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ABSTRACT
Introduction/Objective: Prehypertension (defned as systolic pressure of 120–139mmHg or diastolic pressure of 80–89mmHg)
may impose a substantial burden and future public health challenge. Prehypertension is associated with a high risk of progression
to hypertension and subsequent cardiovascular complications, with a 40% fve-years progression rate. In those people, lowering
blood pressure helps prevent progression to frank hypertension and subsequent target organ damage. In Iraq, the prevalence of
hypertension is about 35.6%, and the blood pressure in one-third was uncontrolled. To our knowledge, there are no studies
addressing prehypertension in Iraq. This study aimed to assess the prevalence of prehypertension among adults in Baghdad/Iraq.
Methods: This cross-sectional study enrolled 424 adults (18 years old and above) recruited from randomly selected primary
healthcare centers distributed throughout the city of Baghdad (capital of Iraq) using a multistage sampling technique. Blood
pressure was measured (two readings were taken 10-min apart, and the mean value for both systolic and diastolic readings was
calculated in millimeters of mercury). Those with a history of hypertension, on antihypertensive treatment or pregnant women
were excluded from the study.
Results: The prevalence of prehypertension was 31.0%. There was a signifcant diference in the preHTN group between normal
and high waist circumference (32.1% vs. 49.0%, p= 0.04). Predicted mean blood pressure was signifcantly correlated with both
body mass index and waist circumference (p< 0.001, R-squared = 0.03). The adjusted multiple logistic regression model shows
a signifcant association of prehypertension with male sex (OR= 2.72, CI = 1.65 to 6.41), high fasting glucose, and high
cholesterol level.
Conclusions: Prehypertension (as well as risk factors) is highly prevalent among Iraqi adults. Targeted screening programs,
lifestyle modifcations, and more focus are needed.

1 | Background

Prehypertension (PreHTN), an intermediate stage between normal
blood pressure and hypertension (HTN), is defned as a systolic
blood pressure of 130–139mm of mercury (mmHg) and/or a di-
astolic blood pressure of 80–89mmHg [1]. PreHTN and HTN
present signifcant clinical and public health challenges in both

developing and developed nations. They are associated with sub-
clinical atherosclerosis, target organ damage, and a 10% absolute
risk of cardiovascular disease (CVD) over 10 years for middle-aged
adults without diabetes mellitus or CVD, rising to 40% for middle-
aged and older individuals with either or both comorbidities [2].
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PreHTN afects approximately 25%–50% of adults globally.
However, due to its silent nature, the prevalence is under-
reported, particularly in low- and middle-income countries [3]. It
increases the risks of progression to HTN, cognitive function
impairment, increased left ventricular mass, risk of end-stage
renal disease, and arteriosclerosis [4]. Among young adults
worldwide, the incidence of preHTN ranges from 37.5% to
77.1% [5].

Time is a critical factor in addressing silent conditions such as
preHTN, which are linked to progressive arteriosclerosis and
a host of cardiovascular complications arising from uncontrolled
elevated blood pressure [6]. Compared to normal blood pressure,
PreHTN carries a higher risk of progression to HTN and car-
diovascular events, with a 5-year progression rate of 40%. Life-
style modifcations in individuals with PreHTN can signifcantly
reduce blood pressure, preventing progression to HTN and
mitigating target organ damage and CVD risk [7].

In Iraq, the prevalence of HTN is reported to be 35.6%, with one-
third of cases uncontrolled. In addition, the prevalence of risk
factors for noncommunicable diseases is alarmingly high [8].
However, to the best of our knowledge, no studies have been
conducted addressing the prevalence of PreHTN in Iraq.

2 | Objectives

This study aimed to estimate the prevalence of PreHTN among
adults in Baghdad, Iraq, and to assess some sociodemographic
characteristics and risk factors in this population.

3 | Methods

3.1 | Study Setting, Study Design, and Study
Participants

This is a cross-sectional study conducted in the capital city of
Iraq, Baghdad, for a period of three months starting from Feb-
ruary 2024. Using a multistage sampling technique, the study
participants were recruited from randomly selected primary
healthcare centers that were dispersed equally over the whole
city. The sample size was calculated using the single-proportion
formula, and 10% were added as a nonresponse rate, yielding
a total sample of 424 participants. The study included all adults
(aged more than 18 years) with no self-reported history of HTN
on antihypertensive treatment or pregnant women. Participants
were directly interviewed, and the needed demographic char-
acteristics were flled in a specifcally constructed questionnaire.
Demographic characteristics included age, sex, marital status,
education, occupation, smoking history, alcohol intake, and past
medical history.

3.2 | Study Variables

Weight and height were measured to calculate body mass index
(BMI) (kg/m2) and waist circumference (WC), which were used
as determinants of abdominal obesity and were measured
according to WHO criteria [9]. Blood pressure was measured
(two readings were taken 10-min apart, and the mean value for
both systolic and diastolic readings was calculated in millimeters
of mercury) according to the international recommendations

[10]. PreHTN was defned as systolic pressure of 120–139mmHg
or diastolic pressure of 80–89mmHg [11]. Blood was drawn
(2mL) to measure blood sugar, total cholesterol, triglycerides,
and complete blood count.

3.3 | Statistical Analysis

Data were analyzed using SPSS Version 26. Mean� standard
deviation was used to present continuous variables, and an in-
dependent t-test was used to compare the mean diferences
between groups. Categorical variables were expressed as counts
and frequencies, and the chi-square test was used to test the
association between groups. A binary logistic regression model
was used to test the association of independent variables with the
outcome variable (preHTN or not); WC and TG were excluded
from themodel as there was no linear relationship foundwith the
outcome. The Pearson correlation coefcient was used to eval-
uate the association between BMI and WC in both males and
females. Multiple linear correlation was used to predict mean
blood pressure by WC and BMI. A p value less than 0.05 was
considered statistically signifcant.

4 | Results

Fifty-three participants were found to be hypertensive and were
excluded from the study. The prevalence of preHTN was 31.0%
(Figure 1).

Table 1: Of the study participants (n= 371), the mean age was
42.9� 13.5 (range 20–70 years), and 57.7% were females. The
mean BMI and WC were 27.6� 4.7 and 87.8� 13.8, respectively.

In the preHTN group (n= 115), the mean age was 45.5� 13.6
(range 21–70 years), and 59.1% were males. The mean BMI was
28.8� 4.7, and the mean WC was 93.3� 13.4 cm. The mean age
of the preHTN groupwas signifcantly higher (p= 0.02), while no
signifcant association was found in diferent age classes between
the two groups (p= 0.13). There was a signifcant diference in
sex between the two groups (p< 0.001).

People with preHTN were signifcantly diferent in the mean of
most parameters (BMI, WC, FBG, cholesterol, TG, smoking, and
diabetes) than those with normal BP.

No signifcant association was found with marital status and
education level.

Table 2: Regarding WC cutof points for risk of metabolic
complications, there was a signifcant diference in the preHTN
group between normal and high WC (32.1% vs 49.0%, p= 0.04).
This signifcant association was also found in females (32.1% vs.
49.0%, p= 0.002).

Table 3: Multiple logistic regression analyses were performed to
assess the association between the study groups' outcome
(preHTN or not), sociodemographic characteristics, and an-
thropometric measurements. First, separate models for each
independent variable of interest were analyzed. Thereafter,
variables included in an adjusted model, except for WC and TG,
were excluded as there was no linear relationship found with the
outcome. Alcohol was also eliminated from the adjusted model
as the validity of self-reported alcohol intake was considered
uncertain.
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The adjusted regression model shows a signifcant association of
preHTN with sex (being male), high FBG, cholesterol, non-
employment and, being employed.

Figure 2: Higher rates of preHTN in the active age group (30–60)
and then a decline, which may represent conversion to
frank HTN.

Figure 3: Predicted mean BP was signifcantly correlated with
predicted values of both BMI and WC (p< 0.001, R2 = 0.03).

Figure 4 shows a signifcant good correlation between BMI and
WC (r= 0.45, p< 0.001).

5 | Discussion

Addressing all aspects of human health, particularly conditions
that are asymptomatic or have hidden pathophysiology, is es-
sential in healthcare research. Such conditions can lead to ad-
verse efects if left unrecognized. Studying the prevalence of these
conditions, in addition to being a fundamental epidemiological
concept, provides valuable data with a signifcant impact on
healthcare systems. The prevalence of preHTN and HTN is ex-
pected to rise in the upcoming years, with the connections to
numerous other cardiovascular and noncardiovascular health
conditions, diferent treatment options, management protocols,
and prevention strategies, which places a signifcant pressure on
the health system [12]. This growing burden emphasizes the
importance of continued research and monitoring trends.
PreHTN should be considered as a valuable tool in predicting
cardiovascular health and implementing preventive strategies, as
it is possible to restore normal blood pressure with diet and
lifestyle modifcations.

In this study, 31% of the population was identifed as having
preHTN, aligning with global prevalence reported in other
studies ranging from 22% to 38% [13, 14]. In neighboring
countries, a 2022 study showed that the prevalence of preHT
among Turkish adolescents was 11.2% [15], while in Kuwait, it
was 39.5% among college students [16].

31%

69%

Prehypertension
Normal

FIGURE 1 | Prevalence of preHTN.

TABLE 1 | Characteristics of the study population.

Variables Overall Prehypertension Normal p value

N 371 115 256

Age (years) 42.9� 13.5 45.5� 13.6 41.8� 13.4 p= 0.02

20–44 205 (55.3%) 51 (24.9%) 154 (75.1%)
p= 0.01

45–70 166 (44.7%) 64 (38.6%) 102 (61.4%)

Sex

Female 214 (57.7%) 47 (22.0%) 167 (78.0%) p< 0.001

Male 157 (42.3%) 68 (43.3%) 89 (56.7%) p< 0.001

BMI (kg/m2) 27.5� 4.7 28.8� 4.7 26.9� 4.6 p< 0.001

Normal 116 (31.3%) 29 (25.0%) 87 (75.0%)

p= 0.04Overweight 154 (41.5%) 45 (29.2%) 109 (70.8%)

Obese 101 (27.2%) 41 (40.6%) 60 (59.4%)

Waist circumference (cm)

Female 83.6� 11.4 89.3� 10.0 82.0� 11.3 p< 0.001

Male 97.2� 13.3 99.8� 12.3 95.3� 13.8 p= 0.03

Average SBP (mmHg) 121.6� 11.3 130.0� 9.1 117.9� 10.1 p< 0.001

Average DBP (mmHg) 78.1� 8.5 82.5� 6.8 76.2� 8.5 p< 0.001

FBG (mg/dL) 111.7� 39.1 118.5� 37.5 108.7� 39.5 p= 0.02

Cholesterol (mg/dL) 193.2� 39.7 203.8� 43.4 188.4� 37.0 p= 0.001

TG (mg/dL) 159.6� 62.3 186.7� 70.0 147.5� 54.3 p< 0.001

Diabetes 101 (27.2%) 41 (40.6%) 60 (59.4%) p= 0.02

Alcohol 30 (8.1%) 10 (33.3%) 20 (66.7%) p= 0.80
(Continues)
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Rahut DB et al. studied the prevalence of preHTN among adults
(18–49 years) of South Asia and concluded that about one-third
of the study population had preHTN. In addition, a higher
preHTN to HTN ratio is observed [17].

In this study,WCwas signifcantly higher in the preHTN group and
in both sexes. Furthermore, a signifcant association between WC
cutof points for metabolic complications was also noted for both
sexes with the preHTN group. This fnding is also supported by
a cohort study conducted onUS adults [18]. In another cohort study
performed byQin P et al.,WC incrementwas regarded as a predictor
for the progression from preHTN to HTN [19] (Figure 3).

Generally, there are two important metrics with a determined
optimal range of body weight normality for sex and age: BMI
and WC. Both measures are related to human cardiovascular
health and metabolic status. BMI combines weight and height
to assess body fat and potential health risks, while WC is
specifcally related to abdominal obesity. WC is one of the
clinical parameters related to blood pressure, BMI, on the
other hand, is also related but to a less specifc degree when
compared to WC as its value does not directly refect the
central obesity nor it specifes the fat mass as both play a role
in cardiometabolic risk prediction and signify a poor prog-
nosis [20] (Figure 4).

Waist-to-hip ratio is another measure of central adiposity, which
also correlates with cardiovascular risk. However, WC is still the

measure most closely associated with abdominal fat mass and,
consequently, cardiovascular risk [21].

Analysis and comparison between both sexes showed that the
relationship between WC and preHTN is more evident in males;
this fact may be attributed to several gender related biological
and metabolic factors. A study showed that a higher WC in
normal-BMI men with coronary artery disease is associated with
more severe coronary artery injury and higher one-year read-
mission rates, while this relationship is absent in women [22].

Themultiple logistic model showed that male sex is a predictor of
preHTN. This is in agreement with other studies [23, 24].
However, some researchers suggest varying gender disparities
due to diferences in androgen levels between biological males
and females [25].

This study's results confrmed the direct relationship between
obesity (indicated by high BMI) and high blood pressure as well
as other indicators of metabolic syndrome such as high cho-
lesterol and high FBG. Adipose tissue, especially in the ab-
dominal area, secretes infammatory cytokines that can lead to
endothelial dysfunction and increased arterial stifness, thus
raising blood pressure.

Visceral adiposity also contributes in another way to the process, as
studies have shown that the accumulation of fat around the kidneys
raises the intra-abdominal and intra-renal pressures, disturbing
renal regulation, which is related to the direct physiological re-
lationship between renin–angiotensin–aldosterone system (RAAS)
and high blood pressure [26].

Higher hemoglobin (Hb) and hematocrit levels showed a positive
association with preHTN, falling within the normal reference
range for both sexes. Studies have shown that increased levels of
these indicators are associated with vasoconstriction and the
subsequent elevation of the systolic and diastolic blood pressures
[27]. This positive correlation has been reported by other studies
for both HTN itself and preHTN in otherwise healthy individuals
[28, 29].

TABLE 1 | (Continued)

Variables Overall Prehypertension Normal p value

Smoking

p= 0.03
Yes 114 (30.7%) 41 (36.0% 73 (64.0%)

No 230 (62.0%) 61 (26.5%) 169 (73.5%)

Ex-smoker 27 (7.3%) 13 (48.1%) 14 (51.9%)

Marital status

p= 0.36
Unmarried 53 (14.3%) 12 (22.6%) 41 (77.4%)

Currently married 254 (68.5%) 82 (32.3%) 172 (67.7%)

Divorced or widow 64 (17.3%) 21 (32.8%) 43 (67.2%)

Education

p= 0.73Illiterate 51 (13.7%) 18 (35.3%) 33 (64.7%)

Secondary and less 232 (62.5%) 69 (29.7%) 163 (70.3%)

Higher education 88 (23.7%) 28 (31.8%) 60 (68.2%)

Occupation

p= 0.02
Employed 198 (53.3%) 74 (37.4%) 124 (76.5%)

Non 136 (36.7%) 32 (23.5%) 104 (40.6.8%)

Retired 37 (10.0%) 9 (24.3%) 28 (75.7%)

Note: Bold values indicate statistically signifcant diferences (p < 0.05) between the prehypertension and normal groups.

TABLE 2 | Waist circumference cutof points of the study population
for metabolic complications.

Variable Prehypertension Normal p value

Male Normal 17 (32.1%) 36 (67.9%) p= 0.04≥ 94 cm 51 (49.0%) 53 (51.0%)

Female Normal 8 (10.3%) 70 (89.7%) p= 0.002∗≥ 80 cm 39 (28.7%) 97 (71.3%)
Note: Bold values indicate statistically signifcant diferences (p < 0.05) between the
prehypertension and normal groups.
∗Fisher’s exact test.
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The majority of preHTN cases afect individuals aged between
30 and 50 years old. However, preHTN was seen among all
these study age groups (Figure 2). Looking at the statistics from
another study conducted on the adolescent group, 16.8% of
them were shown to have preHTN [30]. Seemingly, the age
range afected by preHTN is expanding, and although this
expansion may be attributed to recent increased focus and
surveillance, it revealed much about the current health status
and actual steps that should be taken by healthcare facilities.
preHTN shares the same risk factors in adolescents as in adults,
among them, high BMI is the most important risk factor for this
age group [31, 32].

In individuals diagnosed with Type 2 diabetes (T2DM), lower
systolic and diastolic blood pressures are favorable, along with
early initiation of treatment for any elevation in blood pres-
sure above 130/80 mm·Hg. Therefore, diabetic preHTN is

defned as systolic BP of 110–129 mmHg and/or diastolic BP of
70–79 mmHg [33]. Nondiabetic preHTN is considered HTN in
T2DM, requiring treatment with antihypertensive medica-
tions. These guidelines were developed following the estab-
lished association between intensive blood pressure control
and a reduced risk of stroke and other macro- and micro-
vascular complications associated with T2DM [34]. Another
study suggested initial management with 3-months of lifestyle
changes prior to the initiation of pharmacological therapy in
diabetic PreHTN individuals [35]. It is worth noting that the
above defnitions also apply to PreHTN individuals with
metabolic syndrome [36].

In this study, a statistically signifcant inverse relationship
between preHTN and smoking was observed. Smoking is
a traditional risk factor for HTN in the literature. However,
the relationship between smoking and blood pressure seems

TABLE 3 | Multiple logistic regression to assess the association between study groups and participants’ characteristics (n= 371).

Variables
Univariate Adjusted model

OR 95% CI p value OR 95% CI p value
Age 1.02 1.00 to 1.03 0.02 1.02 0.99 to 1.04 0.20
Sex
Female ref
Male 2.72 1.72 to 4.23 < 0.001 3.25 1.65 to 6.41 0.001

BMI class
Normal ref
Overweight 1.24 0.72 to 2.14 0.44 1.08 0.59 to 1.98 0.80
Obese 2.05 1.15 to 3.66 0.02 1.80 0.92 to 3.51 0.08

FBG (mg/dL) 1.01 1.00 to 1.01 0.03 1.01 1.00 to 1.01 0.04
Cholesterol (mg/dL) 1.01 1.00 to 1.02 0.001 1.01 1.00 to 1.01 0.02
Diabetes
No ref
Yes 1.81 1.12 to 2.92 0.02 1.44 0.81 to 2.58 0.22

Smoking
No ref
Yes 1.56 0.96 to 2.52 0.72 0.89 0.48 to 1.65 0.72
Ex-smoker 2.57 1.12 to 5.78 0.22 1.61 0.58 to 4.49 0.36

Marital status
Unmarried ref
Currently married 1.63 0.81 to 3.26 0.17 1.01 0.46 to 2.25 0.98
Divorced or widow 1.67 0.73 to 3.82 0.23 1.85 0.72 to 4.77 0.20

Education
Illiterate ref
Secondary or less 0.78 0.41 to 1.47 0.45 0.87 0.45 to 1.97 0.87
Higher education 0.86 0.41 to 1.77 0.68 0.94 0.41 to 2.14 0.87

Occupation
Retired ref
Nonemployed 0.96 0.41 to 2.24 0.92 3.49 1.17 to 10.38 0.03
Employed 1.32 0.83 to 4.15 0.13 4.28 1.54 to 11.95 0.005

Note: Bold values indicate statistically signifcant results at the threshold of p < 0.05.
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complicated; many studies showed diferent opinions and
physiological explanations. Factors such as the BP-lowering
efect of nicotine or the efect of smoking on lipid profle, with
the possibility of subsequent atherosclerosis, explain the low
or high blood pressure in smokers, respectively. Furthermore,
there is a group of smokers whose blood pressure shows no
alteration with smoking [37, 38]. It is worth noting that these

results related to smoking (and alcohol) are in alignment with
other studies conducted in Iraq and were always explained by
cultural and religious self-underreporting of these
factors [39].

Of the study limitations, as for any cross-sectional study, con-
clusions and inferences cannot bemade; some sociodemographic
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characteristics were self-reported, and the study was limited to
one city of the country. Nevertheless, the study settings and
population coverage can allow generalization of the results.

6 | Conclusion

PreHTN is prevalent among Iraqi adults with a high frequency of
metabolic risk factors. Addressing lifestyle modifcations,
screening programs, community engagement, and education and
encouraging public health initiatives can mitigate the progres-
sion to HTN and reduce future complications.
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