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Budding adult hypertensives with modifiable risk 
factors: “Catch them young”
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INTRODUCTION

Hypertension (HT) is not an adult disease anymore; 
it is a silent disease that is generally asymptomatic in 
childhood and adolescent period.[1] Hypertension is the 
main risk factor for renal, cardiac, and cerebrovascular 
diseases.[1,2] It plays the important pathophysiological role in 
the development of  the reduction in baroreflex sensitivity 
and retinal alteration.[3] Hypertension studies in children 
and adolescents are of  great importance since control 

at this stage is likely to prevent adverse sequelae in later 
life.[4] Hypertension is a major cause of  morbidity, which 
unless controlled in early life, may tend to introduce a high 
risk in adulthood. A previous worldwide report records 
the prevalence of  hypertension in children as ranging 
from 3% to 16.2%.[4‑6] The diversity of  the results in 
hypertension studies stems from the different criteria used, 
selection of  the age group and study population (ethnic), 
study area (urban and rural), culture, as well as dietary 
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Background: Since the data of primary hypertension (HT) in children is scanty in India, this study attempted 
to evaluate HT by a multidimensional investigation of the various risk factors in children and adolescents. 
Materials and Methods: A total of 3906 subjects were recruited, all of whom lived in Chennai, an urban area 
of Tamil Nadu. The children and adolescents aged from 10 to 17 years were selected by random sampling. The 
children/adolescents were randomized into one control and further divided into two groups. The National 
High Blood Pressure Education Program fourth report (2004) and anthropometric body mass index (BMI), food 
frequency questionnaire (PURE) were followed in the study. Results: Out of 3906 children, 2107 were girls 
and 1799 boys. On screening, we found 9.5% to be hypertensive with the prevalence rate of boys and girls 8% 
and 10.8%, respectively. Overall obesity was 2.7%, (boys 2%, girls 3.32%); hypertensives and normotensives 
were 8.4% and 2.1%, respectively. We found that overweight (odds ratio [OR]: 2.06 [1.40–3.01] 95% confidence 
interval [CI]), obese children (OR: 1.21 [2.72–6.48] 95% CI), and those with a family history of HT (OR: 1.66 [1.20–
2.30] 95% CI) had increased risk of hypertension. Females were 1.39 times (OR: 1.39 [1.11–1.72] 95% CI) more 
at risk of getting HT. Multivariate analysis showed that obese children/adolescent were four times more likely 
to have HT than children with normal BMI (OR: 4.67 [3.00–7.26] 95% CI]. Conclusion: Family history of HT, 
obesity, and female gender are associated with a high risk of HT. The prevalence of HT was higher among 
obese adolescents than among slender subjects. This may be related to their sedentary lifestyle, faulty eating 
habits, high fat content in the diet and little physical activity.
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habits (socioeconomic).[1,4,7] This study was to detect the 
prevalence and risk factors of  hypertension in children/
adolescents aged 10 to 17 years.

MATERIALS AND METHODS

The objectives and the importance of  the study 
were first explained to the teachers and parents. The 
children/adolescents aged 10–17 years in each selected 
school in Chennai were examined. Two field survey teams, 
each comprising a medical officer and a social scientist 
were formed. The physician elicited medical history and 
carried out clinical examination including measurement 
of  blood pressure (BP). The social scientist recorded 
the background information such as the food frequency 
questionnaire (FFQ) and anthropometric measurements. 
After getting the child to sit for five minutes, with the back 
supported and both feet on the floor, systolic and diastolic 
blood pressures (SBP) were measured on the right arm 
extended over a table at the level of  heart with a calibrated 
standard sphygmomanometer. A set of  different sized cuffs 
was used to circle the arm completely up to two‑thirds of  
the upper arm without overlapping. Systolic pressure was 
recorded when the initial sound was heard (Phase I of  the 
Korotkoff  sound); diastolic pressure was recorded at the 
disappearance of  the sound (Phase V of  the Korotkoff  
sound). The cuff  was deflated at a rate not >2 mmHg/s. BP 
was taken three times at 2–3 min intervals. The arithmetic 
mean of  these three sitting BP measurements was used as 
the mean sitting office BP (MSSBP). A cross check of  5–7% 
of  the hypertension subjects at different times by different 
teams was done for both accuracy and consistency. All BP 
measurements were recorded in the source documents. 
Every effort was made to avoid staff‑child interaction, 
such as talking, in order to maximize reproducibility. Every 
effort was made to have the same staff  member take the 
BP measurements of  the same child, at the same time of  
day, using the same equipment.

Hypertension was defined as MSSBP above the 95th percentile 
for age, gender, and height as per recommendation of  the 
National High Blood Pressure Education Program Working 
Group on high BP in children/adolescents (NHBPEP 
Fourth Report 2004).[8] The height and weight were 
measured with the child standing without shoes; body mass 
index (BMI) was calculated for all children/adolescents. 
They were categorized according to their BMI as obese (or) 
overweight. Information on risk factors for hypertension 
like family history of  hypertension and diabetes mellitus 
were asked for their socioeconomic status was also assessed. 
Their reduced physical activities (arbitrarily children who 
engaged in a physical activity <30 min for 4 days per week) 
posed a high risk. Hours of  watching television and their 

monthly consumption of  oil were also noted as high risk 
factors. The fourth report on the diagnosis, evaluation 
and treatment of  high BP in children and adolescents 
is an authentic source of  childhood and adolescent 
hypertension (2004). In this report, BP is classified into 
three categories based on percentile values [Table 1].

We followed the same FFQ‑PURE study from the South 
India described earlier[9] for the study monthly per capital 
income was assessed by the children with a score of  
16–29, and above; modified Kuppusamy scale (2007) 
was assigned to the upper socioeconomic status and <15 
lower socioeconomic status.[10] The factors found to 
be significant by univariate analysis, namely the family 
history of  hypertension, diabetes mellitus, obesity, high 
socioeconomic status, and female gender were included 
for multivariate analysis. The data were collected and 
entered, after which we manually checked and rechecked 
for accuracy. Any inconsistencies found were resolved 
using the raw data. The association was studied in a 
univariate analysis by Pearson Chi‑square test. Those 
variables found to be significantly associated were then 
studied by multivariate analysis logistic regression. 
Statistical software SPSS 11.5 for Windows was utilized 
to analyze data. A P‑value ≤ 0 . 0 5 was considered 
statistically significant.

RESULTS

The study sample comprised a tota l  of  3906 
children/adolescents from various schools. They were 
screened for hypertension and associated risk factors. There 
were 2107 girls and 1799 boys [Table 2].

The overall prevalence of  hypertension was 9.5% (371) 
of  3906 children/adolescents studied; the prevalence of  
hypertension in boys was 8% (144 of  1799) with peak 
prevalence around 12–15 years of  age. Isolated systolic 
hypertension was found in 71 (29%) of  the 144 children. 
Children/adolescents with both systolic and diastolic 
hypertension were 31 (21%) out of  144. Of  the girls, 
the overall prevalence was 10.7% (227) of  2107 children, 
with peak prevalence around 12–16 years of  age. Isolated 

Table 1: Definition and classification of 
hypertension in children/adolescents
Category SBP/DBP percentile
Normal <90th

Pre‑HT ≥90th and <95th

≥120/80 mmHg independently of the 
90th percentile value in adolescents

HT ≥95th percentile
SBP: Systolic blood pressure; DBP: Diastolic blood pressure; HT: Hypertension
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systolic hypertension was present in 60 girls (26.4%); 
diastolic hypertension alone was seen in 106 children (47%) 
and 61 (26.6%) out of  227 children had both systolic and 
diastolic hypertension. Univariate analyses of  risk factors 
for hypertension in these children/adolescents were 
done [Table 3].

The overall prevalence of  obesity was 2.7% among the 
hypertensives (106 out of  3906); 2.1% (75 out of  3535) 
in the normotensive obesity in boys was 2% (36 out of  
1799) and 3.32% (70 out of  2107) in girls. The overall 
prevalence of  overweight was 5.25% (205 out of  3906). 
In normotensives, the prevalence of  overweight was 
4.8% (170 out of  3535) and it was 9.43% (35 out of  371) 
in hypertensives. Overweight in boys was 2.17% (39 out of  
1799) and 7.87% (166 out of  2107) in girls. A positive family 
history of  hypertension among hypertensives was 13.2% 
compared to 8.3% of  the normotensives. A positive family 
history of  diabetes mellitus in the hypertensives was 5.3% 
as against 3.6% of  the normotensives. The prevalence of  
hypertension in children/adolescents of  low socioeconomic 
families was 8.85% as against 10.2% in children/adolescents 
of  high socioeconomic families. Children/adolescents with 
hypertension were more likely to be obese than children/
adolescents with normal BP (odds ratio [OR]: 1.21 [2.72–
6.48] 95% confidence interval [CI]). Children/adolescents 
with hypertension were 1.6 times more associated with a 
family history of  hypertension than children with normal 
BP (OR: 1.66 [1.20–2.30] 95% CI) Children who had 
hypertension were 1.3 times more likely to be girls than the 
normotensives (OR: 1.39 [1.11–1.72] 95% CI). Other risk 
factors were not found to be significant by univariate analysis.

The factors found to be significant by univariate 
analysis were included in multivariate analysis [Table 4]. 
Family history of  hypertension (OR: 1.67 [1.21–2.33] 
95% CI) obesity (OR: 4.67 [3.00–7.27] 95% CI), and 

overweight (OR: 2.17 [1.47–3.22] 95% CI) were found to 
be independent risk factors associated with hypertension 
in the study population. Other risk factors were not found 

Table 2: Prevalence of hypertension among 10-17 year old children and adolescents by age and gender
Age 
(years)

Screened HT

Boys Girls

Boys Girls Total SBP DBP SBP/DBP Total
 N (%)

SBP DBP SBP/DBP Total
 N (%)

10 226 259 485 9 5 3 17 (7.5) 3 11 7 21 (8.1)
11 216 270 486 7 6 2 15 (6.9) 9 6 5 20 (7.4)
12 240 270 510 12 7 4 23 (9.5) 9 10 13 32 (11.9)
13 226 268 494 10 4 5 19 (8.4) 10 15 11 36 (13.4)
14 230 265 495 14 6 3 23 (10) 8 10 14 32 (12.1)
15 222 265 487 8 8 6 22 (9.9) 12 11 5 28 (10.6)
16 224 260 484 9 5 3 17 (7.6) 5 25 4 34 (13.1)
17 215 250 465 2 1 5 8 (3.8) 4 18 2 24 (9.6)
Total 1799 2107 3906 71 42 31 144 (8) 60 106 61 227 (10.7)

49 29 22 100 26.4 47 26.6 100
SBP: Systolic blood pressure; DBP: Diastolic blood pressure; HT: Hypertension

Table 3: Univariate analysis for association 
between various risk factors and hypertension 
among 10-17 year old children and adolescents
Risk factors Cases 

N (%)
Control 
N (%)

OR (95%CI) p‑value

Sex
Male 227 (61.2) 1880 (53.2) 1.39 (1.11‑1.72) 0.004*
Female 144 (38.8) 1655 (46.8)

Socioeconomic 
status

Upper 188 (50.7) 1651 (46.7) 1.02 (0.94‑1.45) 0.161
Lower 183 (49.3) 1884 (53.3)

Overweight
Yes 35 (9.4) 170 (4.8) 2.06 (1.40‑3.01) 0.001*
No 336 (90.6) 3365 (95.2)

Obesity
Yes 31 (8.3) 75 (2.1) 1.21 (2.72‑6.48) 0.001*
No 340 (91.7) 3460 (97.9)

Family HT
Yes 49 (13.2) 296 (8.3) 1.66 (1.20‑2.30) 0.002*
No 322 (86.8) 3239 (91.7)

Family history 
of DM

Yes 20 (5.4) 126 (3.6) 1.54 (0.95‑2.50) 0.105
No 351 (94.6) 3409 (96.4)

Physical activity
Yes 115 (31) 1066 (30.2) 0.96 (0.76‑1.20) 0.770
No 256 (69) 2469 (69.8)

Hours of watching 
TV/day

>60 min 70 (18.9) 629 (17.7) 1.08 (0.820‑
1.419)

0.638
<60 min 301 (81.1) 2906 (82.3)

Oil consumption/
month

>0.75/L 123 (33.1) 1111 (31.4) 1.08 (0.86‑1.35) 0.534
<0.75/L 248 (66.9) 2424 (68.6)

*P value significant. HT: Hypertension; DM: Diabetes mellitus; OR: Odds ratio; 
CI: Confidence interval
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to be significant by univariate analysis. Multivariate logistic 
regression showed that cases had 1.67 times higher family 
history, were 4.67 times more obese and were 2.17 times 
more overweight compared to control children.

DISCUSSION

The mean systolic and diastolic BP levels of  children were 
studied in relation to age in both males and females. In 
both sexes, blood pressure increased progressively with age. 
The gradual increase in mean systolic and diastolic BP of  
boys and girls with age noted agrees with the findings in 
the task force committee report and other studies.[1,8] The 
mean SBP for boys in various age groups were higher than 
girls. The difference in diastolic pressure between boys 
and girls was negligible. The varying results may be due 
to varying age groups in the study, the different criteria 
adopted to define hypertension, and the basic differences 
between racial groups as relates to geographic, dietary, 
and cultural factors.[1,4,5,11‑14] In this study, there were more 
hypertensive girls (10.8%) than boys (8.0%), results which 
do not correlate with those of  other studies,[14] in which 
hypertensive boys were 11.9%; girls were 11.4%; prevalence 
of  overweight (7.87%) and obesity (3.32%) in girls was 
higher than overweight (2.17%) and obesity (2%) in boys.

In our study, the prevalence of  obesity was 2.7%, which is 
higher than that reported by another another study.[5] The 
reason for the increased prevalence could be the changing 
lifestyles. Positive family history of  diabetes mellitus among 
hypertensives was 5.3% as against 3.6% in normotensives, 
which is similar to the study by Chanda et al., in which it 
was 5.4% in hypertensives and 3.1% in normotensives.[15] 
Hypertension in obese children/adolescents was 8.35%, 
which was twice what was observed by other study 
groups.[5,15] In this study, there was a positive family history 
of  hypertension in 8.3%, which is less than what was 
observed by another Indian study.[16] Significant risk factors 
for hypertension in adolescents in our study by univariate 
analysis were obesity, overweight, and a positive family 
history of  hypertension, which agreed with a previous 
study.[16]

CONCLUSION

There is an increasing trend toward a high prevalence 
of  hypertension in children of  school age as a result 
of  obesity and positive family history of  hypertension 
and diabetes mellitus. High socioeconomic status, 
faulty lifestyle, dietary habits, and physical inactivity are 
key factors which must be dealt with immediately and 
aggressively. Based on our findings, hypertension is no 
more a disease that comes at a later stage in life. It has its 
roots in the young. It is crucial to advise obese children to 
modify their lifestyle with respect to diet, exercise, and salt 
intake to maintain a normal BP and avoid the childhood 
onset of  adult hypertension.
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