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Abstract
Introduction: Early diagnosis of hypertension is an important strategy in its control which is usually
missed in OPD practice. Kumarhatti, Solan, was selected as the place of study based on the new AAP
2017 criteria to find the prevalence of elevated blood pressure and hypertension at an altitude of 40005000 feet.
Objective: To measure blood pressure of school going children and to classify BP measurements into
normal BP, Elevated BP and Hypertension.
Methods: 600 children between 10 to 17 years of age were selected from urban and rural schools. The
final diagnosis of HTN was made if a child or adolescent had auscultatory confirmed BP readings
≥95thpercentile on 3 different visits. Data collected was analyzed using SPSS20.
Results: Prevalence of EBP, stage 1 and stage 2 hypertension was found to be 15, 8%, 4.5% and 1%
respectively in the study. Prevalence of EBP and stage 1 hypertension was higher in urban population
(17.2% and 5.3% respectively) whereas stage 2 hypertension was almost equal in both population
(P<0.05). Prevalence of EBP, stage 1 and stage 2 hypertension was maximum in obese category as
38.6%, 13.63%, 6.8% followed by overweight 24%, 11.25%, 2.5% respectively (P<0.05). The prevalence
of positive family history among study subjects was 15% (N=90) with P value<0.05.
Conclusion: Prevalence of hypertension was 5.5% in the study subjects. Prevalence of EBP and stage 1
hypertension was higher in urban population. Our study revealed that prevalence of elevated blood
pressure and hypertension was significantly more in overweight and obese children and with positive
family history compared to normal children proving obesity and positive family history as an important
risk factor for hypertension in children.
Keywords: Hypertension, school children, elevated blood pressure, obesity, family history
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Introduction
Blood pressure measurements for adults have proven to be crucial in the assessment of cardiovascular
health, and since Stephen Hales’ experiments in the eighteenth century, have become a routine part of
physical examination [1]. However, it wasn’t until 1977 that proper assessment of hypertension in children
was carried out in united nation by the Task Force on control of BP [2].
Morbidity among school-going children adversely affects their normal growth and development and
hence it is a major public health concern [3]. In developed countries preponderance of systemic
hypertension is 1-2% [4]. The average systolic blood pressure at birth is approximately 70 mmHg which
increases to 85 mmHg by one month of age [5]. Children with secondary hypertension have a specific,
potentially correctable, abnormality responsible for their high blood pressure while those with primary
or essential hypertension do not [6].
In obese pediatric patients primary HTN is showing an increasing trend. Life style changes like low
potassium food, high sodium intake, use of alcohol beverages and caffeinated drinks, smoking, mental
stress, sleep deprivation, high calories intake, decrease physical activity are other causes for increase
preponderance of HTN. Cause of secondary hypertension is more in children than adults with reno
vascular disease followed by endocrinal diseases [7]. A familial influence on blood pressure can be
identified early in life. History of familial hypertension tends to have higher BP than of normotensive
families [8].
Previous studies estimated prevalence of confirmed hypertensive children ranging2-4%. [9, 10, 11] New
Clinical Practice Guideline for Screening and Management of High Blood Pressure in Children and
Adolescents were published by the AAP in the year 2017 for updating the criteria for hypertension
diagnosis in children [12].
Due to lack of BP measurement among pediatricians in outpatient practice, enough data is not available
regarding prevalence of hypertension at an altitude of 4000-5000 feet. So, we selected Kumarhatti, Solan,
Himachal Pradesh as the place to find the prevalence of hypertension and elevated blood pressure at an
altitude of 4000-5000 feet.
Materials and Methods
A cross sectional study was done to find the prevalence of elevated blood pressure and hypertension
among healthy school going children over a period of 18months.
Urban area defined as all places with a municipality, corporation, cantonment board or notified town area
committee, etc. and area which are not categorized as urban area was considered as rural area.
Socioeconomic status of child was assessed by modified Kuppuswamy Scale.
Number of subjects and study population: Study included 600 healthy school going children between
10 to 17 years of age were selected from urban and rural schools over 18 months.
Inclusion criteria
1. 600 were included in the study after an informed consent from guardians/attendants from rural and
urban school.
2. School going children of both sexes aged between 10 years to 17 years were included.
Exclusion criteria
All school absentees, children with any chronic illness, children taking any prolonged medication were
not included in the study.
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Written, informed and valid consent were taken and Parent Teachers Association (PTA) and school
authorities were well-informed prior to the study and approval was obtained.
Weight, height were taken according to standard guidelines. BMI were taken and was compared with
IAP-BMI Charts 2015. BMI >23rd adult equivalent line refers as overweight and more than 27th adult
equivalent line refers as obesity. Less than 3rd adult equivalent line refers as underweight and 3th to 23rd
adult equivalent line refers as normal weight.
Blood pressure was measured by using updated definitions of BP Categories and stages (as per AAP
2017 GUIDELINES).
For children aged 1 to 13 years
For children aged 13 years
Normal BP:< 90th percentile
Normal BP:<120/<80mmHg
Elevated BP: ≥ 90th percentile to < 95th percentile or
Elevated BP: 120/<80 to 129/<80mmHg
120/80mmHg to <95th percentile (whichever is lower)
Stage 1 HTN: ≥ 95th percentile to <95TH Percentile +
Stage 1 HTN: 130/80 mmHg to 130/89 mmHg
12mmHg or 130/80 to 139/89 mmHg. (whichever is lower)
Stage 2 HTN: ≥ 95th percentile + 12mmHg or ≥
Stage 2 HTN: ≥ 140/90mmHg
140/90mmHg.(Whichever is lower)

All children were examined in a comfortable position. BP measurement was carried out using
sphygmomanometer in right arm in sitting position. The cuff is deflated at the rate of 2-3 mm Hg/second.
The first phase I Korotkoff and last phase V Korotkoff audible sounds were taken as SBP and DBP
respectively. If the Korotkoff sounds are heard to 0 mm Hg, the point at which the sound is muffled phase
IV Korotkoff was taken as the DBP, or the measurement repeated with less pressure applied over the
brachial artery. The measurement was read to the nearest 2 mmHg. BP was measured in each child three
times at a minimum interval of at least 5 min in between successive measurements and average reading
was taken and was plotted on the BP tables provided by the latest 2017 AAP. If child had Stage 1
hypertension, a second reading was taken after 1-2 weeks and 3rd reading was taken after 3 months and
if child had stage 2 hypertension he/she was immediately referred to the MMMC&H, Solan for further
evaluation. Final diagnosis of HTN was made if a child or adolescent had auscultatory confirmed BP
readings ≥95th percentile on 3 different visits.
Statistical analysis
Chi-square test and Fisher Exact Test were used. Data analysis was performed using SPSS20 VERSION.
In our study, P<0.05 is considered to be statistically significant.
Results
There was preponderance of males in our study [Males =343(57.2%); females = 257 (42.8%)]. Subjects
were equally distributed in urban and rural area with 302 (50.3%) and 298 (49.7%) respectively.

Fig 1: Location distribution
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Prevalence of elevated blood pressure, stage 1 and stage 2 hypertension was reported among 15.8%, 4.5%
and 1% of the subjects respectively.

Fig 2: Prevalence of BP among the study subjects according to AAP guidelines, 2017

Prevalence of EBP and stage 1 hypertension was higher in urban population (17.2% and 5.3%
respectively) as compared to rural population with statistically significant difference.
Table 1: Association of BP with location
BP (in percentile)
5th-25th
25th-50th
50th-90th
90th-95th (Elevated Blood Pressure)
Stage 1 Hypertension
Stage 2 Hypertension
Total
Chi Square
p value

Location
N
Rural
Urban
Total
N
%
N
%
0
0
3 0.99
3
22 7.38 21 6.95
43
219 73.49 207 68.54 426
43 14.43 52 17.22 95
11 3.69 16 5.30
27
3 1.01 3 0.99
6
298 100 302 100
600
9.17
0.028*

The prevalence of EBP, stage 1 & 2 hypertension were maximum in children with history of familial
hypertension which accounts for 35%, 21.7% and 3.3% of the subjects respectively with statistically
significant difference as p<0.05.
Table 2: Association of BP with family history
Family History
None HTN Diabetes Mellitus HTN+DM
N % N % N
%
N %
th
th
5 -25
3 0.6 0 0
0
0
0
0
25th-50th
40 7.8 3 5
0
0
0
0
50th-90th
389 76.3 21 35 13
68.42
3 27.27
90th-95th (Elevated Blood Pressure) 68 13.3 21 35 4
21.05
2 18.18
Stage 1 Hypertension
8 1.6 13 21.7 2
10.53
4 36.36
Stage 2 Hypertension
2 0.4 2 3.3 0
0
2 18.18
Total
510 100 60 100 19
100
11 100
Fisher Exact Test
1.71
p value
0.003*
BP (in percentile)
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The prevalence of EBP, stage 1 & 2 hypertension was least in children with history of familial diabetes
mellitus which accounts for 21.05% and 10.53% of the subjects respectively. Mean weight, height and
BMI was 48.43±13.03kgs, 158.01±10.62cms and 19.22±3.98kg/m2 respectively.
Number of subjects in overweight and obese group were 80 (13.3 %) and 44 (7.3%) respectively. BMI
categories shows significant association with hypertension in our study as p<0.05.
Table 3: Association of BP with BMI
Normotensive
Elevated BP
Stage I
Stage II
EBW+HTN
%
%
%
%
%
N
N
N
N
N
Normal weight 476
409
85.9
54
11.3 12
2.5
1 0.21
67
14.07
Overweight 80
45
56.25
24
24
9 11.25 2
2.5
35
43.75
Obese
44
18
40.9
17
38.6 6 13.63 3
6.8
26
59.09
Total
600
472
95
27
6
128
Chi Square
7.92
p value
0.032*
BMI

N

In this study, prevalence of EBP was found to be more among the males (N= 57 subjects with 16.6%)
whereas prevalence of stage 1 and 2 of hypertension was found to be more among females (N= 19
subjects with 7.4% and N=4 subjects with 1.6% respectively). Maximum no. of subjects comes under
upper lower class with 199 (33.2%) followed by lower middle with 169 (28.2%).
Subjects having age group of 10-12, 13-15 and 16-17 years were 14%, 40.67% and 45.33% respectively
in our study. In elevated blood pressure group the majority of subjects come under 16-17yr age group
(45 subjects out of 95 subjects which accounts 16.54%). Statistically, no significant association was
found between blood pressure and age groups in this study.
Discussion
In our study 20 subjects (3.3%) comes under <3rd percentile (underweight). 143 subjects were having
25th-50th percentile BMI (23.8%). Number of subjects in overweight and obese group were 80 (13.3 %)
and 44 (7.3%) respectively. Nihaz K. Naha et al. conducted a study in Kerala, found prevalence of
hypertension was 14.1% and pre-hypertension was 8.9% in overweight children and was 11.3% and 7.5%
in obese children respectively. They observed that prevalence of hypertension was high in children with
high BMI [13]. A similar study done in Shimla had observed high prevalence of hypertension in obese
subjects as compared to non-obese-subjects (33% vs 11%) done by Sharma et al. [14] Bilal et al. done a
study in Karachi, Pakistan which also present a strong relationship between hypertension and elevated
BMI [15]. Which are similar to our study.
Prevalence of elevated blood pressure, stage 1 and stage 2 hypertension was reported among 15.8%, 4.5%
and 1% of the subjects respectively. Majority of subjects 426 (71%) were with in 50 th-90th percentile in
normotensive group in this study.
The prevalence of hypertension in children is as high as 22% to as low as 0.6% shown by various studies
done in all over the world [3]. Nirav Buch et al. in their study reported that prevalence of hypertension
was 5.4% in government school while it was 8.24% in private school children [16]. Nihaz K. Naha et al.
in their study found that total prevalence of hypertension was 4.5% and pre-hypertension was 5.8% [13].
The prevalence of hypertension, among the children going to municipal school of Delhi, was calculated
to be 3.1% (63/2011 students) in Hakim IS study. Most of the students belong to poor socioeconomic
background in their study because this study was restricted to only municipal schools of Delhi [17].
Another study done in Delhi by Chadha, et al. which shows prevalence of hypertension in school
children, of Delhi was 11.7%. They studied the urban school children where unhealthy dietary habits,
lack of physical activity and bad peer pressures could have contributed to such a high incidence [18]. A
study done by Taksande et al. showed a reasonably high prevalence of 5.75% of HTN in rural India.
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Which contradict with the thought that prevalence of HTN was less in rural India as compared to urban
India due to their life style. Interference of this type may be due to fast urbanization of rural areas in India
which hampers the level of physical fitness, dietary culture and increases the social pressure of life [19].
Out of 600 subjects 343(57.2%) were males and 257 (42.8%) were females. Hence there was
preponderance of males in our study. In this study, prevalence of EBP was found to be more among the
males (N= 57 subjects with 16.6%) whereas prevalence of stage 1 and 2 of hypertension was found to be
more among females (N= 19 subjects with 7.4% and N=4 subjects with 1.6% respectively). Nirav Buch
et al. in their study reported that prevalence of hypertension in males was 6.74% and in females was
6.13% [16]. Hakim IS et al. in their study revealed similar findings that is the prevalence of HTN was
found to be less among females than males about 3.3% in males and 2.9% in females [17]. Prabhajot et al.
found the prevalence of hypertension to be8.3% in males and 6.52% in females in Amritsar, Punjab [20].
Male preponderance was seen in present study as well as in Nirav Buch et al., Hakim IS and Prabhajot
et al’s studies [16, 17, 20].
Subjects having age group of 10-12, 13-15 and 16-17 years were 14%, 40.67% and 45.33% respectively
in our study. In elevated blood pressure group the majority of subjects come under 16-17yr age group
(45 subjects with 16.54%). In stage 1 hypertension group, the majority of subjects come under 16-17yr
age group (13 subjects with 4.78%). In stage 2 hypertension group, the majority of subjects come under
16-17yr age group, 3 subjects out of 6 subjects (1.10%). Therefore the chances of hypertension are more
with increase in the age. Such increase in prevalence and mean BP due to increase in age may be due to
increase in body mass. Similarly, Hakim IS et al. in their study found that the prevalence of hypertension
increased with increasing age in females as well as males [17]. Nirav Buch et al. in their study reported
that prevalence of hypertension increases with age [16]. Studies from Turkey by Irgil E et al. and Zambia
by Lascaux-Lefebvre V et al. on school children showed rise of BP with age. Soundarssanane MB et al.
from India also gives same opinion of increase in hypertension with increase in age [21, 22, 23].
Whereas in Bilal et al. study conducted in Karachi, Pakistan on children in outpatient department of a
tertiary care hospital. Demonstrated that, those children between 4 to 7 years of age had a high prevalence
of HTN (19.2%; 9.2% stage 1 and 10.0% stage 2) as compared to children aged between 8 to 12 years
(14.5%; 8.0% stage 1 and 6.5% stage 2) [15].
Family history of hypertension was reported among 60(10%) subjects, family history of diabetes mellitus
was 3.17% and history of both hypertension and diabetes mellitus was 1.83%. The prevalence of EBP,
stage 1 & 2 hypertension was maximum in children with history of familial hypertension which accounts
for 35%, 21.7% and 3.3% of the subjects respectively with statistically significant difference as p<0.05.
The prevalence of EBP, stage 1 & 2 hypertension was least in children with history of familial diabetes
mellitus out of all other studied risk factors which accounts for 21.05% and 10.53% of the subjects
respectively.
Nirav Buch et al. in their study found that prevalence of hypertension in family members of pre
hypertensives was 18.6% and in normotensive was 13.1% [16]. Nihaz K. Naha et al. in their study found
that prevalence of hypertension in children with family history of hypertension was high and statistically
significant [13]. Family history of hypertension was significant risk factor for HTN as evident in many
studies like Zambian study done by Lascaux-Lefebvre V et al., which showed parental history before age
of 60 years was related to offspring hypertension [22]. Studies from India and Pakistan like Verma et al.,
Soundarssanance et al., Gupta et al. and Bilal et al. have also reported similar observations [23, 24, 25].
Subjects were equally distributed in urban and rural area with 302 (50.3%) and 298 (49.7%) respectively,
however maximum no. of males lies under rural and females under urban area with 207 subjects (60.35%)
and 166 (64.59%) respectively. Prevalence of EBP and stage 1 hypertension was higher in urban
population (17.2% and 5.3% respectively) as compared to rural population with statistically significant
difference. Stage 2 hypertension was almost equal in both population in our study.
Naha NK et al. in their study revealed that prevalence of hypertension was 1.05% in rural school children
while it was 7.52% in children from urban school. The prevalence of combined hypertension and prehypertension was 2.89% in rural area and 16.2% in urban area. This was highly statistically significant
with p value<0.05. These findings are similar to our study [13].
Prevalence of EBP, stage 1 & 2 hypertension were maximum in obese category which accounts for
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38.6%, 13.63%, 6.8% followed by overweight 24%, 11.25%, 2.5% of the subjects respectively. BMI
categories shows significant association with hypertension in our study as p<0.05.
Sandvik l et al. in Norwegian and Paffenbarger RS Jr, et al. in Taiwan demonstrated statistically
significant association of high BMI with hypertension which showed same results [25, 26]. The
Framingham study which was done by Dannenberg AL et al. also showed increased prevalence of obesity
in subjects with hypertension as well increase in BP in established obesity [27].
Many studies from India had similar observations, like Sharma et al., observed that Elevated blood
pressures were significantly higher among those with high BMI [14]. Similar observations were also
reported by Torok E et al. in Hungary among adolescent population and Aullen JP et al. done a study in
France which also stated that Half the cases of high blood pressure in children and adolescents improved
on losing weight [28, 29]. Such similar association in early childhood with SBP was reported by Hardy et
al. in British birth cohort [30].
Andriska et al. in Hungary found 41% of their hypertensive children were obese, so they concluded that
obesity plays very important role in development of childhood hypertension [31]. Nirav Buch et al. in their
study reported significant rise of hypertension with obesity in both sex groups, around 30% of obese
children had hypertension [16].
Limitations of our study is that our study may not reveal the exact prevalence of hypertensive of the
community. A large sample size could provide a better idea of prevalence of HTN in community. It is a
single observer study. Factors like physical activity, dietary habits and salt intake were not observed in
our study. These areas are further open for research.
Merits of our study is that no recent study has been conducted according to the new guidelines of
American Academy Pediatrics 2017 on measurement of BP in pediatric population in India and very few
studies has been conducted worldwide.
Conclusion
This study revealed that prevalence of hypertension and elevated blood pressure was found significantly
high in obese and overweight children. Children with family history of hypertension and diabetes mellitus
have high incidence of EBP and hypertension. Modification in lifestyle in urban areas like unhealthy
dietary habits, decrease in physical activities, sedentary pursuits and technology dependency are the
major culprits for increasing trend of hypertension in urban region.
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