-
tile that equal to 5.5 mg/dl for men and 4.3mg/dl for women. To calculate the attributable risk of hyperurice-
mia in developing hypertension, two methods were applied. Levin's formulas and direct PAR estimation by 
population risk calculation via exposure prevalence weighted formula. Multiple logistic regression was used for 
estimate of odds ratio (OR) of hyperuricemia in developing hypertension. We calculated Relative Risk (RR) 
from OR. The data were analyzed using SPSS software version 16. A significant level of 0.05 was considered. 
Results: Hypertension developed in 44.7% of individuals with uric acid level ≥ 75th percentile vs. 35.6% of 
other individuals (P=0.024). Attributable risk (AR) of hyperuricemia in hypertension incidence was 9.1%. PAR 
of hyperuricemia for hypertension incidence by using two methods mentioned before was 6%, 5.8% respective-
ly. 
Conclusion: The results of the study confirmed the noticeable contribution of hyperuricemia as an independ-
ent other risk factor for the occurrence of hypertension. PAR of hyperuricemia for hypertension incidence by 
using two methods almost near was 6%, 5.8% respectively. 
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dence prevented by eliminating the exposure fac-
tors in a target population(5). In other words, the 
PAR indicates the frequency of a disease attribut-
able d to the risk factor in the total population. 
Furthermore, PAR can predict the effect of pub-
lic health interventions on adverse outcomes (1). 
However, elimination of risk factor in population 
is not possible in real public healthy setting (6). 
Yazd Healthy Heart Cohort (YHHC) could show 
causal relationship with hypertension (7). On the 
one hand, the prevalence of HTN is growing in 
developing countries such as Iran (8, 9).  
To quantify the impact of hyperuricemia in oc-
currence of hypertension in this article we re-
ported PAR% by two known formula; Levin's 
formula and direct calculation of PAR with expo-
sure prevalence weighted estimation. 
 

Materials and Methods 
 
This study was a historical cohort and a sub-
study of YHHC. In the first phase, the enrolling 
of individuals into the cohort study was conduct-
ed from autumn 2004 to summer 2005. Overall, 
2,000 people aged 20-40 yr in Yazd, Iran is being 
examined. Selection of individuals was done in a 
multi-stage random clustered manner. Length of 
the study period was 10 years and they were in-
vited every year during the first five years and the 
last visit was after 10 years. In each visit, some 
lifestyle information such as dietary habits, physi-
cal activity and smoking, risk factors of cardio-
vascular disease including age, gender, hyperten-
sion, obesity and dyslipidemia, and some im-
portant biochemistry measures such as fasting 
blood glucose, cholesterol, triglyceride and uric 
acid were assessed and recorded Of total 2000 
participants of YHHC 1265 participant without 
hypertension were enrolled in this study. Over-
sell, 735 individuals with hypertension at baseline 
phase were excluded. 
 

Inclusion and Exclusion criteria 
The criteria for entering the study include those 
residence in Yazd at least 1 year and the age in 
range of 20-74 yr, also not having hypertension at 
the beginning of the study.  

Ethical approval 
The present study was ethically approved by the 
Shahid Sadoughi University of Medical Sciences’ 
Ethics Committee (ethics code: 
IR.SSU.MEDICINE.REC.1395.287). Informed 
consents were obtained from study participants 
at the initial and the follow-up phase. The present 
research is reported based on the strengthening 
the reporting of observational studies in epide-
miology (STROBE) statement. 
 
Measurement of Blood pressure 
Blood pressure was measured by a mercuric bar-
ometric device according to the standard proto-
col (10). After a minimum of 5 min rest, they 
were placed in a sitting position and then meas-
ured in right arm. The first and fifth Korotkoff 
sounds were taken as the systolic blood pressure 
(SBP) and diastolic blood pressure (DBP) respec-
tively and the mean of these two measurements 
was recorded in each visit. Hypertension was de-
fined as means all measured SBP at least 140 
mmHg, or means two measured DBP at least 90 
mmHg or the use of anti-hypertensive medica-
tion. 
 
Other risk factors 
Uric Acid 
Uris Acid was measured with biochemical auto-
analyzer, model BT 3000 (Italy) and Man kits 
(Tehran, Iran). HU was defined greater than the 
75th percentile. The threshold cutoff point of the 
hyperuricemia 75th percentile was equal to 5.5 
mg/dl for men and 4.3mg/dl for women. 
 
FBS  
Fasting blood sugar (FBS) was after 10 hours 
fasting in serum by biochemical auto-analyzer, 
model BT 3000 (Italy) and Man kits (Tehran, 
Iran). 
 
Statistical analysis 
The quantitative variables were reported as mean 
± standard deviation and the qualitative variables 
were presented as frequency and relative fre-
quency. To compare the differences between 
quantitative distributions of continuous variables, 
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independent t-test was applied for the partici-
pants. In order to compare the frequency distri-
bution of the qualitative variables, we run the chi-
square test. Univariate analysis was also applied 
to examine the crude relationships between the 
HU and the risk of HTN. We used the multiple 
logistic regression models to assess the associa-
tion between the HU and HTN after adjusting 
for the confounders of age, gender and FBS. We 
calculated PAR using the Levin's formula and 
direct calculation of PAR with exposure preva-
lence weighted estimation. Levin’s PAR is calcu-
lated by the following formula (11).  

 

%𝑃𝑜𝑝 𝐴𝑅 =
𝑃𝑒 × (𝑅𝑅 − 1)

𝑃𝑒 × (𝑅𝑅 − 1) + 1
            (11.1) 

 

𝑃𝑒  =exposure prevalence in the target popula-
tion, RR= relative risk of HU for HTN incidence 
 
Measurement of the relative risk (RR) using 
odds ratio (OR) 
Relative risk was calculated by the following for-
mula. 

RR =
𝑂𝑅

1−[(𝑞−)−(𝑂𝑅×𝑞−)]
        𝑞−=

the incidence in the unexposed     (11.2)  

 

PAR =  
𝑅𝑖𝑠𝑘 𝑜𝑓 𝐻𝑇𝑁 𝑖𝑛 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 − 𝑅𝑖𝑠𝑘 𝑜𝑓 𝐻𝑇𝑁 𝑖𝑛 𝑁𝑜𝑛 − 𝐻𝑈

 𝑅𝑖𝑠𝑘 𝑜𝑓 𝐻𝑇𝑁 𝑖𝑛 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛
        (11.3) 

 
We calculated risk of HTN in population using 
prevalence weighted method: 
 
Risk of HTN in population = HTN 𝑅𝑖𝑠𝑘 𝑖𝑛 𝐻𝑈 𝑝𝑎𝑡𝑖𝑒𝑛𝑡𝑠 ×
𝑝𝑟𝑒𝑣𝑎𝑙𝑒𝑛𝑐𝑒 (𝐻𝑈) 𝑖𝑛 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 + HTN 𝑅𝑖𝑠𝑘 𝑖𝑛 𝑛𝑜𝑛 −
𝐻𝑈 𝑝𝑎𝑡𝑖𝑒𝑛𝑡𝑠 ×  𝑝𝑟𝑒𝑣𝑎𝑙𝑒𝑛𝑐𝑒 (𝑛𝑜𝑛 𝐻𝑈)𝑖𝑛 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛           (11.4)  
 
HU is defined as the UA level of higher than 
75th percentile, the prevalence of HU in the 
whole population was 23.8% according to base 
phase YHHC. The data were analyzed using 
SPSS (ver. 16, Chicago, IL, USA). A significant 
level of 0.05 was considered. 
 

Results 
 
Table 1 presents the baseline characteristics of 
the patients. The mean age of the participants 
was 43.23 yr with a standard deviation of 14 at 
the baseline.  
Table 1 shows individuals with HU and without 
HU were similar according to age (P=0.55, FBS 
(P=0.35) and sex too (P=0.41). 

Table 1: The baseline characteristics of participants 

 
variable HU Non HU Total Sig 
Age (yr) 43.6 ± 15 43.09± 14 43.23 ± 14 0.55 

FBS 94.5±27 96.89 ± 43 96.27 ± 39 0.35 

Sex (male) 167(51.9%) 466(50.9%) 322(66%) 0.41 
*P<0.05 

 

Table 2 shows that 44.7% of individuals with 
hyperuricemia and 35.6% of individuals without 
hyperuricemia developed hypertension. Individu-
al with HU were more likely to have hyperten-

sion. Multiple backward stepwise regression anal-
ysis was conducted to examine the influence of 
HU on HTN (Table 3). 

  

Table 2: Univariate analysis result of HTN risk and HU 
 

Risk factor Normal, n (%) Hypertensive, n (%) Sig 
HU 75th percentile 

Yes 110 (55.3) 89 (44.7)  
0.024 

No 410 (64.4) 227 (35.6) 

Total 520(62.2) 316(37.8) 
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Table 3: Binary logistic regression of selected variables and the risk of HTN 

 
Risk factor B OR CI P-value 

Age 0.535 1.707 (1.503-1.939) <0.001 
Sex 0.127 1.136 (0.842-1.533) 0.405 
Hyperuricemia 75th 0.395 1.484 (1.049-2.099) 0.026 
FBS 0.006 1.006 (1.002-1.009) 0.004 
*P<0.05 

 
The PAR percentage of HU was calculated as 6% 
according to the odds ratios obtained from the 
binary logistic regression models after adjusting 
for confounders. The PAR calculated for HU 
based on the exposure prevalence was also 5.8% 

(Table 4). The population attributable risk of HU 
in hypertension incidence was calculated as fol-
lowing.  
Risk of Hypertension in whole population ac-
cording to YHHC was 38%. 

 
Table 4: PAR of HTN caused by HU 

 
Levin’s population attributable  risk  PAR weighted by exposure 

prevalence 
HU 75th percentile PAR, % RR OR PAR, % Prevalence, % 
 6% 1.27 1.484 5.8% 23.8% 

 
PAR weighted by exposure prevalence 
𝑟𝑖𝑠𝑘 𝑜𝑓 𝐻𝑇𝑁 𝑖𝑛 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛

=  (44.7% ∗  23.8%)
+ (35.6% ∗  %76.2) ≅ 37.8% 

𝑃𝐴𝑅 𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑏𝑦 𝑒𝑝𝑜𝑢𝑠𝑢𝑟𝑒 𝑝𝑟𝑒𝑣𝑎𝑙𝑒𝑛𝑐𝑒 =
0.378 − 0.356

0.378
= 5.8% 

 
Levin formula 

𝑂𝑅 = 1.484,   𝑅𝑅 =
1.484

1 − ((0.356) − ((1.484) ∗ (0.356))
= 1.27 

%𝑃𝑜𝑝𝐴𝑅 =
23.8%(1.27 − 1)

23.8%(1.27 − 1) + 1
= 6%  

 

Discussion 
 
This study examined causal association of HU in 
developing of hypertension and calculate PAR of 
HU in the risk developing of hypertension in 20-
74 yr old in urban population of Yazd, a central 
city in Iran. The findings of the study confirmed 
a significant association between hyperuricemia 
and the development of hypertension. We calcu-
lated PAR of hyperuricemia with definition of 
75thpercentile and greater in the developing of 
Hypertension. We estimated PAR by two meth-
ods; Levin’s formula and the PAR estimation 

weighted by the exposure prevalence. PAR was 
estimated 6% and 5.8% respectively. On the oth-
er words, in the Yazd population 6% or 5.8% of 
hypertension incidence could be attributed to 
hyperuricemia. By eliminating hyperuricemia, the 
risk of developing hypertension in individuals 
with hyperuricemia decreased 5.8% or 6% over 
ten years. 
PAR percent can be used for health policy aims 
so we can determine population interventions 
priorities. We usually do not have access to the 
incidence of disease to direct calculate PAR%. 
Practically we can use of other methods for esti-
mating it such as Levin’s formula and PAR esti-
mate using weighted population risk by exposure 
prevalence.  
In both male and female patients, between hype-
ruricemia and developing risk of hypertension 
was significant relationship with OR 2.152 (95% 
confidence interval 1.324–3.498) and 2.133(95% 
confidence interval 1.409–3.229), respectively 
(12). This is same as our findings. 
Systolic blood pressure increasingly was deter-
mined by diastolic blood pressure (B=1.09, 95% 
CI=0.99-1.19, P<0.0001), uric acid level (B=1.04, 
P=0.003), and waist circumference (B=0.131, 
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P=0.033) (7). Findings of healthy United States 
adolescents' study showed that increasing levels 
of serum uric acid are associated with high blood 
pressure (13). 
After controlling biomarkers, eGFR, and total 
cholesterol, only uric acid and insulin inde-
pendently predicted incident hypertension. The 
PAR of HTN regarding the top three quartiles of 
UA (i.e., uric acid ≥ 3.4 mg/dL) was 6.5 cases per 
1000 women annually. The HTN estimated inci-
dence rate was 14.6 cases per 1000 young women 
per year, the indicated that 30.8% of HTN inci-
dence in young women was associated with a uric 
acid ≥ 3.4 mg/Dl (14). This study confirmed our 
findings. 
For each 1-mg/dL increase in uric acid, the risk 
of developing hypertension increased 1.13 time in 
the adults (95% CI: 1.06 –1.20) (13). The patho-
physiology role of sUA in hypertension and some 
underlying mechanisms are found but do not able 
to understand fully this relationship (15). UA lead 
to high BP and suggests a biologic mechanism 
that could lead to high BP in human (16). There 
was no association between uric acid and devel-
opment of hypertension (4). 
Elevated sUA was not an important risk factor 
for HTN. However, a recent study on the rela-
tionship between HU and risk of HTN intro-
duced HU as an important risk factor in the de-
velopment of HTN (12). Several explanations can 
be presented regarding the positive association 
between HU and risk of HTN. First, the elevated 
sUA level can reduce the circulating nitric oxide, 
activate the rennin–angiotensin system, increase 
the level of blood pressure, and therefore induce 
renal vasoconstriction. Second, the increased 
sUA may induce endothelial dysfunction; anti-
proliferative effects caused by the elevated SUA 
impair the production of nitric oxide and the ox-
ygen radicals generated by xanthine oxidase can 
cause HTN pathogenesis. Third, sUA enters the 
vascular smooth muscle cells and stimulates 
growth factors such as cycloxygenase-2 and plate-
let-derived. This in turn leads to smooth muscle 
cellular proliferation and secondary arterioloscle-
rosis (17). 

The results of population-related contribution 
studies are limited. In addition, it is difficult to 
compare these results because the demographic 
groups are different and participants are various 
regarding their age, gender, and ethnicity. There-
fore, we need to consider different risk factors in 
our measurements and set different cutting 
points for variables and their risk levels (18). 
As the main strength of this study, we studied a 
large population selected from a prospective co-
hort. HU is significantly causal associated with 
the development of HTN.  
To the best of our knowledge, this study was the 
first research that examined the PAR of HU in 
the developing risk of HTN in Yazd City. Our 
findings are not generalizable to the whole popu-
lation of Iran. Lost data of uric acid level in base-
line can be considered as our limitation. 
 

Conclusion 
 
The findings of the study indicated the attributa-
ble contribution of HU to HTN among the stud-
ied population. In this regard, we can reduce the 
HTN incidence up to about 6 percent by lower-
ing the UA level to less than the 75th percentile. 
We recommend the authorities to take measures, 
conduct preventive interventions, and implement 
effective policies to reduce the burden of HTN 
caused by UH in Yazd City, Iran. 
We can use the Levin’s formula and the PAR 
weighted by the exposure prevalence when we do 
not have access to disease incident and we need 
the use of its unbiased estimations for preventive 
intervention planning and in health policy priority 
determinations. 
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