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Abstract

Background: Many studies have documented an increased risk of the development of hypertension (HT) and subsequent 
cardiovascular diseases (CVD) in persons with prehypertension (PHT). The aim of this study was to assess the prevalence of PHT in 
Algiers, and to explore the association between PHT and established cardiovascular risk factors (CVRF). To our knowledge, this is 
the first report on this subject in our country.

Method: A cross-sectional study was conducted in primary care consultation on a sample of 1086, 18-79 years old, unknown 
hypertensive. They benefited from screening for PHT (defined by JNCVII as a systolic pressure between 120-139mmhg and a 
diastolic pressure between 80-89 mmhg) and HT (a systolic pressure ≥140 mmhg and / or a diastolic ≥90 mmhg). After completion 
of a detailed demographic and medical questionnaire (gender, age, history of diabetes mellitus, dyslipidemia and smoking). All 
participants were subjected to physical examination, anthropometric, blood lipid profile and blood glucose assessments. Odds 
ratios for associations of PHT with CVRF were obtained using logistic regression.

Results: the prevalence of PHT was 36.7%, more common in males (49.5%) than females (31.4%); it was also more important 
in the ages below 60 years. Prehypertensive patients had a sex ratio of 0.64 and an average age of 42.3 ± 13.9 years. Almost 35.8% 
of them were overweight, 31.8% were obese, 47.4% had a low physical activity, 17.3% had dyslipidemia, 13% had diabetes mellitus 
and 19.3% smoked cigarettes. Age and anthropometric values had significantly higher prevalence in the prehypertensive group 
compared to the normotensive group. Metabolic syndrome involved 25% of patients with PHT according to NCEP/ATPIII 2001 and 
36.3% according to the IDF criteria 2009. Concurrent glycoregulation disorders and PHT was prevalent at 29.3% (N=117). Logistic 
regression analysis identified male (OR = 10,118; 90% CI: 6,277-16,309; p <10-3), overweight (OR = 2,116; IC90 %: 1.21-3.7; p = 
0.009), obesity (OR = 1.614; 90% CI: 1.051-2.479; p = 0.029) and waist circumference (OR = 1.659; 90% CI: 1.054-2.609 ; p = 0.029) 
as the main determinants of PHT in our population.

Conclusion: Our study highlights the need for systematic monitoring of blood pressure in overweight subjects. The benefit of 
weight loss in the management of PHT seems more important than ever to reduce the cardiovascular risk of these new patients.
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Background
High blood pressure affects almost a third of the world’s 

population. It is a major public health problem in industrialized 
countries, but also in emerging countries such as Algeria. Its 
prevalence in our country varies from 25 to 45% depending on  

 
the region, and the national average was 23.6% in 2018 [1]. Since 
several years, studies have shown that patients with systolic blood 
pressures at 120-139 mmHg and / or diastolic blood pressures at 
80-89 mmHg had an increased risk of developing hypertension 
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(HT) with all that would imply as cardiovascular morbidity and 
mortality. This was initially demonstrated in the Framingham study 
by Vasan and al [2] who assessed the 4 year rate of progression 
from prehypertension (PHT) to HT at 17.6% for normal BP (systolic 
pressures at 120-129 mmHg and / or diastolic pressures at 80-84 
mmHg) and 37.3% for high normal blood pressure (BP) (systolic 
pressures at 130-139 mmHg and / or diastolic pressures at 85-89 
mmHg) in subjects aged less than 65 years. In Europe, Zhang et al 
[3] shown in the Flemish study that the 4-year rate of progression 
from PHT to HT, in subjects aged less than 50 years, were 17.9% for 
normal BP and 24.5% for high normal BP. These figures increased 
to 26.3% and 54% respectively from the age of 50. The concept 
of PHT was first introduced in official recommendations in 2003, 
in the Seventh Report of the Joint National Committee (JNC7) on 
Prevention, Detection, Evaluation and Treatment of High Blood 
pressure [4], while in Europe, experts continue to consider PHT in 
two distinct categories, namely normal BP and high normal BP [5]. 
By identifying this new blood pressure category, it was pointed out 
that a pressure within the upper limits of the norm is associated 
with an increased cardiovascular risk, and that it is already 
necessary at this stage to implement preventive measures. based on 
changes in lifestyle. If the increased prevalence of PHT is observed 
and well documented in many countries, it is still not in Algeria. 
To our knowledge, this is the first publication which estimates the 
prevalence of PHT in Algiers and evaluates its relationship with 
other cardiovascular risk factors (CVRF).

Method Study Population
The present investigation adopted a cross-sectional design 

protocol. The population studied was recruited at the general 
practice consultation over one year (2015/2016). We excluded 
known hypertensive patients, treated or not, those undergoing 
treatment that could modify their blood pressure figures and 
pregnant women. The final sample consisted of 1086 subjects who 
answered a demographic and a detailed medical questionnaire.

Physical Examination
All subjects benefited from height, weight, and waist 

circumference measurements. Body mass index (BMI) was 
calculated as weight (in kilograms) divided by height (in meters) 
squared. A BMI of 20-24.9 kg/m2 was considered normal, a BMI 
of 25-29.9 kg/m2 as overweight and a BMI ≥ 30 kg/m2 as obese. 
Android obesity was defined according to the International Diabetes 
Federation (IDF) [6] (waist circumference ≥ 80 cm for women and 
≥ 94 cm for men) and the National Cholesterol Education Program 
Adult Treatment Panel III (NCEP/ATPIII) [7]. (waist circumference 
≥ 88 cm for women and ≥ 102 cm for men). Based on European 
recommendations [5], blood pressure was taken after a rest of 
at least 5 minutes. Two BP measurements were taken (OMRON 
M3, Japan), 2min apart and a third one if the first two were quite 
different. The average of the last two measurements was used in 

the analysis. In the end, we classified the blood pressure figures 
according to the JNC 7.

Serum assessments

Prehypertensive and hypertensives’ blood samples were 
collected in the morning after an overnight fast to assess lipid 
abnormalities. Those not known to be diabetic benefited from 
an oral glucose tolerance test (OGTT). Fasting levels between 6.1 
and 7.0 mmol/L (1.10 and 1.25 g/L) defined the impaired fasting 
glycaemia (IFG), and fasting levels at or above 7.0 mmol/L (1.26 
g/L) defined diabetes. For a 2 hour GTT with 75 g glucose intake, 
a glucose level below 7.8 mmol/L (1.40 g/L) was normal, whereas 
higher levels, between 7.8 mmol/L (1.40 g/L) and 11.1 mmol/L 
(2g/L) indicated impaired glucose tolerance (IGT), and levels 
above 200 mg/dL at 2 hours confirm a diagnosis of diabetes [8, 
9]. Metabolic syndrome was defined according to the IDF [6] and 
ATPIII criteria [7] . Coronary heart disease (CHD) risk at 10 years 
in percent was calculated with the Framingham Risk Score. At 10% 
the risk was low, at 20% it was moderate and at 30% it was high 
[10].

Statistical Analysis
Primary data processing involved entering all the 

questionnaires in a clean file while secondary data processing 
aimed to produce data analysis files and create the tables required 
for analysis, according to the aims of our study. Categorical variables 
were presented as frequencies. Associations between categorical 
variables were tested by the use of contingency tables and the chi-
square test. Logistic regression was used to assess the association 
of CVRF to blood pressure by estimating the odds ratio with 95% 
confidence interval (CI). Variables were considered significant at a 
p-value less than 0,05. These measurements were performed using 
R software.

Results

Characteristics of the study population

The 1086 participants included in the analyse were distributed 
in 772 (71%) men and 314 (29%) women. The mean age was 
41,6±14,39 years, higher in women than in men (42,2±14,01 ans vs 
40,3±15,22 years ; p =0,0017). The prevalence of PHT was 36.7%, 
higher in men than in women (49.7% vs 31.47%, p<10-3). The 
prevalence rates of normotensive and unrecognized hypertensive 
were respectively 15.83% and 47.42% Table 1. The average age of 
prehypertensive people was 42.3 ± 13.9 years, higher in women 
than in men (45.3 ± 13.4 years vs 37.6 ± 13.4 years; p = 0.017. 
Twenty-four percent of the subjects were under 30 years old, 9.3% 
over 60 years old while 66.7% were between 30 and 59 years old. 
We noticed that the mean values for age and anthropometric indices 
were significantly higher (p < 0.001) among the prehypertensive 
and hypertensive groups compared to those with normal BP. Table 
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2 shows the characteristics of patients according to BP categories. 
Among prehypertensive group, we identified 199 subjects with a 
high normal BP (18.32%). They were older than those with normal 

BP (N=200) (p = 0.005) and had higher anthropometric indices. For 
other risk factors, there was no significant difference between the 
two groups.

Table 1: Prevalence of blood pressure categories according to JNC 7.

BP Catégories
men women Total

N=314 N=772 N=1086

normal BP (N%) 67 (21,33) 448 (58) 515 (47,42)

PHT (N%) 156 (49,7) 243 (31,47) 399 (36,7)

HT (N%) 91 (29) 81 (10,5) 172 (15,83)

p<10-3
BP :blood pressure, PHT :prehypertension, HT :hypertension
Table 2: Clinical characteristics of patients according to blood pressure levels (JNC7).

Characteristics
Normal BP PHT

p
HT

p
N= 515 N= 399 N=172

Age (years) 37,8±12,43 42,3±13,94 <10-6 51,39±16.03 <10-6

weight (kg) 66,9±13,127 74,70±13,75 <10-6 75,38±13.142 0,58

BMI (kg/m2) 25,5±5,249 27,7±5,39 <10-6 27,67±4.84 0,94

Waist circumference (cm) 77,8±10,463 85,10±10,58 <10-6 87,95±10,413 0,003

family history of CVD (N%) 35(6,8) 32 (8) 0,917 18 (10,5) 0,34

Sédentary (N%) 266(51,7) 189 (47,4) 0,263 73 (42,5) 0,27

Known diabetes (N%) (N%) 32(6,2) 52 (13) 0,499 35 (20,3) 0,02

Known dyslipidemia (N%) 47(9,1) 69 (17,3) 0,173 28 (16,3) 0,76

Tobacco (N%) 53(10,3) 77 (19,3) 0,118 55 (32) 0,0009

Smokeless Tobacco (N) 19(3,7) 32 (8) 0,991 29 (16,9) 0.001

BP :blood pressure, PHT :prehypertension, HT :hypertension , BMI : Body Masse Index

Analytical Study of The Prevalence of Prehyperten-
sion

Univariate analysis showed a significant relationship between 
PHT and male gender (OR = 2.15; 95% CI,1.63 - 2.84, p <10-
6), also found for overweight (OR = 1.52; 95% CI,1.12 - 2.07; p = 
0.005), obesity (OR = 1.88; 95% CI,1 , 36 - 2.59, p <10-3), waist 
circumference (OR= 1.48; 95% CI,1.15 - 1.92, p = 0.002) and 

dyslipidemia (OR = 1.71 ; 95% CI,1.18 - 2.47, p = 0.003). The results 
of the multivariate logistic regression analysis ( Table 3, 4) reveal 
that male gender was the most powerful predictor of PHT (OR= 
10,118 ; 95% CI, 6,277-16,309, p < 0.001), followed by overweight 
(OR=2.11; 95% CI,1,21-3,7,p = 0.009), obesity (OR=1,614 ; 95% CI, 
1,051-2,479, p= 0,029) and waist circumference (OR = 1,659; 95% 
CI, 1,054-2,609, p =0.029).

Table 3: Clinical characteristics of patients according to the two categories of PHT according to ESC classification.

Characteristics optimal BP N= 515 Normal BP N= 200 High normal BP N= 
199 P* Total (PHT) N=399

Age (years) 37,8±12,43 40,3± 13,341 44,2±14,282 0,005 42,3 ± 13,9

weight (kg) 66,9±13,127 73,2±13,62 76,1 ±13,757 0,03 74,7 ±13,75

BMI (kg/m2) 25,5±5,249 27,2± 5,767 28,1 ± 4,968 0,09 27,7± 5,39

Waist circumference (cm) 77,8±10,463 83,5 ±10,43 86,6± 10,899 0,003 85,1± 10,58

family history of CVD (N%) 35(6,8) 14 (7) 18 (9) 0,45 32(8)

Sedentary (N%) 266(51,7) 95 (47,5) 94 (47,2) 0,95 189(47,4)

Known diabetes (N%) 32(6,2) 22 (11) 30(15,1) 0,22 52 (13)

Known dyslipidemia (N%) 47(9,1) 30 (15) 39(19,6) 0.22 69 (17,3)

Tobacco (N%) 53(10,3) 35(17,5) 42 (21,1) 0,36 77(19,3)

Smokeless Tobacco (N%) 19(3,7) 16 (8) 16(8) 0.99 32 (8)

BP :blood pressure,  PHT :prehypertension,  HT :hypertension ,	BMI : Body Masse Index
P*: compare results between normal BP and high normal BP
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Table 4: Determinants of PHT from multivariate logistic regression analysis.

Variable OR p 95% IC

male 10,118 3-Oct 6,277-16,309

smoking 0,603 0,051 0,354-1,026

Diabetes 1,533 0,101 0,92-2,557

Dyslipidémia 1,561 0,054 0,992-2,457

overweight 2,116 0,009 1,21-3,7

obesity 1,614 0,029 1,051-2,479

Waist circumference 1,659 0,029 1,054-2,609

Discussion
The prevalence of PHT in our study (36.74%) does not differ 

from that estimated in the NHANES III report (31%) [11], and those 
found by most authors around the world, (30- 40%): Japan 32.7% 
[12] , Jamaica 30% [13], Greece 39% [14], Iran 33.7% [15], Korea 
31.6% [16], Taiwan 34% [17], China 32.3% [18] and Bangladesh 
31.9% [19]. These data indicate the weak influence of the 
geographic distribution of populations on the prevalence of PHT. 
In most studies, carried out in various countries, the prevalence 
of PHT is consistently higher in men than in women: Japan [12], 

Jamaica [13], Iran [15], Korea [16], Taiwan [17], India [20], Brazil 
[21], USA [22] and Tunisia [23]. The male gender is also pointed 
out by many authors as determining factor of PHT (15, 23, 24, 25). 
In our population, PHT is more common in men up to the age of 50 
years and the male gender multiplies by 10,118 (6,277- 16,309, p 
<10-3) the risk of having PHT. BMI was the strongest determining 
factor in this new blood pressure category as has been suggested 
by several authors [15,24, 25-28]. The link between overweight and 
BP has already been established in literature [13, 17,21, 23,29, 30] 
and the American survey. NAHANES III 1999-2000 had reported 

PHT and cardiovascular risk factors

The metabolic assessment was only performed in 280 
prehypertensive patients (70,67%). Almost a third (31%) had 
hypercholesterolemia, 19.6% had high triglyceride level and 42.1% 
had a low HDL c level. The OGTT, practiced in 230 prehypertensive 
patients (not known diabetics), identified 13 new diabetics (5.7%) 
and 52 pre-diabetics (22.6%). Sixteen patients – (16/230) had an 
impaired glucose tolerance (IGT) (7%) and 36 patients (36/230) 

had an impaired fasting glycaemia (IFG) (15.7%). So, nearly a 
third of prehypertensive people had a carbohydrate metabolism 
abnormality. On average, the Framingham score was estimated at 
6.08 ± 5.54 without significant difference regarding to the gender. 
The coronary risk was low in 83.6% of the cases, intermediate in 
11.8% and high in 4.6% . A quarter of prehypertensive patients had 
metabolic syndrome according to NCEP/ATPIII and this proportion 
increased to 36.3% when the definition of IDF was applied Table 5.

Table 5: Metabolic data in prehypertensive patients.

PHT HT p

variable

OGTT :

new diabetes (N%) 13 (5,7) 9 (9,2) 0,24

IGT (N%) 16 (7) 14 (14,3) 0,03

IFG (N%) 36 (15,7) 13 (13,3) 0,57

CT (g/l) 1,8±0,399 1,95± 0,436 0,0006

TG (g/l) 1,109±0,59 1,21±0,633 0,114

HDLc (g/l) 0,46±0,106 0,45 ± 0,103 0,36

LDLc (g/l) 1,15±0,355 1,26± 0,401 0,005

Framingham Score 6,08±5,54 15,4±10,144 <10-6

Framingham Score ≥10 (N%) 46 (16,4) 84 (64,62) <10-6

Metabolic Syndrome

ATPIII (N%) 100 (25,1) 69 (40,2) 0,0007

IDF (N%) 145 (36,3) 91 (52,8) 0,0005

OGTT: Oral glucose tolerance test, IGT :Impaired glucose tolerance, IFG:Impaired fasting glycaemia, CT :cholesterol, TG : triglyceride, 
HDLc:High Density Lipoprotein cholestrol, LDLc : Low Density Lipoprotein cholesterol

ATPIII :Adult Treatment Panel III, IDF :International Diabetes Federation.
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that prehypertensive patients were more likely to be overweight 
than normotensive patients [31].

Conclusion
PHT is common in Algiers. It is strongly determined by other 

CVRF, including male gender and overweight. PHT does not yet 
require antihypertensive treatment in most cases but we should 
call about “hypertension alert” which would require in our country 
an urgent implementation of preventive measures focused on 
the management of overweight and obesity. Taking into account 
a national prevalence of hypertension of 25%, this approach is 
crucial in reducing blood pressure for more than half of the general 
population
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