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INTRODUCTION

High blood pressure (hypertension) is a global public health 
concern that causes high morbidity and mortality and a substan-
tial economic burden. According to the World Health Organiza-
tion (WHO), over 1 billion people throughout the world have hy-
pertension, which increases their risk of ischaemic heart disease, 
stroke, and kidney disease [1]. Hypertension is a major cause of 
premature death worldwide, and its annual treatment cost was es-
timated to be over US$24 billion in 2018 [2].

The WHO reported that the WHO African Region had the high-
est prevalence of hypertension (27%) of all regions evaluated [1]. 
A recent study among the Emirati population living in the north-
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ern region of the United Arab Emirates (UAE) found a higher 
prevalence of hypertension (31%) [3]. An even higher prevalence 
of hypertension (34%) was found among expatriate male workers 
from South Asia living in the eastern region of the UAE [4]. Fur-
thermore, a high burden of undiagnosed hypertension was re-
ported in the UAE [5].

Modifiable hypertension risk factors exist at a high rate in the 
UAE population. The UAE has the highest prevalence of over-
weight and obesity, diabetes, and dyslipidaemia in the world due 
to several factors, including rapid urbanization, which can lead to 
sedentary lifestyles [3,6,7].

Epidemiological studies suggest that targeting persons at high 
risk of developing hypertension or treating it at an early stage may 
delay its onset or lessen its consequences, respectively [8-10]. Sev-
eral studies have attempted to develop risk score models for pre-
dicting the development of hypertension or the presence of hy-
pertension based on readily obtainable demographic and medical 
characteristics [11-15]. Evidence has indicated that the Framing-
ham Heart Study risk score improved the prediction of incident 
hypertension and facilitated the identification of individuals who 
were at high risk of developing hypertension [16]. However, those 
studies might not be applicable to the Dubai population due to 
differences in genetic backgrounds, lifestyle factors, and environ-
mental factors. Environmental and lifestyle factors, including food, 
obesity, physical activity, cigarette smoking, alcohol intake, and 
environmental contaminants, are increasingly being shown to al-
ter epigenetic mechanisms and patterns in populations [17].

To the best of our knowledge, no studies in the UAE or in Dubai 
have used risk scores to predict the development of hypertension. 
The aim of this study was to develop a simple and informative risk 
score model appropriate for the Dubai population using factors 
that can be readily obtained. This risk score model could support 
initial hypertension screening and provide an effective tool for 
targeted lifestyle counselling and prevention programs.

MATERIALS AND METHODS 

Study design
This study accessed data from the Dubai Household Health 

Survey (DHHS) that was conducted in 2019. The DHHS is a pop-
ulation-based cross-sectional questionnaire that was designed to 
assess the health status of the Dubai population. The main domains 
of DHHS are health behaviours, non-communicable diseases, 
healthcare delivery, and health expenditures. Residents in Dubai 
(Emirati and non-Emirati) were recruited for the DHHS using a 
complex stratified clustered random sampling technique. 

Setting and participants
Dubai, with a population of around 3 million, is the second-

largest city and Emirate in the UAE. Adults aged 18 and above, 
who account for roughly 80% of Dubai’s population, were the tar-
get population for the 2019 DHHS and were sampled using a 
cluster sampling method. The study sample available within the 

secondary data is limited to the number of respondents in the 2019 
DHHS who received 3 successive measurements of systolic and 
diastolic blood pressure.

Variables and measurements
The socio-demographic variables included in this study includ-

ed age, sex, marital status, nationality, education, occupation and 
work status, and lifestyle habits, including smoking, physical ac-
tivity status and alcohol consumption. Weight, height, and systolic 
and diastolic blood pressures were measured to obtain participants’ 
body mass index (BMI) and blood pressure status. Diabetes status 
was determined based on haemoglobin A1c (HbA1c) cut-off meas-
ures. Participants were divided by age into 2 categories, 18-39 years 
and ≥ 40 years old. Marital status was categorised as married, sin-
gle and divorced/separated/widowed. Nationality was categorised 
into Emirati and non-Emirati; and educational level was catego-
rised as below secondary, secondary, and tertiary. Physical activity 
status was categorised as active and not active, with active partici-
pants engaging in at least 150 minutes of moderate-intensity aero-
bic physical activity throughout the week, at least 75 minutes of 
vigorous-intensity aerobic physical activity throughout the week, 
or an equivalent combination of moderate-intensity and vigorous-
intensity physical activity [18]. Participants were defined as current 
smokers if they reported any type of tobacco smoking. Alcohol 
consumption was defined as any alcohol usage during the month 
preceding the survey. A BMI of < 25.0 kg/m2 was considered to 
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(n=2,400,000)
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complete data (n=2,533)
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(n=600,000)

Individuals with 
missing data (n=467)

Figure 1. Flowchart of the study participants. 
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indicate normal weight, 25.0-29.9 kg/m2 was defined as overweight, 
and ≥ 30.0 kg/m2 was considered indicative of obesity. Hyperten-
sion was defined as self-reported high blood pressure in the med-
ications section and/or a blood pressure of ≥ 140/90 mmHg [19] 
as measured during the survey. Diabetes status was determined 
using an HbA1c test. The cut-off values for the test were defined 
as follows: < 6.5% was considered non-diabetes and ≥ 6.5% indi-
cated diabetes [20]. Participants with self-reported diabetes in the 
medications section were also considered to have diabetes. 

Data were collected by trained research assistants provided 
with standardised guidelines. Blood pressure was measured and 
recorded 3 times. The average of all 3 measurements was consid-

ered the most accurate and was thus recorded. Blood pressure 
was measured at 2 points in time after the first measurement, 
with 10-minute intervals between the measurements. 

Statistical analysis 
To describe the demographic and clinical characteristics of the 

population, frequencies (in percentages) for people with hyper-
tension and those without hypertension were reported. 

Bivariate analyses (chi-square) were conducted to identify the 
variables associated with hypertension. The non-statistically sig-
nificant variables were eliminated. Statistical significance was set 
at p-value < 0.05. 

Table 1. Characteristics of study subjects based on nationality and hypertension status

Characteristics

Hypertension status

Emirati Non-Emirati

No Yes p-value No Yes p-value

Sex
   Female 357 (70.8) 147 (29.2)  0.011 434 (82.5) 92 (17.5)  <0.001
   Male 239 (62.7) 142 (37.3) 714 (63.6) 408 (36.4)
Age (yr)
   18-39 338 (88.7) 43 (11.3) <0.001 794 (76.4) 245 (23.6) <0.001
   ≥40 258 (51.2) 246 (48.8) 354 (58.1) 255 (41.9)
Body mass index
   Normal 193 (82.3) 32 (17.7) <0.001 466 (78.5) 128 (21.5) <0.001
   Overweight 148 (67.9) 70 (32.1) 381 (63.8) 216 (36.2)
   Obese 139 (50.2) 138 (49.8) 137 (49.8) 138 (50.2)
Physical activity status
   No 531 (65.9) 275 (34.1) 0.003 1,011 (69.2) 450 (30.8) 0.255
   Yes 65 (82.3) 14 (17.7) 137 (73.3) 50 (26.7)
Education level
   Below secondary 124 (44.3) 156 (55.7) <0.001 188 (57.3) 140 (42.7) <0.001
   Secondary 252 (76.6) 77 (23.4) 308 (68.1) 144 (31.9)
   Tertiary 220 (79.7) 56 (20.3) 652 (75.1) 216 (24.9)
Marital status
   Single 187 (89.9) 21 (10.1) <0.001 351 (80.0) 88 (20.0) <0.001
   Married 340 (64.5) 187 (35.5) 765 (66.5) 385 (33.5)
   Divorced/separated/widow 69 (46.0) 81 (54.0) 32 (54.2) 27 (45.8)
Tobacco use status 
   No 493 (67.6) 236 (32.4) 0.699 927 (70.4) 390 (29.6) 0.200
   Yes 103 (66.0) 53 (34.0) 221 (66.8) 110 (33.2)
Alcohol consumption status
   No 588 (67.1) 288 (32.9) 0.296 899 (70.8) 371 (29.2) 0.060
   Yes 6 (85.7) 1 (14.3) 243 (65.7) 127 (34.3)
Cholesterol status 
   No 435 (75.7) 140 (24.3) <0.001 995 (71.6) 394 (28.4) <0.001
   Yes 161 (51.9) 149 (48.1) 153 (59.1) 106 (40.9)
Diabetes status 
   No 509 (79.5) 131 (20.5) <0.001 1,007 (76.3) 312 (23.7) <0.001
   Yes 87 (35.5) 158 (64.5) 141 (42.9) 188 (57.1)

Values are presented as number (%).
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Multiple binary logistic regression analyses were performed us-
ing the enter method, wherein all significant predictors of hyper-
tension in the bivariate analyses were entered in a single step with 
the primary outcome of hypertension status (yes/no). The risk score 
for this study was calculated in 2 stages: First, a score was comput-
ed by multiplying the regression coefficients by 10 and rounding 
to the nearest integer for each significant variable in the multiple 
logistic regression analysis. Second, the risk score for an individual 
was calculated by adding the scores for each risk model variable. 
The estimated risk score was evaluated using a receiver operating 
characteristic (ROC) curve and the area under the curve (AUC) 

to derive a population cut-off based on optimising the sum of sen-
sitivity and specificity. The data analysis was performed with IBM 
SPSS version 26 (IBM Corp., Armonk, NY, USA). 

Reporting followed the STROBE (Strengthening the Reporting 
of Observational Studies in Epidemiology) statement for cross-
sectional studies.

Ethics statement
The Dubai Scientific Research Ethics Committee, Dubai Health 

Authority, approved this study (DSREC-GL03-2021). A signed 
informed consent form was obtained from all participants.

Table 2. Binary logistic regression models for the Emirati cohort and non-Emirati cohort and their performance 

Variables
Emirati cohort Non-Emirati cohort Combined cohort 

β-coefficient OR (95% CI) Score β-coefficient OR (95% CI) Score β-coefficient OR (95% CI) Score

Sex
   Female 1.00 (reference) 0 1.00 (reference) 0 1.00 (reference)
   Male 0.676 1.97 (1.33, 2.92) 7 0.946 2.64 (1.96, 3.55) 9 0.922 2.51 (2.01, 3.15)
   p-value    0.001 <0.001 <0.001
Age (yr)
   18-39 1.00 (reference) 0 1.00 (reference) 0 1.00 (reference)
   ≥40 0.743 3.14 (1.99, 5.00) 7 0.545 1.72 (1.33, 2.23) 7 0.666 1.95 (1.57, 2.42) 7
   p-value <0.001 <0.001 <0.001
Education level
   Below secondary 1.00 (reference) 0 1.00 (reference) 0 1.00 (reference) 0
   Secondary -0.416 0.45 (0.28, 0.72) -4 -0.317 0.73 (0.53, 1.01) 0 -0.446 0.58 (0.44, 0.75) -4
   p-value    0.001    0.057 0.002
   Tertiary -0.793 0.32 (0.19, 0.53) -8 -0.576 0.56 (0.41, 0.77) -6 -0.588 0.48 (0.37, 0.62) -6
   p-value <0.001 <0.001 <0.001
Body mass index group
   Normal 1.00 (reference) 0 1.00 (reference) 0 1.00 (reference) 0
   Overweight 0.177 1.19 (0.68, 2.08) 0 0.465 1.19 (0.68, 2.08) 5 0.380 1.46 (1.14, 1.88) 4
   p-value    0.535    0.001    0.003
   Obese 1.113 3.12 (1.84, 5.27) 11 1.234 3.12 (1.84, 5.27) 12 1.137 3.12 (2.39, 4.04) 11
   p-value <0.001 <0.001 <0.001
Dyslipidaemia status
   No 1.00 (reference) 0 1.00 (reference) 0 1.00 (reference) 0
   Yes 0.647 1.92 (1.30, 2.84) 6 0.520 1.92 (1.30, 2.84) 5 0.480 1.62 (1.27, 2.06) 5
   p-value    0.001    0.001 <0.001
Diabetes status 
   No 1.00 (reference) 0 1.00 (reference) 0 1.00 (reference) 0
   Yes 1.131 3.16 (2.09, 4.79) 11 0.997 3.16 (2.09, 4.79) 10 1.077 2.93 (2.33, 3.70) 11
   p-value <0.001 <0.001 <0.001
Cut-off score ≥25 ≥25 ≥25
Model performance
   AUC 0.83 (0.80, 0.87) 0.74 (0.72, 0.77) 0.77 (0.75, 0.79)
   Sensitivity 85.0 (76.5, 91.4) 80.0 (70.8, 87.3) 81.0 (71.9, 88.2)
   Specificity 67.0 (56.9, 76.1) 54.0 (43.7, 64.0) 56.0 (45.7, 65.9)
   PPV 52.5 (45.2, 59.6) 42.7 (37.1, 48.5) 44.1 (38.3, 50.1)
   NPV 91.3 (86.5, 94.4) 86.3 (80.4, 90.7) 87.3 (81.6, 91.4)

CI, confidence interval; AUC, area under the curve; NPV, negative predictive value; PPV, positive predictive value.
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RESULTS 

There were 3,000 eligible subjects who participated in the study, 
of whom 2,533 (84.4%) had complete blood pressure data (Figure 1). 
Of the 2,533 study participants, 1,503 (59.3%) were male. The 
mean age of the entire sample was 40.8± 14.3 years old. Table 1 
shows the characteristics of the study participants stratified into 
Emirati and non-Emirati groups and based on their hypertension 
status (yes/no). Bivariate analyses revealed variables that were sig-
nificantly associated with hypertension (p≤ 0.05). 

Tobacco use and alcohol consumption status were not statisti-
cally significantly associated with the presence of hypertension 
(p> 0.05); therefore, these were excluded from our final models. 
Physical activity status and marital status were also excluded from 
our final models after stepwise forward modelling adjustment. The 
variables included in the final logistic regression models were sex, 
age, educational level, BMI group, dyslipidaemia status, and diabe-
tes status, with the primary outcome of hypertension status (yes/
no). Three binary logistic regression models were developed in this 
study: a binary logistic regression model to explore the factors as-
sociated with hypertension on the Emirati cohort; another model 
for the non-Emirati cohort and a combined model for both the 
Emirati and non-Emirati cohorts (Table 2). Being male (odds ra-
tio [OR], 2.51; 95% confidence interval [CI], 2.01 to 3.15), over  
40 years old (OR, 1.95; 95% CI, 1.57 to 2.42), or obese (OR, 3.12; 
95% CI, 2.39 to 4.04) and having dyslipidaemia (OR, 1.62; 95% 
CI, 1.27 to 2.06), or diabetes (OR, 2.93; 95% CI, 2.33 to 3.70) were 
significant positive predictors of hypertension. Secondary educa-
tion (OR, 0.58; 95% CI, 0.44 to 0.75) and tertiary education (OR, 
0.48; 95% CI, 0.37 to 0.62) were significant negative predictors of 
hypertension (Table 2). 

Model validation and performance 
Internal validation of the model was performed on the 2019 

DHHS data. The data were split into 2 cohorts: Emirati and non-
Emirati. Three regression models were developed for the 2 cohorts 
and the combined data (Table 2). The regression beta coefficient 
values obtained from the Emirati and non-Emirati models were 
highly similar to those of the combined model. 

Table 2 also shows the performance characteristics of the 3 
models. The Emirati model showed an excellent ability to dis-
criminate between those with normal blood pressure and hyper-
tension, with an AUC of 0.83 (Figure 2A), while the non-Emirati 
model showed an acceptable discrimination ability, with an AUC 
of 0.74 (Figure 2B), similar to the combined model, which had an 
AUC of 0.77 (Figure 2C). A cut-point of ≥ 25 was determined 
from the coordinates of the curve of each model in order to max-
imise the sum of sensitivity and specificity. The combined risk 
score showed an excellent sensitivity of 81% and a moderate speci-
ficity of 56% for predicting hypertension (Table 2). 

DISCUSSION 

In the current study, a risk scoring algorithm to predict individ-
uals in the UAE who are likely to develop hypertension was de-
veloped. We analytically assessed a set of factors that were identi-
fied in the literature as predictors for hypertension in order to de-
velop a simple and convenient model. The study model indicated 
that obesity, diabetes, male sex, old age, and dyslipidaemia were 
strongly associated with an increased risk of hypertension, while 
tertiary education was inversely associated with hypertension. Our 
model showed a high capability of discriminating between indi-
viduals with and without hypertension, with high sensitivity and 
moderate to fair specificity. Our findings are consistent with those 

Figure 2. Receiver-operating characteristic (ROC) curves demonstrating the hypertension risk score model’s performance in predicting 
hypertension (A) Emirati, (B) non-Emirati, and (C) combined.
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of several studies from the region and worldwide that have identi-
fied similar variables as predictors of hypertension [21-23].

The study identified a strong association between high educa-
tional attainment and a low risk of hypertension after controlling 
for possible confounders. Although the acquisition of education 
might not always translate into behavioural change, we propose 
that high educational attainment is often connected to individu-
als’ income, understanding of hypertension’s risk factors and con-
sequences, and access to prevention methods. The effect of low 
educational attainment might continue even after the development 
of hypertension, as a study from Canada in patients with hyper-
tension showed that those with low educational attainment were, 
in general, less likely to engage in lifestyle behaviours for blood 
pressure control [24,25]. 

Several studies have revealed that smoking and alcohol consump-
tion are independent predictors of hypertension [21,26,27]. Inter-
estingly, this study did not find a statistically significant association 
between hypertension and smoking or between hypertension and 
alcohol consumption in either Emirati or non-Emirati populations. 
We argue that these predictors might be under-reported in a con-
servative community like that of the UAE, particularly among fe-
males, as only 7 persons in the Emirati population in this study 
reported consuming alcohol. Furthermore, these factors might 
not be necessary for the development of hypertension, although 
they are important predictors in evaluating the risk of cardiovas-
cular diseases [13]. 

Our combined model showed a high discrimination ability be-
tween individuals with and without hypertension, with an AUC 
of 0.77, which is similar to that in the Framingham Study model 
(0.78) [14], a Korean model (0.79) [12] and a Taiwanese model 
(0.73) [15]. Our Emirati model, however, showed a better dis-
crimination, with an AUC of 0.83. Furthermore, the Emirati 
model explained 40.4% of the variability in predicting hyperten-
sion, while the non-Emirati model explained 22.0% of the varia-
bility and the combined model explained 26.0%. These differenc-
es in performance and explained variability between our models 
could be due to heterogeneity among non-Emirati respondents, 
who might have different predictors related to their ethnicities. In 
addition, the percentages of explained variability indicate that 
there are other influential predictors of hypertension, such as a 
family history of hypertension and dietary intake, that were not 
captured by the current study. 

From a preventive medicine perspective, this scoring model 
can be used in Dubai by health professionals in clinical settings to 
provide targeted lifestyle counselling for people with normal blood 
pressure about their predicted risk of developing hypertension and 
discuss with them appropriate preventive measures. This study 
identified educational attainment as an important protective fac-
tor. Hypertension is a silent disease and is usually asymptomatic; 
thus, people with low educational attainment might not be fully 
aware of its risk factors and consequences. Clinicians should pro-
vide people with high predictable risk scores with appropriate 
preventive strategies, including health education and weight, dia-

betes, and dyslipidaemia control. Furthermore, the model can 
also be used as an initial screening tool to identify people at high 
risk of having undiagnosed hypertension. 

The strength of this study was using 2 large, community-based, 
heterogeneous cohorts (Emirati and non-Emirati) to validate the 
prediction model, which showed a high capability of discriminat-
ing between those with and without hypertension. Moreover, this 
study reported the screening characteristics of the developed mod-
els, including sensitivity, specificity, positive predictive value, and 
negative predictive value, which to our knowledge were not re-
ported in previously published studies [12,13,15].

There were some limitations to this study, including that tem-
porality between the predictors and hypertension cannot be es-
tablished due to its cross-sectional design. Furthermore, the study 
data were not specifically collected for risk modelling purposes; as 
a result, some important demographic predictors, such as a family 
history of hypertension and dietary intake, were not assessed in 
this study. In addition, the study is based on data from residents 
of Dubai, who might not be representative of the entire UAE pop-
ulation. 

In conclusion, this study developed a risk score model that is 
unique and suitable to predict the risk of developing hypertension 
for Emirati and non-Emirati populations living in Dubai in the 
UAE. It offers a simple and convenient tool based on readily avail-
able demographic and medical characteristics that can easily be 
used in clinical settings. This risk score model could support ini-
tial hypertension screening and provide an effective tool for tar-
geted lifestyle counselling and prevention programs. Clinicians 
should provide people with high risk scores with appropriate pre-
ventive strategies, including health education and weight, diabe-
tes, and dyslipidaemia control. We recommend conducting a pro-
spective study that would include all emirates in the UAE to en-
sure generalisability, with the collection of additional predictors of 
hypertension and the inclusion of measurements taken over time. 
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