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This cross-sectional study examined the prevalence, stages, subtypes of hypertension, and the associated risk factors in adolescent
school children in Western India. We screened 2,644 adolescents, from 10 different private and government schools in urban and
rural areas for hypertension, as defined by the 2017 Clinical Practice Guidelines. The association of stages and subtypes with age,
gender, body mass index, type of school, and place of residence was analysed. 197 children (7.5%) had hypertension; 170 (6.4%)
had stage |, 27 (1%) had stage Il and 76 (2.9%) had elevated blood pressure (EBP). The risk of EBP was higher in children > 15 years
of age (p = 0.006). Compared with normal-weight children, obese, and overweight children had a higher risk of hypertension [odds
ratio (OR) 9 (5.84, 13.88) and 3.77 (2.59, 5.48) respectively], whereas underweight children had a lower risk [OR 0.39 (0.16, 0.98)].
Normal-weight hypertension was seen in 5.2% and was higher in children from government schools (9.4%). Systolic-diastolic

hypertension (SDH) was the most common subtype, seen in 136 (5.1%). SDH was more common in girls, in rural children, and in
those with stage Il hypertension. Isolated diastolic hypertension, seen in 51 (1.9%), was more common in boys, in urban children,

and in those with EBP.
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INTRODUCTION

Childhood and adolescent hypertension often go undetected.
Although overt, adverse cardiovascular outcomes may be rare in
childhood, subclinical structural and functional changes in the heart
and vasculature may be evident in the investigation in nearly forty
percent of hypertensive children [1]. Childhood hypertension is
known to track into adulthood, and subclinical atherosclerosis that
begins in childhood may progress with age [2, 3]. The progression
into adulthood is more likely to happen with hypertension in
adolescence than in early childhood [4]. Hypertension in adults
carries with it a significant risk of adverse cardiovascular outcomes
and is responsible for nearly half of all strokes and ischemic heart
diseases. It is the leading non-communicable disease responsible
globally for 12.8% of all deaths in adults [5]. This risk may be
attenuated if the blood pressure (BP) elevation is resolved during
childhood [6].

The cardiovascular impact, as well as the tracking into adulthood
may also vary with the subtype of hypertension [7]. The prevalence
of different subtypes of hypertension, their progression, and
cardiometabolic outcomes are well known in adults [8]. Studies on
the prevalence of different subtypes in children are fewer and
mainly from developed nations. These have shown that isolated
systolic hypertension (ISH) is the most common subtype and is
associated with significant potential for cardiovascular morbidity [9].

Studies on hypertension in Indian adolescents have shown a wide
variation in prevalence. A recent meta-analysis of cross-sectional

studies on hypertension in Indian adolescents that had more than
one reading on the same visit included 27,682 children from
25 studies. The prevalence ranged from 2% to 20.5% with a pooled
prevalence of 7.6% [9]. Only six out of the 25 studies were
conducted in rural children and only three included both urban and
rural children in the same study. Hypertension subtypes and
their clinical correlates in children have not been addressed in
Indian studies.

SUBJECTS AND METHODS

A cross-sectional study was undertaken to determine the prevalence,
stages, and subtypes of hypertension and elevated BP in adolescent school
children and to study the association of age, gender, body mass index
(BMI), private or government school attendance, and rural or urban
residence on the prevalence of hypertension and elevated BP. Approval
from institutional ethics committees of the Lilavati Hospital and Research
Centre, Mumbai and the King Edward Memorial Hospital, Pune, was taken
for conducting the study in the Mumbai and Pune schools respectively.
Signed consent from the school principal and the parents, as well as verbal
assent from the child, was taken before the study.

Adolescent students from ten schools were studied. The schools
included private schools that catered to children from middle-income
families, and government or trust schools (referred to collectively as
government schools in this paper), that catered to low-income families in
urban and rural areas of Maharashtra, Western India. All students in classes
eight and nine in these schools were evaluated. Children absent on the day
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of evaluation were excluded. The name, age, gender, and date of birth of
the student were obtained from school records.

Height and weight were recorded by trained resident medical officers,
with children standing barefoot in their school uniform using recom-
mended methods [10]. Height was measured by a stadiometer, recorded in
centimeters, and rounded off to the nearest 0.1 cm. Weight was taken
using a standard digital weighing scale, with the measurement rounded
off to the nearest 0.1 kg. Body mass index (BMI) was calculated by the
formula BMI = Weight (kg)/ Height (m?). Underweight was defined as, BMI-
for- age and genderless than the fifth centile and overweight and obese as
the adult equivalent of 23 and 27 kg/m? as recommended for Indian
children [11]. Centiles of height, weight, and BMI were calculated from the
growth charts of the Indian Academy of Paediatrics [12].

Blood pressure was measured manually by the auscultatory method
using mercury sphygmomanometer in six schools and aneroid sphygmo-
manometer in the last four schools, mandated by a change in hospital
policy, that led to the withdrawal of mercury sphygmomanometers, due to
environmental concerns. Previous studies have confirmed that the BP
readings from aneroid sphygmomanometer closely reflect the readings
from the mercury sphygmomanometer within the limits specified by the
Association for the Advancement of Medical Instrumentation and hence
can be used for clinical and research purposes [13, 14]. Blood pressure
measurements were done by trained paediatric residents, paediatricians,
or paediatric nephrologists.

An appropriate-sized BP cuff was used, and the blood pressure was
recorded according to standard recommendations: systolic blood pressure
(SBP) at Korotkoff-1 and diastolic blood pressures (DBP) at Korotkoff-5. If
the Korotkoff sounds were heard till a very low level or up to 0 mmHg, the
point at which the sound was muffled (phase IV Korotkoff) was taken as
the diastolic blood pressure (DBP) The measurement was read to the
nearest 2mmHg. The BP recording was classified using the criteria
recommended by the 2017 Current practice guidelines (CPG) using the
actual height in centimeters. [15].

If the BP recording was above the 90th centile for age, gender, and
height in children <13 years of age or above 120/80 in children > 13
years of age, two additional readings were taken 10 min apart by the
same person Mean SBP and mean DBP of the three readings were then
calculated. If either the mean SBP or DBP was more than the cut-offs, the
BP was considered high. The BP was categorized as normal if it was <
90th percentile, elevated if it was > 90th percentile to < 95th percentile,
stage 1 hypertension if it was > 95th percentile to < 95th percentile +
12 mmHg, and stage Il hypertension if it was = 95th percentile + 12
mmHg. The subtype was classified as systolic diastolic hypertension

(SDH) if both systolic and diastolic BP were above the cut-offs, isolated
systolic hypertension (ISH) if only the systolic BP was above the cut-off
and isolated diastolic hypertension (IDH) if only diastolic BP was above
the cut-offs.

Statistical analysis

The optimal sample size was calculated using SAS 9.2 package considering
the prevalence of hypertension (HO) as 3% with an anticipated prevalence
(H1) of 5% [16]. Power analysis was used to determine the representative
sample size required to study the difference in the prevalence of
hypertension in the two types of schools. The minimal sample size calculated
for each category (private schools representing middle income and
government schools representing lower-income) was 942 assuming an alpha
of 0.05 and power of 90% giving a total sample of 1884 children.

Data were presented as mean*SD for continuous data and as
frequency or percentage for categorical data. Prevalence of hypertension,
elevated BP and the different subtypes of high BP were calculated and
expressed as a percentage of total students evaluated. The distribution of
elevated BP and hypertension in different categories determined by age,
gender, BMI, school type, and location were compared by the chi-
square test and the risks were expressed as an odds ratio. In case of
categorical variables, chi-2 test was performed for comparison of means
of two groups, F-statistic was used to determine the significance of the
association. Multiple logistic regression was used to evaluate the
significance of the association of selected variables including age, gender,
BMI categories, government or private schools, and urban or rural
residence with hypertension and elevated BP. The variance inflation factor
(VIF) was used to examine multicollinearity. In general, if the value of VIF is
below 10, it was considered to have no multicollinearity. VIF in our study
was below 10 for each variable tested and hence multicollinearity was not
present in our analysis. We reported p values for each test and 95% Cl
where applicable. The difference with a p value <0.05 was considered
significant. Data were analyzed on Stata software version 15.

RESULTS

Two thousand six hundred and forty-four students in classes eight
and nine in the ten schools were included in the study (Fig. 1). The
baseline characteristics of the students are summarised in
Table 1. Figure 1 shows the flow chart of the adolescent children
included in the screening program.

N=2664 (M = 1356, F = 1308)

Total no. of students screened in 10 schools.

\4

Excluded n= 20 (M=11, F=09)
8 had incomplete anthropometric or demographic
data.
11 had one or more reading of either SBP / DBP
missing
1 boy did not consent for BP measurement.

Total no of students evaluated n = 2644 (M = 1345, F = 1299)

!

n =338 (M =173, F= 165)

Total no of students with initial high BP readings (systolic & or diastolic)

Average of 3 BP readings

Total no of students with high BP
n=273 (M =133, F = 140)

Total no of students with normal BP

n=65(M =40, F =25)

Fig. 1
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Flow chart of adolescent children included in the screening program.

Journal of Human Hypertension (2022) 36:1003-1010



U.S. Ali et al.

1005
Prevalence of elevated blood pressure and hypertension children (7.5%): stage | hypertension in 170 (6.4%) and stage Il in
A total of 273 (10.3%) children had high blood pressure 27 (1%). Elevated BP was found in 76 (2.9%).
(hypertension plus elevated BP). Hypertension was seen in 197
Risk factors for elevated BP and hypertension
Age and gender. The prevalence of elevated BP was higher in
children =15 years of age when compared with children <15
Table 1. Baseline characteristics of the students. years of age (p=0.006). The prevalence of elevated BP and
hypertension was comparable in boys and girls (Table 2).

Total Boys Girls

n (%) 2644 (100) 1345 (50.9) 1299 (49.1) BMI categories. Univariate analysis showed a significant associa-
Age and Anthropometric profile (mean +/—SD) tion between obesity and overweight with elevated BP and

hypertension (Table 2). Compared to children with normal BMI,
Ag.e (years) 1387£1.01 1399£1.04 = 1375097 the odds of an obese child having elevated BP were 4.60 (2.25,
Height (cms) 153394846 155924952 15072+6.21 9.41) and an overweight child 2.72 (1.54, 4.82). Similarly, the odds
Weight (kg) 43.17 +9.87 43.78+10.72 42.54+8.85 ratio (OR) of an obese child having hypertension was 8.22 (5.38,
BMI (kg/m?) 18.25 + 3.47 17.86+3.44  18.66+3.45 12.56) and an overweight child 3.42 (2.37, 4.94). Underweight

) 0 showed no association to high BP.

BMI categories, n (%) The odds for stage | hypertension [OR 3.17 (2.15,4.68)] and stage
Obese 135(5.1) 76 (5.6) 59 (4.5) Il hypertension [OR 6.57(2.36,18.2)] in the overweight children
Overweight 309 (11.6) 149 (11) 160 (12.3) were significantly higher than for normal-weight children.
Underweight 213 (8) 125 (9.2) 88 (6.7) Similarly, the odds for having stage 1 [OR 6.45 (4.03,10.3)] and
Normal 1987 (75.1) 995 (73.9) 992 (76.3) stage 2 hypertension [OR 29.65 (11.62, 5.63)] were even higher for

the obese as compared with normal-weight children.

Type of school (n=10), n (%)

Private (n =3) 1210 (45.8) 591(22.4) 619 (23.5) Type of schools: government and private schools. The prevalence
Government (n = 7) 1434 (54.2) 754 (28.5) 680 (25.7) of hypertension was not significantly different between the
private and government schools. However, the risk of elevated

Location of government schools (n=7), n (% - . . .
9 L LGy BP was lower in children from private schools as compared with

(Gove3r)nment urban 560 (21.2) 303 (11.5) 257 (97) those from government schools [OR 0.5 (0.3,0.82)] (Table 2).

n=

Government Rural 874 (33.1) 451 (17.1) 423 (16) Government urban and rural schools. There was no significant
(n=4) difference in the prevalence of elevated BP, hypertension, and

Table 2. Prevalence of elevated BP and hypertension and its distribution in the different categories.

Total number of students (n = 2644) Elevated BP n =76 (2.9 %) Hypertension n =197 (7.5%)

Category n (%) OR (95% Cl) p value n (%) OR (95% ClI) P value

Gender

Boys (n = 1345) 41 (3.1) 1.12 0.627 92 (6.8) 0.81 0.16
(0.71. 1.77) (0.61,1.09)

Girls (n = 1299) 35 (2.7) (reference) 105 (8.1) (reference)

Age

< 15 years (n =2100) 50 (2.4) (reference) 150 (7.4) (reference)

> 15 years (n = 544) 26 (4.8) 1.97 0.006 47(8.9) 1.22 0.265
(1.21, 3.22) (0.86, 1.72)

BMI categories

Obese (n = 135) 10 (7.4) 4.6 <0.001 40 (29.6) 8.22 <0.001
(2.25, 9.41) (5.38, 12.56)

Overweight (n =309) 16 (5.2) 2.72 <0.001 48 (15.5) 3.42 <0.001
(1.54, 4.82) (2.37, 4.94)

Underweight (n =213) 2 (0.9 0.38 0.155 5(2.3) 0.42 0.06
(0.09, 1.57) (0.17, 1.05)

Normal BMI (n = 1987) 48 (2.4) (reference) 104 (5.2) (reference)

School Type

Private (n =1210) 22 (1.8) 0.5 0.006 85 (7) 0.86 0.33
(0.3, 0.82) (0.64, 1.16)

Government (n = 1434) 54 (3.8) (reference) 112 (7.8) (reference)

Government school location

Government Urban (n = 560) 22 (3.9) 1.1 0.75 39 (7) 0.81 0.31
(0.63, 1.91) (0.54, 1.21)

Government Rural (n = 874) 32 (3.7) (reference) 73 (8.4) (reference)

Statistically significant p-values are in bold.
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Table 3. High BP (elevated BP and hypertension) in the different BMI categories according to school type and location.

School Type Government School Location

Privaten (%) Governmentn (%) p-value Government Urban n (%) Government Rural n (%) p-value
Total students 1210 1434 560 874
Distribution of BMI categories in the different schools
Obese 80 (6.6) 55 (3.8) 0.001 22 (3.9) 33 (3.8) 0.883
Overweight 194 (16) 115 (8) <0.001 49 (8.8) 66 (7.6) 0.415
Underweight 69 (5.7) 144 (10) <0.001 52 (9.3) 92 (10.5) 0.446
Normal BMI 867 (72) 1120 (78) <0.001 437 (78) 683 (78) 0.961
Distribution of high BP (elevated BP and hypertension) in the different BMI categories
Obese 25 (31.3) 25 (45.5) 0.095 11 (50) 14 (43.4) 0.581
Overweight 33 (17) 31 (27) 0.051 13 (26.5) 18 (27.3) 0.929
Underweight 1(01.4) 6 (4.2) 0.3 3(5.8) 3(3.3) 0.475
Normal BMI 48 (5.5) 104 (9.4) 0.002 34 (7.8) 70 (10.4) 0.144
Statistically significant p-values are in bold.
Table 4. Prevalence of high blood pressure based on type of sphygmomanometer.

Total n (%) Mercury n (%) Aneroid n (%) p-value

Students tested 2644 (100) 1698 (64.2) 964 (36.4) 0.96
Elevated BP (%) 76 (2.9) 51 (3.0) 25 (2.6) 0.54
Hypertension (%) 197 (7.5) 126 (7.4) 71 (7.5) 0.96

stages of hypertension between government schools in urban and
rural locations (Table 2).

Subgroup analysis of BMI categories in the different types of
schools. Obesity and overweight were significantly higher in
private schools while the risk of being underweight was higher in
government schools (p <0.001). The number of normal-weight
children was also higher in government schools (p < 0.001). The
prevalence of hypertension and elevated BP in the obese and
overweight children was comparable in private and government
school children. The prevalence of hypertension in normal-weight
children was higher at 9.4% in government schools compared
with 5.5% in private schools (p = 0.002) (Table 3).

Subgroup analysis of BMI categories based on the location of
government schools (urban or rural). The prevalence of obesity,
overweight, underweight, and normal-weight children was
comparable in the government urban and rural schools. The
prevalence of elevated BP and hypertension in the overweight
and obese were also comparable in these two categories of
schools (Table 3).

Blood pressure measuring device. There was no difference in the
prevalence of elevated BP or hypertension on comparing the BP
measurements obtained from schools where mercury or aneroid
sphygmomanometers were used. (Table 4).

Prevalence of different subtypes of elevated blood pressure and
hypertension. In the combined high BP group (elevated BP plus
hypertension), the predominant subtype was SDH seen in 136
(5.1%), ISH was seen in 86 (3.25%), and IDH in 51 (1.9%).

Association of sub-types with risk factors

Gender and BMI. SDH was seen more commonly in girls (p +
0.006) while IDH was more in boys (p =0.001) whereas ISH was
seen in both. The prevalence of the subtypes in hypertensive
children and in those with elevated BP was comparable in obese,
overweight and normal-weight children (Table 5).

SPRINGER NATURE

School type and location. The prevalence of IDH was higher in
private schools compared with government schools (p =0.025).
Children from rural government schools had a significantly higher
prevalence of SDH (p =0.001) and lower prevalence of IDH (p =
0.001) when compared with urban government school children
(Table 5).

Impact on systolic and diastolic values

Stages of hypertension. The prevalence of the different subtypes
had a significant association with the stages of high BP. Children
with stage Il hypertension had a higher prevalence of SDH as
compared with children with stage | hypertension (p =0.005)
and those with elevated BP (p <0.001). The subtype ISH was
higher in children with elevated BP when compared with stage |
(p=0.001), however, it was similar to those with stage Il
hypertension (p =0.087). IDH was significantly higher in those
with elevated BP when compared with those with stage |l
hypertension (p = 0.048). However, IDH had a similar prevalence
in those with elevated BP and stage | hypertension (p = 0.382)
(Fig. 2). Figure 2 depicts the prevalence of the different subtypes
of hypertension in children with EBP, stage 1 and stage 2
hypertension.

Risk factor analysis. Multivariate logistic regression was used for
the association of hypertension and elevated BP with age, gender,
BMI categories, private or government school attendance, and
urban and rural residence (Table 6).

For hypertension, only BMI categories showed a significant
association. Obesity and overweight were significant high-risk
factors for hypertension with ORs of 9 (5.84, 13.88) and 3.77
(2.59,5.48) respectively, whereas underweight had a significantly
lower risk with an OR of 0.39 (0.16, 0.98) (Table 6).

For elevated BP, age, BMI category, and type of school
(government or private) showed significant association. Age >15
years [OR 2.09 (1.23, 3.54)], obesity [OR 5.71 (2.72, 11.97)], and
overweight [OR 3.35 (1.86, 6.01)] had significantly higher
prevalence of elevated BP, whereas children from private schools
had a lower risk [OR 0.44 (0.24, 0.83)]. Gender and urban or rural

Journal of Human Hypertension (2022) 36:1003-1010
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Table 5. Prevalence of subtypes of high BP and their distribution in different categories.
Total High BP Systolic diastolic Isolated systolic Isolated diastolic
hypertension hypertension hypertension
n (%) P value n (%) P value n (%) P value
n=273 136 (49.8) 86 (31.5) 51 (18.7)
Blood pressure categories
Hypertension (n = 197) 115 (58.4) <0.001 49 (24.9) <0.001 33 (16.8) 0.18
Elevated blood pressure (n =76) 21 (27.6) 37 (48.7) 18 (23.7)
Gender
Boys (n =133) 55 (41.4) 0.006 43 (32.3) 0.773 35 (26.3) 0.002
Girls (n = 140) 81 (57.9) 43 (30.7) 16 (11.4)
BMI categories
Obese (n = 50) 31 (62) 0.104 10 (20) 0.666 9 (18) 0.95
Overweight (n = 64) 29 (45.3) 0.651 23 (35.9) 0.08 12 (18.8) 0.955
Underweight (n=7) 2 (28.57) N/A 3 (42.86) N/A 2 (28.57) N/A
Normal BMI (n = 152) 74 (48.7) reference 50 (32.9) reference 28 (18.4) reference
School type
Private (n = 107) 49 (45.8) 0.285 31(28.9) 0.47 27 (25.2) 0.025
Government (n = 166) 87 (52.4) 55 (33) 24 (14.5)
Government school location
Government-urban (n =61) 22 (36.1) 0.001 23 (37.7) 0.34 16 (26.2) 0.001
Government-rural (n = 105) 65 (61.9) 32 (30.4) 8 (7.6)

N/A Not available for underweight due to insufficient sample size in that category.

Statistically significant p-values are in bold.

residence showed no significant association with either elevated
BP or hypertension (Table 6).

DISCUSSION

In our study in urban and rural adolescent school children from
Western India, hypertension was seen in 7.5% of the students. This
is similar to the global pooled prevalence of 7.89% for sustained
hypertension at 14 years of age, reported in a recent metanalysis,
and the pooled prevalence of 7.6% noted in an Indian metanalysis
of adolescent hypertension [9, 17]. Stage Il hypertension was seen
in 14% of our hypertensive children accounting for 1% of all
adolescents studied. This is again similar to the reported global
pooled prevalence of 0.95% [18]. The prevalence of elevated BP
was 2.9%, again comparable to the reported prevalence of
2.2-3.5% from the US [15]. We used the actual height in
centimeters to classify BP instead of the centiles, as the height
classified by the IAP reference charts fell into a higher centile than
by the CDC growth charts and would have led to an under-
estimation of the BP stage.

Of the 338 blood pressure values, that were high at the initial
measurement, 65 were normal in the second and third measure-
ments, confirming that nearly 20% of children would have been
wrongly diagnosed as hypertensive if only the first measurement
was taken. In a nationwide survey conducted in adults in India
(National Family Health Survey), it was found that there was a 63%
higher prevalence of hypertension when only the first reading was
considered for diagnosis in comparison with the mean of the
second and third readings [18].

In our study, although age was not a significant risk factor for
hypertension, children above fifteen years of age were twice as
likely to have elevated BP compared with children less than fifteen
years of age. Elevated BP is not an innocuous finding and needs
tracking as it is associated with several intermediate adverse
cardiovascular markers, cardiovascular disease, and mortality in
adults [19]. Late adolescent hypertension has been shown to have

Journal of Human Hypertension (2022) 36:1003-1010

a significant association with early adult coronary artery disease
and stroke [20].

The most significant risk factor for hypertension seen in our
study was obesity and overweight, which has also been noted in
many earlier studies [21, 22] Thirty percent of obese and 16% of
overweight children had hypertension and together accounted for
45% of all hypertensives and two-thirds of all children with stage Il
hypertension. This is comparable to the 34% prevalence noted in
obese Chinese children when using the CPG guidelines [23]
However, it is much higher than 20% prevalence of hypertension
seen in obese American schoolchildren at initial evaluation [24].
The lower prevalence in the above study could be partly due to
the use of the Fourth Task Force as a reference standard. Dong
et al. showed that prevalence calculated using the fourth task
force as a reference standard was significantly lower than with the
CPG and that this difference was more marked in children with
higher BMI [23].

On subgroup analysis, we found that the prevalence of obesity
and overweight was significantly lower in children attending
government schools that cater to low-income families when
compared with children from private schools (11.8% vs. 22.6%).
This has also been noted in other Indian studies [16, 25]. This is in
contrast to the finding in many countries where children from low-
income families have a higher prevalence of obesity [26, 27]. Despite
a significantly lower prevalence of obesity, the mean prevalence of
hypertension was similar in children from government and private
schools, drawing attention to risk factors beyond obesity for primary
hypertension in children from low-income families.

The prevalence of hypertension in normal-weight children was
5.2% which is far higher than the pooled global prevalence of
1.8% [17]. Significant hypertension of 14.5% in normal-weight
children between the ages of five and fifteen years has been
reported from the north-eastern region of India [28]. A study done
in prepubertal children in Eastern India a decade ago, found a
similar prevalence of hypertension in normal-weight children, as in
our study. Urinalysis done to rule out secondary causes in the
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Fig. 2 Prevalence of different subtypes in children with EBP, stage 1, and stage 2 hypertension.

above study was normal in more than 90% of all hypertensives,
suggesting that most of these children had primary hypertension
[29]. A higher prevalence of normal weight hypertension has also
been noted in other races such as African-Americans [24].

Contrary to most Indian studies that found a lower prevalence
of hypertension in rural children, our study failed to show a
significant difference between urban and rural children [30].
Although not statistically significant, the prevalence of hyperten-
sion in normal-weight children was higher in rural schools. Dietary
factors evaluated in a recent Indian study have shown no
difference in the diet between normotensive and hypertensive
urban children whereas rural hypertensive children had a higher
intake of junk food, sodium, and fat than their normotensive
counterparts [31]. Population studies in adults have shown that
salt intake is greater than the recommended five grams a day in
90% of Indians and the habit of adding more salt while eating was
higher in rural than in urban areas [32, 33]. Other risk factors that
need to be considered include but are not limited to low birth
weight, maternal pre-conception health, pregnancy-related factors
such as pre-eclampsia, gestational hypertension, neonatal adverse
events, dietary sodium intake, renal handling of sodium,
psychosocial stressors, as well as genetic predisposition [34].

The predominant subtype of high blood pressure in our study
was SDH seen in 5.1% of adolescents. This has also been reported
in an earlier study conducted in India and was much higher than
the reported global prevalence of 1.25% in children [29]. It was the
most common subtype seen in both obese and normal-weight
hypertensives. Its prevalence was 49.8% of all children with high
BP and increased directly with increasing severity of blood
pressure accounting for 85% of stage Il hypertension. It was seen
more commonly in girls, and in rural children.

Globally, ISH is the most common subtype, seen with a
prevalence of 1.5%. The prevalence of ISH in our study was
3.2% and was the second common subtype seen in nearly one-
third of all children with hypertension [18]. ISH is reported as the
predominant subtype in obese children accounting for 94% of
cases [21]. In our study, ISH comprised only 20% of obese
hypertensives. The hemodynamic basis for ISH in children has
been attributed to increased sympathetic activity and vascular
resistance in obese hypertensives [8]. Elevated systolic blood
pressures in normal-weight children have shown an association
with structural changes such as increased carotid intima-media
thickness and left ventricular hypertrophy. Systolic hypertension
may predict a future increase in left ventricular mass index [5, 35].

Isolated elevation of diastolic BP was the rarest subtype seen in
1.9% of all adolescents. Like ISH, its prevalence was highest in
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children with elevated BP and was rarely seen in stage Il
hypertension. It was more common in boys and in urban children.
Analysis of normative data from a previous study conducted in
South India had shown that Indian children had higher diastolic
pressures compared with their western counterparts [36].

A nationwide survey in Chinese children shows that the
prevalence of IDH to be 3.3% and was more common in girls
[37]. The pooled global prevalence is less than 1% [17]. The
underlying hemodynamic mechanisms and the cardiovascular
consequences of IDH in children are undefined. The impact of IDH
on cardiovascular outcomes in adults and the need for treatment
is controversial [18, 38]. The follow-up of the Framingham study in
adults showed that over a period of ten years IDH tracked into
SDH in 82% of the cases and was associated with an increase in
BMI [7].

Our study has several limitations. In the absence of national
reference data for pediatric blood pressure, we used the CPG 2017
as our reference standard which is based on normative data
in American children and thus could lead to under or over-
estimation of hypertension in Indian children. Due to reluctance
on the part of the school authorities, we did not repeat blood
pressure measurements on three separate visits to determine the
prevalence of sustained hypertension. We tried to limit the degree
of overestimation by taking two additional readings after a rest
period in all those whose initial reading was high and classified
them based on the mean of the three readings. We did not
perform three readings in those with initial normal readings.
Although the subsequent readings are known to be usually lower,
there could have been cases with higher readings, and these
could have been missed. We did not assess the effect of puberty
on BP as we did not do pubertal staging or obtain history of
menarche.

A change in the type of BP instrument used was made in the
latter part of the study, due to changes in the hospital policy.
Since the methodology of blood pressure measurement is
critical to the diagnosis and classification of hypertension, this
may introduce an element of bias. However, the prevalence of
both elevated BP and hypertension was similar in the schools
screened with the two instruments. As ours was a cross-sectional
study, the temporal effect of the risk factors could not be
assessed.

Moreover, our study was not designed to evaluate risk factors
for normal-weight hypertension. Larger studies, as well as
repeated measures, are needed in adolescents from different
regions of India to ascertain the generalizability of these findings.
Studies are also needed to assess the hemodynamic changes, the
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Table 6. Multivariate analysis of the risk factors for elevated BP and hypertension.

Risk factors Elevated BP n=76

n (%) OR (95%(Cl)
Gender
Female (reference) 35 (2.7)
Male 41 (3.1) 1.00 (0.63, 1.6)
Age
<15 years (reference) 50 (2.4)
>=15 years 26 (4.8) 2.09 (1.23, 3.54)
BMI categories
Normal (reference) 48 (2.4)
Overweight 16 (5.2) 3.35 (1.86, 6.01)
Obese 10 (7.4) 5.71 (2.2, 11.97)
Underweight 2 (0.9) 0.32 (0.08, 1.33)
Type of school
Government (reference) 54 (3.8)
Private 22 (3.9) 0.44 (0.24, 0.83)
Residence
Rural (reference) 32 (3.7)
Urban (Government + Private) 22 (3.9) 0.83 (0.45, 1.51)

Statistically significant p-values are in bold.

trajectories, and the cardiometabolic impact associated with the
different subtypes of high BP, as well as to identify risk factors for
hypertension in normal-weight children so that modifiable risk
factors may be addressed.

In conclusion, our study showed that one in ten Indian
adolescent school children had high blood pressure at initial
evaluation and this risk was one in five for the overweight and one
in three for the obese adolescents. Findings unique to our study
were the identification of SDH as the commonest subtype, the
prevalence of which increased with increasing levels of blood
pressure, and the identification of significant prevalence of
hypertension in normal-weight children.

Summary Table
What is known about this topic

® The prevalence of high blood pressure in Indian adolescents
ranges from 2% to 20.5% with a pooled prevalence of 7.6%.

® Overweight and obesity are significant risk factors for high
blood pressure in adolescent Indian children. 16

® Globally, isolated systolic hypertension is the most common
subtype seen in adolescent children, with a prevalence of 1.9%.

What this study adds

® Systolic diastolic hypertension was the most common subtype
of hypertension seen in our study, with the prevalence
increasing with increasing levels of blood pressure.

® 24% and 5.2% respectively, of normal-weight children, had
elevated blood pressure and hypertension.
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