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ABSTRACT  

Background: Data on prehypertension in young adults are 

lacking, and little is known on the risk factors for 

prehypertension and their association with other CVD risk 

factors. It is presently unclear whether the increased risk of 

CVD among prehypertensive subjects is wholly related to 

increased BP or whether it can be attributed to a deleterious 

CVD risk factor profile. 

Objectives: To determine the prevalence of prehypertension 

and its associated factors among male medical students of 

Umm Al-Qura university in Makkah, 2013. 

Subjects and Methods: This was an analytical cross-sectional 

study included a representative male students (grades 4th, 5th 

and 6th), College of Medicine, Umm Al-Qura University, 

Makkah. A stratified random sampling technique with 

proportional allocation method was applied to select the Fe. A 

modified validated World Health Organization Stepwise 

approach to Surveillance (WHOSTEPS) instrument for 

collecting data on non-communicable diseases risk factors was 

used for data collection. Weight, height and waist 

circumference measurements were obtained. Blood pressure 

measurements were taken following JNC 7 recommendations 

for accurate blood pressure measurement using a digital 

sphygmomanometer which was calibrated on August, 2013. 

Results: Response rate of 91.3% has been obtained. The 

study included 136 senior medical students. Their age was less 

than 21 years among a quarter of them while it ranged 

between 21 and 24 among 35.3% of them while it was over 24 

years among the remaining 39.7% of them. They almost 

equally distributed between the three clinical years 4 th, 5th and 

6th.  Majority of them (94.9%) were Saudi and singles (91.9%). 

The prevalence of prehypertension according to JNC7 criteria 

was 23.5% while that of hypertension was 3.7%. Multivariate 

logistic regression analysis revealed students who consumed 

more  than  6 units of  vegetables were at  lower significant risk  

 

 
 

 
for prehypertension (Adjusted OR=0.04; 95%CI:0.01-0.93). 

Considering normal students as a reference category, obese 

students were at almost eleven folded increased risk for 

prehypertension (Adjusted OR=10.81; 95%CI: 3.94-32.01). 

Compared to  students with waist circumference less than 102 

cm, students with waist circumference of 102 cm or more were 

at almost fourteen folded increased risk for prehypertension 

(Adjusted OR=14.01; 95%CI: 6.11-42.15). Students whose 

mothers were university graduated or above were at significant 

increased risk for prehypertension as opposed to those whose 

mothers were illiterate or just able to read and write (Adjusted 

OR=3.76; 95%CI: 1.24-13.77). 

Conclusion: Our results indicate that prehypertension is 

common among senior medical students, Umm Al-Qura 

University, Makkah Al-Mokarramahand is related to being 

obese, having central obesity, low vegetable consumer and 

having highly educated mothers. 
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INTRODUCTION 

Hypertension (HTN) is a major public health problem worldwide 

associated with high morbidity and mortality rates.1 The majority of 

cases are asymptomatic and, therefore, go unrecognized and 

untreated, leading to a high risk of coronary artery disease, heart 

failure, renal failure, and cerebrovascular disease (CVD).2-4  

Evidence shows that the number of death and disability cases 

resulting from coronary heart disease and cerebrovascular 

disease is increasing rapidly in developing countries and are 

expected to rank as number one and four, respectively, as the 

major causes of the global burden of disease by the year 2020.5,6  

http://www.ijmrp.com/
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Primary prevention, with a focus on reducing avoidable risk 

factors, is the most cost-effective approach to containing this 

emerging epidemic.7 Recently, hypertension was identified as the 

most common risk factor for coronary heart disease events.8 It 

also represents the single greatest preventable cause of death in 

humans.9 Prospective observational studies have suggested that 

the risk of CVD death begins at systolic/diastolic blood pressure 

(BP) 115/75 mm Hg and doubles for each increment of 20/10 mm 

Hg in a nearly linear fashion.10  

Accordingly, the Seventh Report of the Joint National Committee 

on Prevention, Detection, Evaluation and Treatment of High Blood 

Pressure (JNC7) introduced a new category, “prehypertension”, 

defined as systolic BP of 120–139 mmHg and/or a diastolic BP of 

80–89 mmHg, replacing former categories of “above optimal” and 

“high normal”.11  

Long-term follow-up of patients destined to develop essential 

(primary) hypertension demonstrates that blood pressure (BP) 

readings gradually increase over time. They may initially be 

normal, then prehypertensive, and then intermittently elevated.11  

The National Health and Nutrition Examination Survey (NHANES) 

1999-2000 reported that the overall prevalence of prehypertension 

was 31% all over the world, which was higher in men than in 

women.12 The prevalence of prehypertension is much higher than 

hypertension in the U.S. population and were 37% and 28.6%, 

respectively.13,14  

The development of hypertension was increase in the frequency in 

prehypertensive when compared to those with normal blood 

pressure.15,16 Patients with prehypertension appear to have a 

greater prevalence of traditional cardiovascular risk factors than 

those with normal blood pressures.17,18 There was also increased 

incidence of microalbuminuria, a risk factor for cardiovascular 

disease and early cardiovascular mortality, among individuals with 

prehypertension.19 Also, it was found that prehypertensive are at 

higher risk to develop type diabetes and chronic kidney 

disease.20,21  

Data on prehypertension in young adults are lacking, and little is 

known on the risk factors for prehypertension and their association 

with other CVD risk factors. It is presently unclear whether the 

increased risk of CVD among prehypertensive subjects is wholly 

related to increased BP or whether it can be attributed to a 

deleterious CVD risk factor profile.22 

This study aimed to determine the prevalence and determinants of 

prehypertension among male medical students of Umm Al-Qura 

University in Makkah, 2013. 

 

SUBJECTS AND METHODS 

A cross sectional study was carried out among male students of 

Faculty of Medicine, Umm Al-Qura University, Makkah (clinical 

years 4th, 5th, and 6th), during the academic year 2013-2014. 

Total number of students was 459 students (clinical year 4: 164 

students, clinical year five: 147students and clinical year six: 148 

students). Makkah Al-Mokarramah is the holy city for all Muslims. 

Total population in Makkah city in the last statistics at 2010 was 

around 1,675,368. Makkah has only one university called Umm Al-

Qura University in which, there is more than 60,000 

undergraduate students. 

After getting all needed permissions, academic affairs office was 

contacted to get the name lists for all male medical students of 

clinical  years (4th,  5th and 6th Academic Year).  Sample size  was 

calculated by Raosoft online website based on the following 

assumptions: the prevalence of prehypertension was17.3%,(23) 

confidence Interval was 95% and error margin was 5%. 

Accordingly, the estimated sample size was 149 students. 

Using a stratified random sampling technique with proportional 

allocation method, 53, 48 and 48 students were invited from 4th, 

5th, and sixth clinical years, respectively to participate in the 

study. Then, each student name was labeled by natural number 

(1,2,3,4…..etc). Then simple randomization was adopted on 

numbers using online random number generator:24 to select 

students from the list of all names specific to each clinical year.  

A modified validated World Health Organization Stepwise 

approach to Surveillance (WHOSTEPS) instrument for collecting 

data on non-communicable diseases risk factors was used which 

includes a questionnaire and physical measurements.25 

The questionnaire collected data on written consent for 

participation, socio-demographic details and risk factors for CVD 

(e.g. current daily tobacco smoking, moderate intensity physical 

activity hypercholesterolaemia, diabetes, hypertension and family 

history of hypertension), as well as dietary habits (e.g. frequency 

of consuming vegetables, fruits and fast food per week and type of 

fat used for cooking).  

Physical measurements were done by trained nurses. Students 

who selected randomly were classified into 3 groups according to 

their academic year. Each group was examined separately for 

around three days. Researcher visited selected students class 

during their break time, he explained the study aim and procedure 

to them, ask them to visit researcher's place during break time and 

get verbal consent to participate. If selected student was not 

present, researcher tried to meet him in the next day. By third day 

if the student cannot be found, next student in the list was taken. 

Participants were asked also to avoid caffeine, exercise, and 

smoking for at least 30 minutes prior to attendance. In 

examination place, weight, height and waist circumference of 

participants were measured initially. Then, they were asked set 

down to fulfill questionnaire and to take rest for 10 min before 

blood pressure measurements. If waist circumference was over 

102 cm, central obesity was considered. Body mass index (BMI) 

was calculated and classified according to WHO criteria into: 

normal (BMI 18.5–24.9 kg/ m2), overweight (BMI 25–29.9 kg/m2) 

and obesity (BMI ≥ 30 kg/m2). 

Blood pressure measurements were taken following JNC 7 

recommendations for accurate blood pressure measurement 

using a digital sphygmomanometer which was calibrated on 

August, 2013. With feet on the floor and the right arm was 

supported and placed on the table to be at heart level, the 

appropriate cuff size was used. Two BP measurements were 

taken while the student seated and the average was recorded. 

There was about 5-10 minutes between two measurements. 

Those on antihypertensive medication were considered as 

hypertensive. 

Blood pressure was classified according to the JNC7 criteria as 

follows:  

▪ Normal < 120 mm Hg systolic and < 80 mm Hg diastolic;  

▪ Prehypertension: 120–139mm Hg systolic or 80–89 mm Hg 

diastolic;  

▪ Hypertension: ≥ 140 mm Hg systolic or ≥ 90 mm Hg diastolic 

Ethical and administrative considerations were followed. The 

Statistical Package for Social Sciences (SPSS V.20) was used for 
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data entry and analysis. Data were presented using descriptive 

statistics in the form of frequencies and percentages for qualitative 

categorical variables, and means and standard deviations for 

quantitative variables. Analytic statistics using Chi Square tests 

(χ2) to test for the association and/or the difference between two 

categorical variables were applied. P-value equal or less than 0.05 

was considered statistically significant. 

Prehypertension was treated as dependent variable in multivariate 

logistic regression analysis. Significant variables from the 

univariate analysis were treated as independent variables.   

Multiple associations were evaluated based on the backward 

stepwise selection. This procedure allowed the estimation of the 

strength of the association between each independent variable 

while taking into account the potential confounding effects of the 

other independent variables. Each category of the predictor 

variables was contrasted with the initial category (reference 

category). The adjusted measures of association between risk 

factors and prehypertension was expressed as the odds ratio 

(OR) with 95% Confidence Interval (95% CI). Adjusted ORs with 

95% CI that did not include 1.0 were considered significant. 

 

 

Table 1: Distribution of male medical students according to their socio-demographic characteristics (n=136) 

Socio-demographic characteristics  Frequency Percentage 

Age in years 

      

 

<21 

21-24 

>24 

34 

48 

54 

25.0 

35.3 

39.7 

Clinical year 

      

 

4th 

5th 

6th 

48 

43 

45 

35.3 

31.6 

33.1 

Nationality 

 

Saudi 

Non-Saudi 

129 

7 

94.9 

5.1 

Marital status 

      

Single 

Married 

125 

11 

91.9 

8.1 

Father`s education 

 

Illiterate/read & write 

Primary/preparatory 

Secondary/diploma 

University/postgraduate 

5 

0 

17 

114 

3.7 

0.0 

12.5 

83.8 

Mother`s education 

      

 

Illiterate/read & write 

Primary/preparatory 

Secondary/diploma 

University/postgraduate 

35 

12 

14 

75 

25.7 

8.8 

10.3 

55.2 

 

 

 

Figure 1: Distribution of body mass index among medical students, Umm Al-Qura University, Makkah. 
 

57, 41.9%

40, 29.4%
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RESULTS 

Response rate of 91.3% has been obtained (136 of medical 

students responded out of 149 invited to participate). 

Table 1 presents the socio-demographic characteristics of the 

responded male medical students. Their age was less than 21 

years among a quarter of them while it ranged between 21 and 24 

among 35.3% of them while it was over 24 years among the 

remaining 39.7% of them. They almost equally distributed 

between the three clinical years 4th, 5th and 6th.  Majority of them 

(94.9%) were Saudi and singles (91.9%). Majority of them (83.8%) 

had university or above graduated fathers while more than half of 

them (55.2%) had university or above graduated mothers.  

Family history of hypertension among first degree relatives was 

reported among almost a quarter of students (27.9%). Ten 

students representing 7.4% of them reported history of 

hypercholesterolemia. Duration was 5 years or more among two 

students (20%) while it was less than 5 years in eight students 

(80%). Only three students representing 2.2% of them reported 

history of diabetes mellitus. Duration was 5 years or more among 

one student (33.3%) while it was <5 years in two students 

(66.7%). Prevalence  of active smoking among responded medical  
 

 

students was 18.4% while that of ex-smoking was 8.1%. Most of 

students (73.5%) never smoked. Regarding type of smoking, 

41.7% of smokers (active and ex) reported smoking of cigarettes 

only while the remaining smokers (58.3%) reported smoking of 

cigarettes and hookah (shisha or Mu’asel). The duration of 

smoking was five years or more among more than a third of 

smoker students (38.9%) while it was less than five years among 

the remaining 61.1%. Exactly a third of smoker students smoked 

between 5 and 20 cigarettes per day whereas 44.4% smoked 

more than 20 cigarettes per day. Among 21 students who reported 

hookah smoking, 14 (66.7%) reported hookah smoking for less 

than 5 years whereas the remaining 7 (33.3%) reported smoking 

for 5 years or more. Regarding number of smoked hookah, 66.7% 

of students reported smoking of 1-2 times/day.  

More than half of the medical students (52.2%) consumed less 

than one unit of vegetables whereas 11% of them consumed more 

than 6 units per week. Similarly, 52.2% of them consumed less 

than one unit of fruits whereas 11.8% of them consumed more 

than 6 units per week. Slightly less than half of them (47.1%) 

consumed more than 6 fast food meals per week.  

 

Figure 2: Distribution of waist circumference among medical students, Umm Al-Qura University, Makkah. 

 

Table 2: Risk factors for prehypertension among male medical students,Umm Al-Qura University, Makkah:  

Multivariate logistic regression analysis 

  Adjusted Odds ratio 95% confidence interval 

Vegetable consumption 

(times/day) 

 

<1 (n=67)a 

1-6 (n=49) 

>6 (n=15) 

1.0 

0.46 

0.04 

- 

0.19-1.12 

0.01-0.93* 

BMI 

      

 

Normal (n=57) a 

Overweight (n=37) 

Obese (n=37) 

1.0 

2.91 

10.81 

- 

0.88-10.03 

3.94-32.01* 

Waist circumference 

 

<102 cm (n=80) a 

≥102 cm (n=51) 

1.0 

14.01 

- 

6.11-42.15* 

Mother`s education 

 

Illiterate/read &write (n=35) a 

1ry/intermediate (n=12) 

2ry/diploma (n=14) 

University+ (n=70) 

1.0 

0.71 

3.02 

3.76 

- 

0.03-6.39 

0.58-15.81 

1.24-13.77* 

Here  a reference category; *p<0.05; Age, marital status, father`s education and fruit consumption were removed  

from the final logistic regression model 
 
 

 

 

80, 58.8%

56, 41.2%

<102 cm

≥102 cm
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Almost a quarter of students (24.3%) reported practicing vigorous 

physical activity. The duration of each set was more than 60 

minutes among 36.4% of them while the frequency was less than 

three days/week among most of them 84.8%. 

The prevalence of obesity among responded medical students 

was 28.7% whereas that of overweight was 29.4% as seen in 

figure 1. Waist circumference was 102 cm or more among 58.8% 

of the participants while it was less than 102 cm among 41.2% of 

them as shown in figure 2.  

As obvious from figure 3, the prevalence of prehypertension 

according to JNC7 criteria was 23.5% while that of hypertension 

was 3.7%. 

As shown from multivariate logistic regression analysis in table 2, 

compared  to  students  who  consumed   less  than  one   unit   of  

vegetables per week, those who consumed more than 6 units 

were at lower significant risk for prehypertension (Adjusted 

OR=0.04; 95%CI:0.01-0.93). Considering normal students as a 

reference category, obese students were at almost eleven folded 

increased risk for prehypertension (Adjusted OR=10.81; 95% CI: 

3.94-32.01).  

Compared to  students with waist circumference less than 102 cm, 

students with waist circumference of 102 cm or more were at 

almost fourteen folded increased risk for prehypertension 

(Adjusted OR=14.01; 95%CI: 6.11-42.15). Students whose 

mothers were university graduated or above were at significant 

increased risk for prehypertension as opposed to those whose 

mothers were illiterate or just able to read and write (Adjusted 

OR=3.76; 95%CI: 1.24-13.77). 
 

 

Figure 3: Prevalence of prehypertension and hypertension among medical students, 

Umm Al-Qura University, Makkah. 
 

DISCUSSION 

The prevalence of prehypertension varied in a very wide range 

across studies. Using the JNC-7 Report’s criteria for BP 

classification, our finding showed that the overall prevalence of 

prehypertension among senior male medical students in Umm Al-

Qura University was 23.5%, which exceeds the figure that has 

been reported by Al-Asmary, et al23 in their study conducted 

among Saudi military persons in Western Saudi Arabia (17.3%) 

whereas, it was lower than that reported among male teachers in 

Jeddah (43%).9 

In Oman, a prevalence of 54.1% has been reported among 

prediabetic Omani adults.26 In Kuwait, in a study conducted 

among students aged from 17 to 23 years, prevalence was 

39.5%.27  In South of Iran, the prevalence of prehypertension  was 

33.7% for adult men.28 Among Turkish adult men, a prevalence of 

16.8% has been reported29  while among Israeli adults; a 

prevalence of 50.6% has been published among adult males.2  In 

India,  a prevalence of 40.2% has been reported30 while in another 

Indian study conducted among young military adults, a prevalence 

of 80% has been found.31  In Tailand,32 South Korea,33 Jamaica,34 

China35 and Japan36 prehypertension prevalence were             

33%, 26.9%, 35%, 40.5% and 32% respectively. A recent      

study  conducted  in  5 Indian cities showed that the prevalence of  

 

prehypertension in Indian adult men was 30.0%.37 Results from 

the SUNSET study conducted in Europe showed that the overall 

prevalence of prehypertension was 32.8%.38 In the United States, 

the prevalence of prehypertension in an adult population 18 years 

and older was 41% in men.39 A simple meta-analysis was done to 

combine the findings of different studies using random-effects 

models found, on the basis of 20 included studies, that the overall 

prevalence of prehypertension was 36%.40 Economic 

development, changes in lifestyle and diet, and an increase in life 

expectancy may explain the rapid increase in the prevalence and 

total number of prehypertension cases reported in developing 

countries, including Saudi Arabia. 

Increased body weight is a strong risk factor for prehypertension 

as confirmed in the present study. Consequently, weight loss is 

important for the prevention and treatment of prehypertension and 

hypertension. A lot of clinical trial data documented the significant 

BP-lowering effect of weight loss. A meta-analysis of randomized 

controlled trials included twenty-five randomized, controlled trials 

(comprising 34 strata) published between 1966 and 2002 with a 

total of 4874 participants was performed to estimate the effect of 

weight reduction on blood pressure overall and in population 

subgroups in 2003. Blood pressure reductions  were −1.05 mmHg  

99, 72.8%

32, 23.5%

5, 3.7%

Normal

Prehypertension

Hypertension
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(95% CI, −1.43 to −0.66) systolic and −0.92mmHg (95% CI,−1.28 

to −0.55) diastolic when expressed per kilogram of weight loss.41 

Another meta-analysis of 24 case-control studies in China 

reported that being overweight was an important risk factor for 

hypertension, with pooled OR 1.616 (95% CI, 1.600–1.633).42 The 

consistent effect of being overweight or obese on both 

prehypertension and hypertension might indicate that these 

conditions have the same impact on BP. Although the proposed 

causes of hypertension have been discussed in many studies,43-45 

the mechanism remains uncertain. 

In this study, it was found that obese subjects were 10 folds more 

likely to develop prehypertension and increased waist 

circumference over 102 cm was significantly associated with 

increased prehypertension risk. In addition, high consumption of 

vegetables was significantly associated with reduced risk for 

prehypertension. Practicing physical exercise was not proved to 

be significantly associated with prehypertension in the current 

study. This could be due to the fact that we did not ask in details 

of physical activity as we concentrated only on vigorous physical 

activity. In controlling arterial hypertension, weight reduction has 

resulted in significant decreases.46, 47 It is reasonable to conclude 

that the same benefits apply to prehypertension. Cocco and 

Pandolfi observed that with weight reduction, there were reduced 

blood pressure, decreased cardiovascular risks, and improved 

abnormal left ventricular relaxation.41 

In regard to smoking, we found their effects on prehypertension to 

be unclear. The same finding has been reported by Zhang and 

Li.48 Some studies concluded that smoking contributes to 

hypertension,49,50  while others did not.51  The heterogeneity 

between studies may result in these uncertain outcomes. 

The significant association between higher mother`s educational 

level and increase in the prevalence of prehypertension among 

medical students was proved in the present study, even after 

controlling for other significant confounding factors in multivariate 

logistic regression analysis. This could be attributed to the fact 

that mother`s education is considered as a predictor of high socio-

economic status which usually accompanied with sedentary life 

style, no enough exercise, long sitting time, and increase social-

related stress on medical students. 

In a study conducted by Zhang and Li (2011),48 after adjustment 

for the other factors, their results showed that a controlled diet 

with low calorie and fat was associated with lower prevalence of 

prehypertension among urban adults (aOR=0.87, 95% CI: 0.81–

0.94), indicating that a healthy life style may be a good method of 

controlling high BP. In accordance with this finding, higher 

consumption of vegetables and fruits was significantly associated 

with lower risk of prehypertension in univariate analysis of risk 

factors in the present study. However, only consumption of 

vegetables was retained in the multivariate analysis.  

The JNC-7 report recommends lifestyle modifications for all 

patients with prehypertension, including losing weight, increasing 

physical activity, and adopting the Dietary Approaches to Stop 

Hypertension (DASH) eating plan.52 Patients who reported 

adopting these lifestyle modifications were found to be 6-fold more 

likely to have their hypertension under control.53  

Three main limitations of the present study should be noted.  

▪ This was a cross-sectional study, the findings cannot be 

used to establish a conclusive cause-and-effect relationship 

between the risk factors and prevalence of prehypertension.  

▪ Bovet et al. have reported that BP tends to decrease greatly 

across repeated visits on separate days, and the prevalence 

of high BP based on repeated readings at a second visit will 

estimate fairly well the true prevalence in the population.54 

However, in the present study, “prehypertension” based on 

only 1 visit (even if based on the mean of 2 readings), which 

may markedly overestimate the true prevalence of 

hypertension.  

▪ Due to limited resources and time, we did not considered 

important risk factors based on laboratory investigations as 

lipid profile and blood glucose 

In summary, prehypertension has become a major public health 

problem among Saudi young adults as almost a quarter of male 

medical students in Umm Al-Qura University are victims of it in the 

present study. This emphasizes the urgent need to develop 

strategies for preventing and treating prehypertension among this 

sector of population, not only medical students.  
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