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ABSTRACT
Introduction: The term „prehypertension‟ (pre - HT) was coined in 1939 in the context of early
studies that linked high blood pressure recorded for life insurance purposes to subsequent morbidity
and mortality. Pre-HT is not a disease category; however, pre hypertensive subjects are known to be
at high risk for developing hypertension, and even slightly elevated BP increases cardiovascular risk.
Materials & methods: Community based descriptive cross sectional study. The estimated total
sample size was 632. “Kish” method was applied in each selected household for the selection of study
subjects who were in the age group of 21-60 years. WHO STEPS methodology, (NCD Risk Factor
Surveillance) was used to gather necessary information at household and individual level. SPSS 22.0
version was used for data analysis. Percentage, Chi square, & Risk (Odds Ratio) was estimated at
significant level p<0.05.
Results: Prevalence of normotension (NT) was 47.5%, while that of prehypertension (pre-HT) was
33.4% and hypertension (HT) was 19.1%. The prevalence of pre – HT and HT both continued to
increase progressively with the increasing age & BMI. Overweight and obesity were the most
significant determinants of pre –HT even at the level of more than 23 Kg/m2. Stress and a family
history of hypertension in both parents were other pre determinants of pre – HT.
Conclusion: In conclusion, our the study provides important information on the high burden of
cardiovascular risk factors such as prehypertension, overweight and stress, in an apparently healthy
adults.
Key words: Prehypertension, WHO STEPS, Kish method.

INTRODUCTION
The term „prehypertension‟ (pre HT) was coined in 1939 in the context of
early studies that linked high blood pressure
recorded for life insurance purposes to
subsequent morbidity and mortality. [1]
There was increased risk of not only
developing hypertension among individuals
but also early death from cardiovascular
related diseases because of prehypertension
i.e. having blood pressure reading of
>120/80 mmHg, but <140/90 mmHg. This
observation has been confirmed by a

number of studies. [1-3] It was demonstrated
by meta-analysis of approximately 1 million
individuals
from
61
long-term
epidemiological studies that for each 20
mmHg increase in systolic blood pressure or
10 mmHg increase in diastolic blood
pressure over 115/75 mmHg, there was a
two-fold increase in mortality associated
with coronary artery disease and stroke. [4]
Based on this context, in 2003, the Seventh
Report of the Joint National Committee
(JNC-VII) on the Prevention, Detection,
Evaluation, and Treatment of High Blood
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Pressure coined a new category of
prehypertension (pre-HT) in their list. [5]
The National Health and Nutrition
Examination Survey (NHANES) 1999-2000
reported the overall prevalence of
prehypertension as 31% all over the world,
while in disease-free adult (NHANES
participants) it was found to be 36.3%. [6,7]
Several studies have reported high
prevalence of prehypertension ranging from
31% to 60% with more prevalence among
males than females. [8-12]
There are some studies to show that
prevalence of pre hypertension and
cardiovascular disease is rapidly increasing
in India. A survey conducted in nine States
of India, by the National Nutrition
Monitoring Bureau, reported the pooled
estimate of prehypertension in rural men to
be about 45 per cent. [13] A few studies from
different regions of India have also
indicated the prevalence of pre hypertension
in the range of 40-60 %. [14-15] Pre-HT is not
a disease category; however, these subjects
are known to be at higher risk for
developing Hypertension, and even slightly
elevated
blood
pressure
increases
cardiovascular risk. [16]
Many studies have shown that
prevalence of pre hypertension and
cardiovascular disease is rapidly increasing
in India. The risk of cardiovascular disease
in the individuals with prehypertension was
also observed to increase with concomitant
burden of other risk factors such as
hypertension, obesity, diabetes, and
dyslipidaemia. Even at the current stage, the
magnitude of the problem is large enough to
demand urgent attention and action. Thus an
initiative is taken to estimate the prevalence
of pre -hypertensive and its association with
other risk factors such as overweight and
diabetes. This cross-sectional study will also
help in recommending designing strategies
for the control and prevention of
cardiovascular diseases.
METHODOLOGY
Study Design
A Community based descriptive
cross sectional study was planned. Based on

prevalence of non communicable diseases
as 41% (WHO survey on prevalence of
NCDs done in 2004) [17] and using formula:
n = 4pq/d2 the sample size estimated was
575. Assuming that there will be a non
response rate of 10%, the total sample size
came out to be 632.
Sampling procedure
Multistage
systematic
random
sampling was used for the selection of study
area. From urban area, out of three, one
nagarpalika (Rishikesh) was chosen & from
rural area, out of six blocks, Doiwala block
was purposively chosen for the study as
they formed the rural & urban field practice
area of the department of community
medicine from district Dehradun. Doiwala
block comprises of five Nyaypanchayat, out
of which one Nyaypanchayat (Markham
Grant) was selected randomly. Two villages
which comprised 10% of the total villages
in Markham Grant & two wards from
Rishikesh nagarpalika (10%) were randomly
selected to achieve the required sample
population.
Study population and selection of
study subjects: A line listing of houses in
study areas was done with the help of local
leader & health worker. Every kth house in
the area formed the study house which was
selected by systematic random sampling &
sampling interval. After explaining the
purpose of the study and getting informed
written consent “Kish” method was applied
in each selected household for the selection
of study subjects who were in the age group
of 21-60 years. Pregnant and lactating
women were however excluded from the
study.
The survey questionnaire - one at household
level and another at individual level based
on WHO STEPS [18] methodology for NCD
Risk Factor Surveillance was used to gather
the necessary information at household and
individual level.
Anthropometry: Standing height was taken
with the help of a portable stadiometer. The
head was so positioned that the participant
looks directly forwards with the Frankfurt
plane and it was recorded to the nearest
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centimetre. Bathroom scale was used to
measure weight of the participant wearing
minimal clothing to the nearest 0.1 kg. BMI
(weight in Kg/Height in metre2) was
classified as per the recommendation of
WHO, International Association for the
study of obesity and the international
obesity task force. [19] BMI was categorized
as <23.0 Kg/m2, 23-24.9 Kg/m2, 25-26.9
Kg/m2, 27-29.9 Kg/m2 and ≥ 30 Kg/m2. The
blood pressure was recorded using the
calibrated Welch Allyn aneroid BP
instrument, placed on right arm of the
subject after a seated 15 min rest. The

subject was classified as normotensive (NT)
(SBP/DBP ≤120/80 mm Hg), Pre HT (SBP
120 -139 mm Hg and diastolic 80-89 mm
Hg), hypertension (HT) (SBP/DBP ≥ 140/90
mm Hg or taking medication for HT)5.
Statistical analyses
Data thus collected was compiled,
tabulated and analysed using SPSS 22.0
version. Percentages were calculated for all
the variables while Chi square was applied
for categorical variables. Risk (Odds Ratio)
was estimated to show strength of
association. Significant level was set at
p<0.05.

RESULTS
Table 1. Prevalence of prehypertension and hypertension according to different age group
Age Group Males Females Total Prehypertension (pre –HT) Hypertension (HT)
21-30
31-40
41-50
51-60
Total

67
61
49
77
254

117
86
66
109
378

184
147
115
186
632

No.
58
48
42
63
211

Table 1 shows the distribution and
prevalence of pre hypertension and
hypertension among the study subjects in
different age groups. There were a total of
632 study subjects in the present study of
which 254 were males and 378 were
females. In the total subjects, prevalence of
normotension (NT) was 47.5%, that of
prehypertension (pre-HT) was 33.4% and
that of hypertension (HT) was 19.1%. The
prevalence of pre hypertension increased
upto age of 50 years and then declined
whereas prevalence of hypertension
increased progressively with age.

%
31.5
32.7
36.4
34.0
33.4

No.
12
16
25
68
121

%
7.0
10.9
21.7
36.6
19.1

Figure 2. Prevalence of Pre – HT and HT according to BMI
(Kg/m2)

Figure 1 depicts the prevalence of
pre hypertension in different age groups
according to sex. In males, while the
prevalence of pre –HT increases upto the
age of 40 and then decreases, in females
however, the prevalence of pre –HT
continued to increase as the age increases.
Figure 2 depicts the prevalence of
pre –HT and HT according to BMI (Kg/m2).
The prevalence of pre – HT and HT both
continues to increase progressively with the
increased BMI.
Figure 1. Prevalence of pre hypertensives (%) according to
different age groups and sex
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Table 2. Odds ratio of
subjects
Variables
OR
Age (>40years)
1.26
BMI (Kg/m2)
< 22.9
1
23-24.9
2.37
25-29.9
4.99
≥ 30
6.21
Current smokers 1.76
Stress
4.55
Alcohol drinkers 1.42
Family History
None
1
Father/Mother
1.46
Both
2.01

Pre – HT Vs NT among the study
Confidence Interval
0.76-2.07

p - value
0.35

1.23-4.54
2.90-8.59
1.95-6.50
1.07-2.89
3.20-6.48
1.20-1.67

< 0.001
<0.0001
<0.0001
0.02
<0.0001
< 0.001

0.84-2.16
1.05-3.47

0.50
p < 0.001

Determinants of prehypertension in
terms of relative risk (odds ratio) are shown
in table 2. Overweight and obesity were the
most significant determinants of pre –HT
even at the level of more than 23 Kg/m2.
Stress and a family history of hypertension
in both parents were other pre determinants
of pre – HT.
DISCUSSION
The prevalence of pre hypertension
in the present study was 33.4% as per JNCVII classification. Hsia et al in their study
found a little more prevalence of pre
hypertensives i.e. 40.3% among Asian
women. [20] Epidemiological data from
National Health and Nutrition examination
survey, USA estimated the prevalence of
prehypertension to be 31% which was in
accord with our study. [6] In a study among
young Israeli adult population the
prevalence of prehypertension has been
estimated to be 50.6% in males and 35.9%
in females. [21] In another study by
Winegarden, Relative Risk (RR) for an
individual becoming a hypertensive from
prehypertensive status was being calculated.
He divided prehypertension group into two
subcategories namely, normal (120–129
systolic and/or 80–85 diastolic) and high
normal (130–139 systolic and/or 86–89
diastolic). He estimated RR for the "normal"
subcategory as 2.0 (95% CI, 1.6, 2.6) and
for "high normal" as 2.9 (95% CI, 2.3, 3.7).
[22]
In the present study, the main
determinants of pre –HT were increasing
BMI, stress and family history of HT. Even

being slightly overweight was positively
associated with pre – HT.
A longitudinal Strong Heart study
reported that pre hypertensive subjects had a
3.2 times higher risk of developing
hypertension and 1.7 times higher risk for
developing CVD than NT subjects. [23] Most
of the pre-hypertensives have at least one
additional risk factor such as overweight
which is known to increase the
cardiovascular risk. Earlier studies have also
indicated that prehypertension generally
coexists with other risk factors. BMI
threshold level was associated with
increased risk of pre –HT in the present
study, but the BMI level was lower than that
of western population. Other studies from
India have also indicated that increasing
age, BMI, waist hip ratio and impaired
glucose tolerance/diabetes were independent
risk factors for hypertension and
prehypertension. [24] The prevalence of pre –
HT in subjects whose BMI was ≥ 25.0
Kg/m2 was lower in the present study than
that in NHANES (34.2% vs 63.9%). [6]
NHANES II data from the United States
showed that 90 per cent of individuals with
prehypertension had at least one or other
cardiovascular risk factor. [25] Israeli et al
found that the BMI is the strongest
modifiable predictor of prehypertension. [26]
Smoking and alcohol were however
negative determinant in the present study
which could be due to under-reporting of
these behaviours. Moderate alcohol drinkers
were associated with increased risk of preHT in the present study. International
School of Salt and Blood Pressure
(INTERSALT) also found that high alcohol
intake (three or four drinks per day (300
ml)) led to high blood pressure. [27] The
correlation between moderate alcohol use
and elevated blood pressure however needs
further evaluation.
It is well documented fact that a
family history of hypertension in one or
both parents is a major risk factor for HT.
Having both hypertensive parents was a
stronger determinant of developing HT.
Hahn et al reported that parental history was
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related to higher BP in females, while
Goldstein et al reported that elevated BP
measured by ambulatory monitoring was
related to family history of HT in both
parents in males, but there was no
association in females. [28,29] Our finding
indicates that family history of HT in both
parents is a major determinant of pre – HT
(OR 4.55 , 95% CI 3.20,6.48;).
Anger and Stress were another risk factors
associated with development of pre HT in
the present study. Player et al assessed the
association of anger and long term
psychosocial stress with progression from
prehypertension to hypertension and
resulting coronary artery disease and death.
[30]

There were certain limitations of the
study. First, the cross-sectional design of the
study does not allow any inference to be
drawn with respect to the causal relationship
among variables. Secondly, the study
sample was a select age group of adults and
the findings may not be generalized to the
whole population. Thirdly, though it is
speculated that job related stress may be one
of the causes of high prevalence of
prehypertension, the factors causing stress
needs to be evaluated in detail. In addition,
the sample size of the present study was
calculated keeping in mind all factors
related to NCDs, which is probably not
suitable for a highly prevalent problem of
prehypertension. The conclusions of the
study, therefore, need to be interpreted with
caution.
In conclusion, our the study provides
important information on the high burden of
cardiovascular risk factors such as
prehypertension, overweight and stress, in
an apparently healthy adults. There was sex
related differences in the prevalence of pre
HT in our study. Lifestyle modifications
such as increased physical activity along
with reducing the intake of saturated fats
and salt in diet and quitting smoking and
alcohol intake can achieve a downward shift
in the overall blood pressure.
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