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ABSTRACT Hypertension in children is becoming a growing health problem. It is often asymptomatic and
overlooked by the physician. Although death and cardiovascular disability do not occur in hypertensive children,
evidences of target organ damages are detectable in children with hypertension. Moreover, hypertension in
childhood continues into adulthood. This review summarizes the insights into the epidemiology of hypertension in
children, emphasizing the prevalence and risk factors for the development of hypertension in Asian Indian
children. A systematic literature review was carried out using PubMed and Google Scholar along with manual
searching from 1971 to 2017. The prevalence of hypertension ranges from 0.5 to 11.7 percent. Though, the
prevalence is higher in urban population, an upward trend is noticeable in rural population as well. The strongest
risk factor for hypertension in children is obesity. Lower insulin sensitivity may also play an important role for the
development of hypertension in Asian Indian children.

INTRODUCTION

Hypertension is now recognized globally as
a major public health problem (Cappuccio et al.
2004). Being a leading risk factor of non-commu-
nicable diseases like cardiovascular disease,
type 2 diabetes mellitus and renal disease
(Monyeki et al. 2006), hypertension accounted
for 9.4 million deaths and seven percent of dis-
ability adjusted life years globally in 2010 (Lim
etal. 2013). Hypertension ranked second for its
attributed death and disease burden in south
Asia (Lopez et al. 2006). It is directly responsible
for fifty-seven percent of all stroke deaths and
twenty-four percent of all coronary heart dis-
ease deaths in India (Gupta 2004).The preva-
lence of hypertension in India is twenty-five
percent and ten percent in urban and rural area,
respectively (Anchalaa et al. 2014). It has been
predicted that by 2025, 22.9 percent men and
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23.6 percent women in India will be hyperten-
sive (Kearney et al. 2005).

Not only in adults, hypertension in children
and adolescents are also becoming a growing
heath problem (Riley and Bluhm 2012) with in-
creasing prevalence and rate of diagnosis (Luma
and Spiotta 2006). But, little attention has been
given to the problem of hypertension in young.
This might be due to the lack of awareness, con-
sidering it as a problem of adult and asymptom-
atic nature in children (Luma and Spiotta 2006;
Anyaegbu and Dharnidharka 2014). Interesting-
ly, the negative and potentially severe conse-
quences of hypertension as observed in adults
were also observed in children. Papers docu-
mented the evidence of target organ damages
including left ventricular hypertrophy and
pathological vascular changes (Lande et al.
2006; Drukteinis et al. 2007), as well as neurolog-
ical changes including reduced cognitive func-
tion (Lande et al. 2009) in children also.

The current global prevalence of primary hy-
pertension in children and adolescent is esti-
mated to be about one to five percent (Grinsell
and Norwood 2009; Thompson et al. 2013; An-
yaegbu and Dharnidharka 2014). The strongest
risk factor for primary hypertension in children
and adolescent is overweight and obesity (Ban-
calari etal. 2011; Kumar et al. 2017). Other risk



56

factors for primary hypertension includes low
birth weight (Duncan et al. 2011), dietary pattern
(Damasceno et al. 2011; Kajale et al. 2016), breast-
feeding duration (Martin et al. 2004), ethnicity
(Berenson et al. 1979), sex (Dasgupta et al. 2006),
age (Saha et al. 2008), sodium intake (Yang et al.
2012), physical inactivity (Vale et al. 2015), pa-
rental smoking (Simonetti et al. 2011), lower so-
cioeconomic status (Schreier and Chen 2010) and
family history of hypertension (Robinson et al.
2005).

Since the publication of the first report from
the National Heart Lung and Blood Institute
(NHLBI) on high blood pressure in children in
1977, several papers accepted the hypothesis
that essential hypertension in adulthood has its
origin in the childhood (National Heart Lung and
Blood Institute 1977; Salgado et al. 2003; Na-
tional High Blood Pressure Education Program
Working Group on High Blood Pressure in Chil-
dren and Adolescents 2004; Chen and Wang
2008). Bogalusa’s Heart Study demonstrated that
children with elevated blood pressure are 2 to 3
times more likely to develop essential hyperten-
sion in young adulthood (Bao et al. 1995). Meta-
analysis of longitudinal studies demonstrated
that systolic blood pressure measured in child-
hood predicts future blood pressure with an
overall tracking coefficient of about 0.40 (Chen
and Wang 2008). Though, adult hypertension is
the leading cause of premature death including
cardiovascular disease, data relating childhood
hypertension with related events such as car-
diovascular disease, kidney failure, stroke in
adulthood are lacking (Chobanian et al. 2003).
However, an association of elevated blood pres-
sure in childhood with intermediate markers of
cardiovascular disease like left ventricular hy-
pertrophy (Daniels et al. 1998), change in left
ventricular mass (Urbina et al. 1995), carotid ar-
tery intima-media thickness and arterial stiffness
(Urbinaetal. 2011) has been observed.

Objectives

The objectives of this review are to summa-
rize the insights into the epidemiology of prima-
ry hypertension in children, emphasizing on the
prevalence and risk factors for the development
of hypertension in Asian Indian children.

METHODOLOGY

Literature was researched from 1971 to 2017
on hypertension in Asian Indian children and
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adolescents using electronic search engines
PubMed and Google Scholar along with manual
searching. Cross references of all selected pa-
pers were also used to identify further relevant
papers. The keywords used were ‘hypertension’,
‘hypertension in Asian Indian’, ‘hypertension
in Asian Indian children and adolescent’, ‘hy-
pertension in school going children’, ‘hyperten-
sion in urban children’, “hypertension in rural
children’, “elevated blood pressure in Asian In-
dian children and adolescents’ and ‘hyperten-
sion risk factors in Asian Indian children and
adolescents’. Published papers for the present
review were selected from available published
papers conducted in samples from India and re-
stricted to English language. At first, the title of
the paper and abstracts were reviewed for rele-
vance, and then potential relevant full text pa-
pers or abstracts, where full texts were not avail-
able were extracted. Papers without full text where
abstracts were also unavailable were excluded
from the review.

Definition and Classification of Hypertension
in Children and Adolescents

The definition of hypertension in adult is
based on outcomes like myocardial infarction
and stroke, as the incidence of these events in-
creases in a linear fashion with blood pressures
>120/80 mmHg (Chobanian et al. 2003; Lande
and Flynn 2009). However, such outcomes are
very rare in children and adolescents, and thus
the definition of hypertension in children and
adolescents is based on the normative distribu-
tion of blood pressure in healthy children (Na-
tional High Blood Pressure Education Program
Working Group on High Blood Pressure in Chil-
dren and Adolescents 2004; Lande and Flynn
2009).

The most recent and worldwide adopted def-
inition and classification scheme for blood pres-
sure in children and adolescents is that recom-
mended by the United States National High
Blood Pressure Education Program (NHBPEP)
working group on high blood pressure in chil-
dren and adolescents in 2004 (Table 1) (National
High Blood Pressure Education Program Work-
ing Group on High Blood Pressure in Children
and Adolescents 2004). According to the NHB-
PEP (National High Blood Pressure Education
Program Working Group on High Blood Pres-
sure in Children and Adolescents 2004) normal
blood pressure is defined as systolic blood pres-
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Table 1: Classification of hypertension in chil-
dren and adolescents

Classification Systolic or diastolic blood

pressure percentile”

Normal <9t

Prehypertension/ 90" to <95 or if BP exceeds

high normal 120/80 mmHg even if below
90" percentile up to <95th
percentile

95" percentile to the 99
percentile plus 5 mmHg

>99" percentile plus 5 mmHg

Stage 1 hypertension

Stage 2 hypertension

“Based on sex, age, and height; measured on at least
three separate occasions

Source: National High Blood Pressure Education
Program Working Group on High Blood Pressure in
Children and Adolescents, 2004.

sure (SBP) and diastolic blood pressure (DBP)
that is less than the 90" percentile for sex, age,
and height. Hypertension is defined as average
SBP or DBP that is greater than or equal to the
95" percentile for sex, age, and height on at least
three separate occasions. Average SBP or DBP
levels that are greater than or equal to the 90t
percentile, but less than the 95" percentile, had
been designated as “high normal” or “pre hy-
pertension” and were considered to be an indi-
cation of high risk for developing hypertension
(National High Blood Pressure Education Pro-
gram Working Group on High Blood Pressure in
Children and Adolescents 2004).

On the basis of etiology, hypertension in
children and adolescent can be classified into
two main types, namely, primary (essential) and
secondary hypertension (National High Blood
Pressure Education Program Working Group on
High Blood Pressure in Children and Adoles-
cents 2004; Bagga et al. 2007). Primary hyper-
tension is typically characterized by mild or Stage
one hypertension and is often associated with
being overweight or obesity, positive family his-
tory of hypertension and cardiovascular disease
(National High Blood Pressure Education Pro-
gram Working Group on High Blood Pressure in
Children and Adolescents 2004; Anyaegbu and
Dharnidharka 2014). Secondary hypertension is
more common in very young children than oth-
ers and associated with an underlying cause like
renal parenchymal disease, endocrine disorder,
vascular or neurological condition (Bagga et al.
2007; Anyaegbu and Dharnidharka 2014).
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OBSERVATIONS AND DISCUSSION

Prevalence of Hypertension: Indian
Perspective

The majority of recent papers revealed an
increase in the prevalence of hypertension in
children and adolescents throughout the world
(Muntner et al. 2004; Din-Dzietham et al. 2007,
Bancalari et al. 2011; Durrani and Waseem 2011,
Maldonado et al. 2011; Zhang and Wang 2011).
The increase in childhood blood pressure level
is largely due to the obesity (Muntner et al. 2004;
Malatesta-Muncher and Mitsnefes 2012). Data
from recent papers in children and adolescents
reported similar findings from India also as well.

Inacurrent paper Arora et al. (2017) demon-
strated that the prevalence of systolic and dias-
tolic hypertension was 10 percent and 10.5 per-
cent, respectively among adolescents in Amrit-
sar. In another paper by Raj et al. (2007) in 24,842
children aged 5-16 years from Kerala, hyperten-
sion was seen in 10.1 percent of normal weight
children; however the prevalence was 17.3 per-
cent and 18.3 percent for overweight and obese
children, respectively. Another paper from ur-
ban Chennai (Jagadesan et al. 2014) demonstrat-
ed that the prevalence of hypertension was 20.4
percent among obese adolescents, compared to
5.2 percent among non-obese adolescents.

Laroia et al. (1989) found the overall preva-
lence of hypertension was 2.9 percent in
school children between the age group of 5-14
years. A paper by Ghosh and Bandyopadhyay
(2013) showed that the prevalence of hyperten-
sion in girls aged between 5-16 years of West
Bengal was 8.6 percent. The prevalence of
hypertension was seen in 6.4 percent adolescents
in New Delhi (Goeletal. 2010). Patil and Garg (2014)
observed the overall prevalence of hypertension
was three percent in rural area of Wardha. Sharma
et al. (2010) observed the prevalence of
hypertension in Shimla was 5.9 percent. In Kar-
nataka, the prevalence of hypertension was 2.6
percent among children and young adults aged
between 0-25 years (Kumar et al. 2008). In Rajas-
than, the prevalence of hypertension was 1.5 per-
cent in school going children aged between 12-
18 years (Dholpuria et al. 2007). Another paper
from the Western part of Indian showed that the
prevalence of hypertension was 7.2 percent in
middle and upper-middle class adolescent school
children aged between 13-17 years in Jaipur
(Gupta et al. 1998). A paper from Punjab dem-
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onstrated the prevalence of hypertension was
2.8 percent at the first screening but decreased
to 1.3 percent and 1.1 percent by 6 and 9 months,
respectively in apparently healthy school
children of 5to15 years (Vermaetal. 1994). The
overall prevalence of hypertension was found
to be 9.4 percent among school children aged
between 12-16 years in Aligarh (Durrani and
Waseem 2011).

However, the overall prevalence of pediatric
hypertension in India is unknown, due to the
ethnic heterogeneity, distribution of reference
blood pressure data and lack of national level
health surveys on blood pressure in children
and adolescent. However, some regional at-
tempts have been made to understand the prev-
alence of hypertension in different ethnic
groups. According to the available reports the
prevalence of childhood hypertension ranges
from 0.5 percent to 11.7 percent in Indian chil-
dren (Anand and Tandon 1996; Chadha et al.
1999). Arecent analysis of school based cross-
sectional data on 6380 children aged 6-18 year
from five major cities (Chennai, Delhi, Kolkata,
Pune and Raipur) in India revealed that the over-
all prevalence of hypertension was 5.6 percent
(Kajale et al. 2014). Studies that were conducted
both in urban and rural areas demonstrated that
the prevalence of hypertension was compara-
tively higher in urban areas than rural areas (Mo-
han et al. 2004; Mitra et al. 2011). A previous
paper by Sharma et al. (2010) showed that the
prevalence of hypertension was higher in urban
children, but interestingly pre hypertension was
higher in rural children. However, Narayanappa
etal. (2012) have found no significant differenc-
es in the prevalence of hypertension between
rural and urban areas.

Risk Factors of Hypertension:
Indian Perspective

There is commonly an underlying disorder
for hypertension in younger children (that is,
secondary hypertension). A recent hospital
based paper among 135 children demonstrated
an underlying cause for secondary hyperten-
sion in 93.3 percent children (Kota et al. 2013). In
some cases, the underlying causes were present
in more than 98 percent (98.4%) of children (Hari
et al. 2000). However, few attempts have been
made to understand the causes of hypertension
in Asian Indian children (Khalil et al. 1991; Kota
etal. 2013; Kumar et al. 2017). The chief causes
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identified for secondary hypertension includes
chronic glomerulonephritis, endocrine disorders,
obstructive uropathy, reflux nephropathy, ren-
ovascular disease, Takayasu’s disease, throm-
botic micro angiopathy and intrinsic renal pa-
renchymal disease (Khalil etal. 1991; Hari et al.
2000; Kotaetal. 2013).

However, in older children and adolescents,
high blood pressure is primarily due to essential
(primary) hypertension (Falkner 2010; Kota et
al. 2013; Uddaraju and Ram 2013). Primary hy-
pertension is the most common form of hyper-
tension in clinical practice (Uddaraju and Ram
2013) among children and often coexists with
other cardiovascular risk factors. Though, there
is no specific underlying disorder that causes
primary hypertension, presence of some factors
may increase the risk of developing primary hy-
pertension. A number of community based pa-
pers have demonstrated that there were a posi-
tive relationship between anthropometric mea-
surements and blood pressures in children (Dur-
rani and Waseem 2011; Ghosh and Bandyo-
padhyay 2013; Ahmed et al. 2016; Kumar et al.
2017). However, the strongest risk factor for pri-
mary hypertension in children, both in urban and
rural population was elevated body mass index
(BMI) (Mohan et al. 2004; Kajale et al. 2014; \er-
ma and Sinah 2014; Goel et al. 2016) (Table 2).
However, the rate of change in BMI appears to be
more significant than the absolute level of BMI in
influencing pediatric blood pressure as evidenced
by a recent cohort of 12129 children (Raj et al.
2010). Children who are overweight or obese have
two to three times higher risk of developing hy-
pertension. It was observed (Gupta and Ahmad
1990; Mohan et al. 2004; Raj et al. 2007; Sharma et
al. 2010; Borade et al. 2011; Jagadesan et al. 2014)
that the rates of hypertension were significantly
higher among those with high BMI (overweight
and obese) compared to those with normal BMI.
The association of hypertension with overweight
and obesity is particularly a concern of urban
society, where the number of overweight and
hypertensive children is increasing and more in
affluent society (Mitraetal. 2011). A recent paper
in an urban area of South India (Jagadesan et al.
2014) demonstrated that the prevalence of over-
weight and obesity was high among private
schools with a higher incident of hypertension
among them. However, not only hypertension,
but also hypertriglyceridemia, low high density
lipoprotein-cholesterol and dysglycemia were
also more commonly observed in overweight and
obese children (Tandon et al. 2013).
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Table 2: Hypertension risk factors in Asian Indian
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children and adolescents

Authors Year Area of Study Age Major findings
study design range
Kumar et al. 2017 Patna Cross- 13-15  Overall prevalence of hypertension was 4.6
sectional years percent. Both systolic and diastolic blood
pressures had positive and significant
correlation with age, height and BMI.
Moreover, the prevalence of hypertension
increases with age.
Kajale et al. 2014 Chennai, Cross- 6-18 Overweight children demonstrated double risk
Delhi, sectional  years of hypertension and this was seven times
Kolkata, higher for obese children than normal-
Pune and weight children. Higher waist circumter-
Raipur ence and waist height ratio exhibited 1.5
times risk and larger Wrist 1.3 times higher
risk of hypertension.
Patil and Garg 2014 Wardha Cross- 6-16 Both systolic and diastolic blood pressure
sectional  years demonstrated  significant  positive
correlation with height, weight, BMI and
WC in both sexes.
Ghosh and 2013 Howrah Cross- 5-16 WC is the best adiposity measure in predic-
Bandyopadhyay sectional  years ting hypertension in girls. However, there
was no significant association of BMI
with hypertension.
Sharma et al. 2010 Shimla Cross- 11-17  Rates of elevated blood pressure were signi-
sectional  years ficantly higher among those with high
body mass index (overweight and obese)
compared to those with normal body mass
index.
Goel et al. 2010 New Delhi Cross- 14-19  Hypertension was associated with obesity,
sectional  years higher serum lipids and family history
of hypertension.
Saha et al. 2008 Kolkata Cross- 10-19  Age, educational status, diet, family history
sectional  years of hypertension, weight, height and body
mass index were significantly correlated
with both systolic and diastolic blood
pressures.
Tripathy and Gupta 2007 Leh, Cross- 10-19  Measures of adiposity (SFT, BMI and MUAC)
Bylakuppe, sectional years have a significant effect on blood pressures.
Chandragiri Children and adolescents at high altitude
and Delhi demonstrated lower blood pressure values
compared to low altitude children and
adolescents.
Mohan et al. 2004 Ludhiana Cross- 11-17  There was significant increase in prevalence
sectional years of hypertension in both rural and urban
population. Blood pressure is frequently
elevated in obese children as compared to
lean subjects.
Verma et al. 1995 Punjab Cross- 5-15 Systolic as well as diastolic blood pressure
sectional  years increased with age in both sexes. Obesity
and family history of hypertension
in children were significantly associated
with elevated blood pressure.
Gupta 1991 Aligarh Cross- 5-15 Children of people with hypertension or
sectional  years other morbhid cardiovascular events are

more likely to have persistently elevated
blood pressures than children from fami-
lies without such a history.

Different multinomial regression models for

e-tracking parameter in Asian Indian children in-
dicated that the relative risk of hypertension was
highest with high pulse wave velocity, low densi-
ty lipoprotein-cholesterol and elastic modulus,
which were also significantly higher in obese and

overweight children compared to normal weight
children (Panditetal. 2011). Serum e-selectin lev-
els also revealed strong positive association with
both systolic and diastolic blood pressure in chil-
dren. Higher e-selectin levels can induce endot-
helial activation and play an essential role in the
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earliest stage of the atherosclerotic process in
obese and overweight children (Rao et al. 2011).

Papers also demonstrated that children with
family history of hypertension are more likely to
have elevated blood pressures than children
without family history of hypertension (Gupta
and Ahmad 1990; Gupta 1991; Verma et al. 1994;
Verma and Chhatwal 1995; Anand and Tandon
1996; Joshi et al. 2003; Goel et al. 2016). Borade
etal. (2011) in arecent paper observed positive
family history of hypertension in 76.4 percent
hypertensive adolescents, compared to 23.6 per-
cent in adolescents without hypertension. It was
also observed that children with elevated blood
pressure and family history of hypertension had
higher serum cholesterol, serum triglycerides,
twenty four hour urinary sodium excretion and
BMI as compared to controls (Joshi et al. 2003;
Saha et al. 2008; Goel et al. 2010; Borade et al.
2011).

Sex has not been consistently linked to hy-
pertension risk in Asian Indian children. Some
papers demonstrated no significant differences
in the prevalence of hypertension between two
sexes (Vermaetal. 1994; Savitha et al. 2007), while
others demonstrated that the prevalence was
more in boys than girls (Kajale et al. 2014). Patil
and Garg (2014) in a recent paper observed that
the prevalence of hypertension in female was
found to be comparatively higher than the male,
though the difference was not statistically sig-
nificant. The dissimilarity in pattern of blood
pressure between male and female is probably
related to certain biological and psychosocial
factors. The appearance of secondary sex char-
acters together with the menarche may associ-
ate with a high level of anxiety resulting in high-
er blood pressure values in girl (Durrani and
Waseem 2011).

Other factors that are responsible for hyper-
tension in Asian Indian children include lifestyle
changes such as physical inactivity (Saha et al.
2008) and inappropriate dietary practices like
high fast food consumption and low fruit con-
sumption (Joshi et al. 2003; Singh et al. 2006).
Low dietary-calcium intakes also increase the
risk of hypertension (Kajale et al. 2016). It was
observed that Asian Indian adolescents received
less energy from carbohydrates and more from
fats in comparison to the recommended stan-
dard (Dholpuria et al. 2007). Sodium intake was
also found to be very high among them, where-
as fiber intake was low (Joshi et al. 2003; Dholpu-
riaetal. 2007; Goel etal. 2010).
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Geographic location was also found to be
associated with elevated blood pressure (Krish-
naetal. 2007). It was observed that children and
adolescents from high altitude have lower mean
blood pressure than low altitude children (Trip-
athy and Gupta 2007).

In general, literature review in Indian per-
spective revealed a typical pattern in Asian In-
dian children. They have higher mean blood pres-
sure compared to white with a lower BMI, but,
interestingly had higher body fat (Clark et al.
1998; Nazroo et al. 2001; Whincup et al. 2002;
Ramachandran et al. 2004; Raj et al. 2007; Ram-
achandran et al. 2007). Moreover, central obesi-
ty measure was more strongly associated with
hypertension risk than general obesity measure
(Goel et al. 2010; Ghosh and Bandyopadhyay
2013). Asian Indian children also have lower in-
sulin sensitivity compared to others (McKeigue
etal. 1993; Ramachandran et al. 2004; Ramachan-
dran et al. 2007). Elevated blood pressure at a
lower BMI in Asian Indian children may be relat-
ed to lower insulin sensitivity (Ramachandran
et al. 2007). Because, insulin sensitivity is in-
versely associated with body fat, especially at
central region (Ferrannini et al. 1996; Reaven
1998; Gupta 2004; Ramachandran et al. 2007). In
the paper Ramachandran et al. (2007) demon-
strated that majorities of the normal weight chil-
dren had at least one cardio-metabolic abnor-
mality including elevated blood pressure and
both plasma insulin and waist circumference was
strongly associated with these abnormalities.

CONCLUSION

Hypertension, previously considered a dis-
ease of adulthood, has now become increasing-
ly common in the pediatric population, especial-
ly in urban areas. The primary reason for this is
attributed to increased prevalence of childhood
obesity, due to the rapid economic growth and
related improvement in nutritional and socioeco-
nomic status of the country. Along with these,
behavioral transition in terms of dietary pattern
and sedentary lifestyle of children also played
an important role for increasing incidents of obe-
sity and associated hypertension in India. How-
ever, it is interesting that there was an upward
trend noticeable in rural population as well. This
might be the effect of urbanization and gradual
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declination of rural population towards seden-
tary life style.

RECOMMENDATIONS

The results obtained from such studies could
be used for effective prevention and manage-
ment of hypertension in Asian Indian children.
Because, initiation of intervention at an early
stage could potentially decrease the rate and
progression of hypertension from childhood to
adulthood and thus it could reduce the clinical
consequences of hypertension in adulthood.

LIMITATIONS

The limitation of this review is the lack of
sufficient data, especially from rural areas. Ow-
ing to the vast ethnic and cultural heterogeneity
in Indian population, a comprehensive review
considering different ethnic groups from differ-
ent parts of India is necessary to understand
the prevalence and risk factors of hypertension
in Asian Indian children.
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