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Elevated Blood Pressure and Its Associated Risk Factors among
Adolescents of a North Indian City - A Cross-sectional Study
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Context: Amidst the uncertainty in childhood blood pressure (BP) thresholds, besides the ambiguity in levels and duration of BP elevation causing
organ damage, hypertension is present in substantial number of asymptomatic children and adolescents with only a few studies disclosing the
setup. With projection of deaths due to noncommunicable diseases in 2030 rising to 52 million, it is necessary to know about the knowledge of
present adolescents about BP and its modifiable risk factors. Aims: (1) To assess the prevalence of elevated BP among adolescents and to ascertain
the associated risk factors. (2) To assess adolescent’s knowledge about BP and its modifiable factors. Settings and Design: A community-based
cross-sectional study was conducted on school going adolescents of Lucknow, from September 2014 to August 2015. Subjects and Methods: BP,
height, and weight were measured following standard protocols, Centers for Disease Control and Prevention charts for finding respective
cut-off values and oral questionnaire for assessing lifestyle risk factors were used. Statistical Analysis: Chi-square, unpaired #-test, and logistic
regression were used. Results: Of the 1041 participants, elevated BP (BP percentile >90) was prevalent in 24.2%. On regression, factors such as
obesity (adjusted odds ratio [aOR] = 5.8, 95% confidence interval [CI] =3.6-9.4), low fruit diet (aOR = 3.3, 95% CI=2.1-5.4), and frequent junk
food consumption (aOR = 1.9, 95% CI = 1.3-2.8) raised the odds of elevated BP while it was lowered by being physically active (aOR = 0.67,
95% CI=0.46-0.97). Of 86.3% of children (n = 898) who were fathomed of BP, only less than third (33% and 21.9%) acquainted of BP raising
and lowering practices, respectively. Conclusions: Prevalence of high BP is colossal with only a few children knowing its amendable nature.
Strenuous efforts targeting detrimental behaviors and imparting the sense of healthy lifestyle enhancing practices are vital to control this epidemic.
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To assess adolescent’s knowledge about BP and its
modifiable factors
3. To describe the cut-off values of BP for adolescents.

INTRODUCTION 2.

Elevated blood pressure (BP) leads to 54% of strokes, 47%
of ischemic heart disease (IHD), and 7.6 million premature
deaths (13.5% global deaths) annually."" Barring treatment and

control, the awareness of hypertension are very low in low- and SusJects anD MeTHODS

middle-income countries, with the Prospective Urban Rural
Epidemiology study reporting that only 46.5% of hypertensive
participants were aware of their status.”’ Evidence for early
fount of risk factors during adolescence and left-sided shift of
age distribution in IHD mortality is increasing. Besides, data
on BP levels, high BP prevalence, and the knowledge of this
growing epidemic are deficient among children.

Objectives
1. To assess the prevalence of elevated BP among adolescents
and to ascertain the associated risk factors
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The community-based cross-sectional study was conducted
on 13-18-year-old adolescents of Lucknow district, from
September 2014 to August 2015. It was performed in
conformity with ethical principles of Helsinki’s declaration
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and its updates and was approved by the Institutional
Review Board. Sample size was calculated referring
previous prevalence study of hypertension (9.4%)B! with
allowable error 2.3% and Z-value at two-tailed o-level of
0.05. Multistage sampling done, and hence, design effect
of 1.75 was included in this study. BP was measured by
mercury sphygmomanometer that was standardized daily.
With children’s right arm extended over the table at the
level of heart and ensuring cuff of appropriate size,!
three readings of systolic and diastolic BP (SBP and DBP)
were taken and the average noted. With children’s heels,
knees, buttocks, shoulders and back of the head touching
the wall, and their head held in Frankfurt plane, height
was recorded to the nearest centimeter. Using weighing
scale (OMRON-HN286-AP), participants were weighed to
the nearest 100 g. Body mass index (BMI) was calculated
using Quetelet’s Index. Readings were plotted in Centers
for Disease Control and Prevention BP percentile charts and
BMI-for-age charts.[>¢!

Based on the fourth report from the National High BP Education
Program, “hypertension” is defined as average SBP and/or DBP
that is >95™ percentile for sex, age, and height on three or
more occasions. “Prehypertension” is defined as average SBP
or DBP levels that are >90™ percentile, but <95% percentile.
Adolescents with BP levels >120/80 mmHg should be
considered prehypertensive. Elevated BP constitutes both
prehypertension and hypertension. BMI-for-age obtained was
classified as obesity when age- and gender-specific BMI values
are >95" percentile.[”

Low vegetable or fruit intake incorporated eating vegetables
or fruits less than thrice a week. Adding extra salt to food
that already had salt added was considered preference to
salt dishes. Physical activity (PA) included involvement in
moderate to vigorous intensity activities for at least 60 min
daily. Screen time meant following sedentary habits such as
watching TV, playing video games, or computer. Nonleisure
time PA included walking, cycling or playing in break time
(at school), stair stepping (at home or school), and household
PAs.

Knowledge

Knowledge acquired by hearing and reasoning was assessed.
Semi-structured, pretested questionnaire that derived responses
for awareness of BP and its alterability was used. Knowledge
score “0” indicates those who were unmindful of the term BP.
Score “1” was given to those who were knowledgeable of BP
and its measurability. Further correct responses to BP lowering
and augmenting practices fetched scores of “1”” each. Scores
were then added and compared.

Statistical analysis

Categorical data were presented as frequency and proportions.
Univariate logistic regression (LR) analysis followed by
multivariate LR with backward LR procedures was used to
find associations between groups. P < 0.05 was taken as level
of significance.

ResuLts

Of the 1041 adolescents included in the study, elevated BP
was prevalent in nearly one-fourth [Figure 1]. The mean
age of the study population was 15.1 + 1.4 years. Univariate
analysis used to find the association of demographic variable
and lifestyle behaviors with elevated BP Is shown in Table 1.
Obesity and low fruit intake significantly increased the odds
of both hypertension as well as prehypertension.

In Table 2, the predictors of elevated BP were determined by
the multivariate model proposed. After adjusting for stage of
adolescence, sex, residence, and school enrolled, the model
predicts that obesity, low fruit diet, and frequent junk food
intake independently increased the chances of elevated BP.
However, being physically active significantly lowered the
chances of BP elevation (P < 0.05).

Maximum of the children heard about BP from doctors (55.6%)
followed by parents (51.4%), whereas school teachers

11.8

12.4

B Normotension
H Pre-hypertension

" Hypertension

Figure 1: Blood Pressure distribution in adolescents

Table 1: Univariate regression of factors elevating blood
pressure levels

Variables? Unadjusted OR (95% CI)

Prehypertension Hypertension Elevated BP®

Early adolescence 2.0 (0.6-6.9) 6.4 (0.8-48.2) 3.1 (1.1-9.0)
Mid adolescence 2.7 (0.8-9.0) 7.6 (1.1-56.4) 3.9 (1.4-11.2)
Urban residence 3.1 (1.9-5.2) 3.1(1.9-5.3) 3.1(2.2-4.6)
Studying in 0.8 (0.5-1.2) 0.5 (0.4-0.8) 0.7 (0.5-0.9)
government schools

Male gender 0.5 (0.4-0.8) 0.8 (0.5-1.2) 0.6 (0.5-0.9)
Obesity 3.6 (2.0-6.5) 14.3 (8.7-23.4) 7.8 (5.1-12.1)
Preference to salty dish 0.8 (0.5-1.3) 2.0 (1.3-3.0) 1.3(0.9-1.9)
Frequent junk food 0.9 (0.5-1.5) 4.2 (2.8-6.3) 2.2 (1.5-3.0)
intake

Low fruit intake 3.4 (1.9-6.1) 3.9(2.1-7.2) 3.6 (2.3-5.6)
Low vegetable intake 1.3 (0.9-1.9) 1.5(1.1-2.2) 1.4(1.1-1.9)
Nonleisure time PA 0.6 (0.4-1.0) 0.7 (0.4-1.1) 0.6 (0.4-0.9)
Physically active daily 1.1 (0.7-1.5) 0.3 (0.2-0.6) 0.6 (0.4-0.9)
Screen time >2 h/day 1.4 (0.9-2.0) 1.6 (1.1-2.4) 1.5(1.1-2.0)

*The outcome variables are compared to normotensive group, *Elevated
BP includes BP percentile >90. Numbers which are bold indicates level
of significance at P<0.05. CI: Confidence interval, BP: Blood pressure,
PA: Physical activity, OR: Odds ratio
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contributed to only about one-fourth (25.5%). Furthermore,
only 5% of them were judicious of the role of PA in BP control.
The picture of adolescent’s comprehension about BP and its
flexibility is shown in Figure 2. The mean knowledge score
of the population was 1.93 + 1.2.

Discussion

Overall the prevalence of elevated BP among adolescents is
huge and the knowledge of BP and its changeability is below
par. BP percentile values with respect to age and sex have also
been formulated [Table 3] which describes the loci of present
BP level of children.

Table 2: Multivariate regression of factors predicting
elevated blood pressure

In this study, the prevalence of hypertension is 11.8% and is
not dissimilar with results of previous studies.[**! In contrary,
other studies in India as well as in other parts of the world
report prevalence ranging from 0.46% to 21.8%. The reason
might be because neither the study group’s age or ethnicity nor
the methodology used was similar.l'? It is worth emphasizing
that some studies performed only one measurement while the
others did repetitive measurements and there is evidence that
prevalence decreased from 13% to 1% between the first and
third visits.!'!

The risk factors independently associated with high BP in this
study are obesity, altered food habits, and physical inactivity.
The findings from Cinteza and Balgradean and Rahman et al.
support the association of obesity with high BP.l'>!*! In obese
children, activation of sympathetic nervous system shifts the
arterial pressure control mechanism of diuresis and natriuresis

*Stage of adolescence, sex, location, type of school were taken as constant,
"The outcome variables are compared to normotensive group. Nagelkerke
R*=25.6%. Bold values indicate significance at P<0.05. CI: Confidence
interval, PA: Physical activity, OR: Odds ratio

Variables? Adjusted OR (95% CI)® P
Obesity 5.8 (3.6-9.4) <0.001
Preference to salty dish 1.1(0.8-1.7) 0.42
Frequent junk food intake 1.9 (1.3-2.8) <0.001
Low fruit intake 3.3 (2.1-5.4) <0.001
Low vegetable intake 1.1(0.7-1.4) 0.86 = Known
Nonleisure time PA 0.9 (0.6-1.4) 0.83 3 @ @ = Unknown
Physically active daily 0.6 (0.4-0.9) 0.038 S % 3 . g 2
Screen time >2 h/day 1.2(0.9-1.7) 0.11 24 &g 2 g s
g 3¢ g £
& @ :®

Practices rising Blood

Figure 2: Awareness about Blood Pressure in adolescents

Table 3: Blood pressure nomogram

Gender
Boys age (years) Girls age (years)
13 14 15 16 17 18 13 14 15 16 17 18
SBP percentiles
3 82.00 80.00 84.00 83.28 90.00 84.00 83.92 84.00 83.24 83.46 90.08 83.92
5 82.00 84.00 84.00 87.60 90.00 84.60 86.00 86.00 86.00 85.70 92.80 86.00
10 86.00 90.80 88.00 90.00 90.00 93.20 87.20 88.00 90.00 89.40 95.60 87.20
15 88.00 92.00 90.00 94.00 92.00 98.00 90.00 90.00 92.00 92.00 100.0 90.00
25 96.00 98.00 98.00 96.00 96.00 100.0 92.00 94.00 100.0 98.00 102.0 92.00
50 106.0 106.0 104.0 106.0 106.0 104.0 100.0 102.0 110.0 108.0 110.0 100.0
75 116.0 118.0 118.0 114.0 114.0 110.0 110.0 112.0 120.0 114.0 120.0 110.0
90 124.0 126.0 130.0 122.8 122.0 114.4 120.8 124.4 125.2 124.0 124.0 120.8
95 128.0 131.6 136.4 130.0 129.0 118.0 125.4 130.0 130.0 1243 128.0 125.4
DBP percentiles
3 49.60 44.32 42.00 49.28 45.50 56.00 42.00 49.68 50.00 51.64 58.00 42.00
5 52.00 48.00 42.00 56.00 50.00 56.60 46.60 50.00 54.00 56.00 58.80 46.60
10 58.00 52.80 50.00 59.60 53.00 58.00 50.00 54.00 58.00 58.00 61.60 50.00
15 60.00 59.20 54.00 60.40 58.00 58.00 60.00 60.00 60.00 60.00 64.00 60.00
25 62.00 64.00 60.00 68.00 62.00 62.00 62.00 62.00 65.00 60.50 68.00 62.00
50 70.00 70.00 70.00 70.00 71.00 70.00 68.00 70.00 72.00 70.00 72.00 68.00
75 76.00 78.00 76.00 78.00 80.00 79.00 75.00 76.00 80.00 79.50 80.00 75.00
90 80.00 83.20 82.40 84.00 84.00 80.00 80.00 80.00 84.00 82.60 86.80 80.00
95 88.00 85.60 88.20 88.00 90.00 81.40 82.00 81.20 90.00 88.30 93.60 82.00

SBP: Systolic blood pressure, DBP: Diastolic blood pressure
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to higher BP levels might be the possible reason illuminating
the association.!"* More frequent junk food consumption seen
in our study population tend to elevate their BP levels. This is
contradictory with findings of from other study!'¥ that found
no association. Consumption of fruits regularly significantly
decreased BP elevation. Accordance with this is evidence
from Ostrowska-Nawarycz and Nawarycz, and Sundar'®!*
consistent to findings from other researches, our study has
significant association of increased screen time and physical
inactivity with high BP.'>!72% Being physically inactive, there
is dysregulation of body weight, insulin use and indirectly
blood lipids, glucose and clotting factors gets deranged,
altering the blood vessels and thereby the BP alteration.?!!

Knowledge of BP among adolescents is the new aspect in our
study. The children had very poor understanding which might
be due to greater dearth in proficiency about the perplexity by
their parents and teachers as well. This underlines the fact that
elder generation is less health conscious and they incorporate
the same to their progenies. School teachers contribute to only
less than fourth in preaching about healthy lifestyle enhancing
practices. This reveals that the present education system aids
in blinding of the health security of the future generation.

The limitations in our study are: (i) The average of the BP
measurement was taken only once, which may affect the validity
of the results. (ii) The assessment of food habits was based on
frequency of consumption and responses from the child’s memory
which may subject to recall bias. (iii) PA was recorded as told
by the children; no observation was done which all adds to
constraints of this study. However, relatively large sample size and
measurements taken using validated instruments add strength to
the study as the results can be generalized. Measures were taken to
minimize “‘white-coat effect” which also adds strength to the study.

CoNCLUSIONS

Health education intended to parents and school teachers
whose doctrine has an extensive perpetuation in advancing the
attitude of young children toward primordial prevention will be
the pick to control this epidemic. In addition, new legislations
that ensure adequate PA both in schools and homes along with
banning of high-calorie dense foods have to be framed. As there
is limited evidence evaluating effectiveness of these strategies
in the low-income settings, alternate strategies betokening
these factors have to be framed.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Go AS, Mozaffarian D, Roger VL, Benjamin EJ, Berry JD, Blaha MJ,
et al. Heart disease and stroke statistics — 2014 update: A report from the
American heart association. Circulation 2014;129:¢28-92.

2.

20.

21.

Chow CK, Teo KK, Rangarajan S, Islam S, Gupta R, Avezum A, ef al.
Prevalence, awareness, treatment, and control of hypertension in rural
and urban communities in high-, middle-, and low-income countries.
JAMA 2013;310:959-68.

Durrani AM, Waseem F. Blood pressure distribution and its relation to
anthropometric measurements among school children in Aligarh. Indian
J Public Health 2011;55:121-4.

Pickering TG, Hall JE, Appel LJ, Falkner BE, Graves J, Hill MN,
et al. Recommendations for blood pressure measurement in humans
and experimental animals: Blood pressure measurement in humans.
Circulation [Internet]. 2005;111:697-716. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/15699287. [Last accessed on 2015 Dec 18].
Kuczmarski RJ, Ogden CL, Guo SS, Grummer-Strawn LM, Flegal KM,
Mei Z, et al. 2000 CDC growth charts for the United States: Methods
and development. Vital and Health Statistics. 2002:11;1-190. Available
from: https://www.cdc.gov/growthcharts/2000growthchart-us.pdf. [Last
accessed on 2015 Dec 22].

NIH. The Fourth Report on the Diagnosis, Evaluation, and Treatment of
High Blood Pressure in Children and Adolescents. Natl Institutes Heal.
2005;4:1-60. Available from: https://www.nhlbi.nih.gov/files/docs/
resources/heart/hbp_ped.pdf. [Last accessed on 2016 Jan 07].

US Preventive Services Task Force, Barton M. Screening for obesity
in children and adolescents: US preventive services task force
recommendation statement. Pediatrics 2010;125:361-7.

Xu H, Hu X, Zhang Q, Du S, Fang H, Li Y, ef al. The association of
hypertension with obesity and metabolic abnormalities among Chinese
children. Int J Hypertens 2011;2011:987159.

Schommer VA, Barbiero SM, Cesa CC, Oliveira R, Silva AD,
Pellanda LC. Excess weight, anthropometric variables and blood
pressure in schoolchildren aged 10 to 18 years. Arq Bras Cardiol
2014;102:312-8.

. Bancalari R, Diaz C, Martinez-Aguayo A, Aglony M, Zamorano J,

Cerda V, et al. Prevalence of hypertension in school age children and its
association with obesity. Rev Med Chil 2011;139:872-9.

. Lauer RM, Mahoney LT, Clarke WR. Tracking of blood pressure during

childhood: The Muscatine study. Clin Exp Hypertens A 1986;8:515-37.

. Cinteza E, Balgradean M. Hypertension in romanian children and

adolescents: A cross-sectional survey. Maedica (Buchar) 2013;8:5-10.

. Rahman AJ, Qamar FN, Ashraf S, Khowaja ZA, Tariq SB, Nacem H.

Prevalence of hypertension in healthy school children in Pakistan and
its relationship with body mass index, proteinuria and hematuria. Saudi
J Kidney Dis Transpl 2013;24:408-12.

. Kotsis V, Stabouli S, Papakatsika S, Rizos Z, Parati G. Mechanisms of

obesity-induced hypertension. Hypertens Res 2010;33:386-93.

. Sundar JS. Prevalence and determinants of hypertension among urban

school children in the age group of 13-17 years in, Chennai, Tamilnadu.
Epidemiol Open Access2013;3:1-5.[Doi: 10.4172/2161-1165.10001301].
Available from: https://www.omicsonline.org/prevalence-and-
determinants-of-hypertension-among-urban-school-children-in-the-
age-group-of-years-in-chennai-tamilnadu-2161-1165.1000130.pdf.
[Last accessed on 2016 Mar 11 ].

. Ostrowska-Nawarycz L, Nawarycz T. Prevalence of excessive body

weight and high blood pressure in children and adolescents in the city of
Lodz. Kardiol Pol 2007;65:1079-87.

. Kar S, Khandelwal B. Fast foods and physical inactivity are risk factors

for obesity and hypertension among adolescent school children in east
district of Sikkim, India. J Nat Sci Biol Med 2015;6:356-9.

. Gupta AK, Ahmad AJ. Childhood obesity and hypertension. Indian

Pediatr 1990;27:333-7.

. Carter MA, Tremblay M. Do childhood excess weight and family food

insecurity share common risk factors in the local environment? An
examination using a Quebec birth cohort. Applied Physiology, Nutrition,
and Metabolism. 2014;39:404. [Doi: 10.1139/apnm-2013-0447].
Musaiger AO, Al-Mannai M, Zagzoog N. Association between food
intake frequency and obesity among adolescent girls in Saudi Arabia.
Int J Adolesc Med Health 2014;26:145-7.

WorldHeartFederation. Available from: http://www.world-heart-federation.
org/cardiovascular-health/cardiovascular-disease-risk-factors/
physical-inactivity/. [Last accessed on 2016 Feb 26 ].

158 Indian Journal of Community Medicine | Volume 42 | Issue 3 | July-September 2017 -




