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Abstract

	 The aim of the current study was to estimate the prevalence of hypertension and obesity 
and its associations with parental (or grandparental) history of illness and parental education. A 
cross-sectional study was conducted among 299 girls aged 13-16 years from Mumbai city, India. 
Anthropometry (weight, height, waist (WC) and hip circumference, mid-upper arm circumference) 
and blood pressure (BP) was measured. History of chronic illness in parents and grandparents was 
recorded. Parental education was also recorded. The mean WC of the girls was 68±10 cm. WC was 
between 85th and 95th percentile in 14 (4.7%) girls and more than 95th percentile in 22 (7.4%) girls. 
The mean systolic BP of the girls was 110±11 mmHg and mean diastolic BP was 69±8 mmHg. Twelve 
(4%) girls had systolic BP and 48 (16.1%) girls had diastolic BP between 90th and 95th percentile 
whereas 38 (12.7%) girls had systolic BP and 23 girls (7.7%) had diastolic BP more than 95th 
percentile. There was a significant association between systolic BP and obesity (X2 = 5.79, df = 2) 
and diabetes (X2 =9.76, df=2) in grandmother (p<0.05). There was also a significant association of 
diastolic BP with prevalence of cardio-vascular disease in both parents (X2 = 11.26, df =2) especially 
with that in mothers (X2 =11.27, df = 2) (p<0.05). Systolic BP showed an association with mother 
education (X2 = 18.81, df = 8) (p<0.05.  Central obesity and hypertension is prevalent in school 
going girls in Mumbai city and show a significant association with prevalence of diseases in parents 
and grandparents.
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Introduction

	 Childhood overweight and obesity has been 
linked with development of metabolic diseases such 
as diabetes and cardio-vascular diseases in early 
adult life. Childhood obesity is a pandemic affecting 
children in both the developed and developing 
nations. In India, the prevalence of childhood 
overweight has been reported to range from 6.57 
to 27.5% and that of obesity from 1 – 14.6%1-4. 

	 Grandparental and parental weight and 
metabolic status has been associated with childhood 
obesity5-6. Children having overweight or obese 
grandparents or parents are shown to be positively 

correlated with the risk of overweight and obesity in 
Korea7, Greece5 and America8. A study conducted 
in Pune, India demonstrated that the prevalence 
of obesity and metabolic syndrome increased in 
children with an increase in metabolic syndrome 
components in parents6. Studies to evaluate the 
effect of grandparental and parental weight status on 
childhood obesity in India are scarce. Thus, a study 
to evaluate the effect of grandparental and parental 
weight and health status on childhood obesity is 
essential. 

	 Monitoring of blood pressure (BP) for the 
early diagnosis of pre-hypertension and hypertension 
is gaining importance due to its increasing prevalence 
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and long term effects on health9. In children, systolic 
and/or to "diastolic BP greater than or equal to the 
90th percentile for sex, age and height is defined 
as pre-hypertension and that greater than or equal 
to the 95th percentile is defined as hypertension10. 
There is evidence suggesting increasing prevalence 
of high BP in children. Studies in India have reported 
the prevalence ranging from 0.46% to 6.5%11 – 13.

	 The pathogenesis of hypertension during 
childhood seems to be multifactorial. Obesity, 
insulin resistance, activation of sympathetic nervous 
system, alterations in sodium homeostasis, rennin- 
angiotensin system changes, high serum uric acid 
levels, genetic factors and foetal programming have 
been reported to contribute to this disorder9, 14. 
Screening of school children for BP has identified 
obesity and family history of diabetes mellitus, 
ischemic heart disease and hypertension as 
significant risk factors11, 13, 15. Amongst the adiposity 
indicators body mass index (BMI) and waist 
circumference seems (WC) to be positively 
associated with increasing BP16-18. The risk for 
elevated BP in children is three times greater in 
obese children compared to non-obese children19. 

	 Thus, the objective of the current study was 
i) to evaluate the prevalence of childhood obesity and 
hypertension in 13-16 year old girls from Mumbai city 
ii) to study the effect of grandparental and parental 
health and education on childhood obesity and 
hypertension. 

Methods

	 A cross sectional study was conducted 
in 299 girls aged 13 to 16 years school going girls 
in Mumbai city, Western Maharashtra, India. Six 
schools were approached for collection of data of 
which 4 schools gave consent. Girls were selected 
randomly from these 4 schools to participate in the 
current study and an oral ascent was obtained from 
them to ascertain their willingness to participate in 
the study. 

Exclusion Criteria
	 Girls known to have kidney disease, cardio-
vascular disease, or any other major illness were 
excluded from the study. Girls on anti-hypertension 
drugs were also excluded from the study

Outcome measures
	 All measurements were done in the morning 
hours between 8 to 11 am by a trained dietician 

Demographics
	 Using a questionnaire, data regarding age, 
family history of illness such as obesity, hypertension, 
cardio vascular disease and diabetes in parents and 
grandparents was collected. Information was also 
collected on parental education. 

Anthropometry
	 Standing height was measured to nearest 
1 mm using a using a non-elastic measuring. tape, 
fastened to a vertical wall, with the student standing 
on bare feet.  Weight was measured on an electronic 
weight scale (Tanita HD 357). BMI was calculated 
by dividing weight in kilograms by square of height 
in meters. 

	 Height, weight and BMI for age Z-scores 
were calculated using Indian reference data (20) 
Based on the height for age Z scores (HAZ), girls 
were classified as having normal growth (HAZ > -1), 
mild stunting (HAZ between -1 and -2) and stunting 
(HAZ > 2). Height percentiles were also calculated 
for girls. Based on BMI for age Z scores (BAZ), girls 
were classified as undernourished (BAZ <-2), normal 
(BAZ between -2 to +2), and overweight (BAZ >2). 
	
	 Waist circumference (WC) was measured 
with a non-stretchable tape at the midpoint of the 
lowest rib cage and the iliac crest, to the nearest 
0.1  cm, at the end of a gentle expiration. Hip 
circumference was measured with a non-stretchable 
tape around the widest portion of the buttocks, 
with the tape parallel to the floor. Mid upper arm 
circumference (MUAC) was measured with a non-
stretchable tape on the upper left arm hallway 
between the acromion process and the olecranon 
process. 

	 WC  percentiles were calculated using 
Indian reference data by Kuriyan et al. (21). MUAC 
percentiles were also calculated. (22) Based on 
WC and MUAC percentiles, girls were classified in 
3 groups, normal nutrition (<85th percentile), mild 
over nutrition (between 85th – 95th percentile) and 
extreme over nutrition/ obesity (>95th percentile)
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	 Waist to height ratio was calculated by 
dividing waist circumference in centimetres by 
height in centimetres. Girls having a waist to height 
ratio of more than 0.5 were considered to be obese 
(21,22)

Blood Pressure

	 Blood pressure (BP) was measured using a 
mercury gravity sphygmomanometer (modelno- SM-
360) by a trained nurse. Three consecutive readings 
were recorded and average of the 3 readings was 
taken. BP percentiles for both systolic and diastolic 
BP were calculated after classifying the children for 
the height percentiles according to standard Indian 
reference data (10, 20) 

Statistical analysis
	 Analyses were performed using SPSS 
software for Windows (version 16.0, 2007, SPSS Inc, 
Chicago, IL). Data are presented as Mean ± SD or 
percentage. Frequencies were used to assess the 
prevalence of illness in girls, parents or grandparents 
and level of education. One-way ANOVA with post-
hoc Tukey’s test was used to test the significance 
of differences in anthropometric characteristics 
and BP according to age of girls. Correlation 
between anthropometric characteristics and BP was 
assessed using Pearson’s correlation. Association 
of prevalence of illness in parents or grandparents 
or parent’s education on BMI, MUAC, WC, systolic 
BP or Diastolic BP percentiles was assessed using 
chi-square test. 

Results

	 Anthropometric characteristics of the 
study group are presented in Table 1. There was no 
significant increase in anthropometric characteristics 
with age (p>0.05) (Table 1).  On comparison with 
Indian reference data20, the mean height for age 
z-score (HAZ) was -0.11±1.03 and weight for age 
z-score (WAZ) was -0.54±1.04. Of the 299 girls, 242 
(80.9%) girls had HAZ > -1 indicating normal growth, 
46 (15.4%) girls had HAZ between -1 and -2 and 11 
(3.7%) girls had HAZ < -2 indicating stunted growth. 
The mean BMI for age z-score (BAZ) was -0.6±1.11. 
BAZ was within normal range (between -2 to +2) in 
majority 267 (89.3%) girls, BAZ was <-2 in 26 (8.7%) 
girls indicating under nourishment whereas 6 (2%) 
girls were over nourished (BAZ >2). 

	 The mean waist circumference of the girls 
was 68±10 cm. In comparison with Indian reference 
data21, WC was normal in majority 263 (88%) girls 
(WC <85th percentile), whereas it was between 85th 
and 95th percentile in 14 (4.7%) girls and more than 
95th percentile in 22 (7.4%) girls indicating central 
obesity. The mean hip circumference was 84±13 cm, 
MUAC was 23±3 cm and waist to height ratio was 
0.44±0.07. Majority girls [297 (99.3%] had MUAC 
less than 85th percentile whereas 2 (0.7%) girls had 
MUAC between 85th and 95th percentile (22).  No 
girl had MUAC more than 95th percentile. Of the 299 
girls, 48 girls (16.1%) had waist to height ratio > 0.5 
indicating central obesity21, 22.

Table. 1: Anthropometric characteristics of the study group 
according to age group (Data presented as Mean±SD)

	 13 years	 14 years	 15 years 	 16 years

N	 88	 107	 46	 58
Height (cm)	 153.9±5.8	 154.2±7.9	 153.4±5.4	 154.2±5.8
Height Z score	 0.28±0.86	 -0.08±1.19	 -0.47±0.83	 -0.50±0.92
Weight (Kg)	 41.6±8.5	 44±11.3	 44±11.5	 44.6±10.6
Weight Z Score	 -0.31±0.88	 -0.45±1.12	 -0.73±1.10	 -0.87±1.00
Body Mass Index (kg/m2)	 17.6±3.4	 18.5±4.3	 18.7±4.7	 18.8±4.2
Body Mass Index Z score 	 -0.61±1.03	 -0.57±1.17	 -0.67±1.23	 -0.73±1.08
Waist circumference (cm)	 66±9	 69±10	 70±11	 69±10
Hip Circumference (cm)	 82±9	 87±12	 83±18	 84±13
Mid Upper Arm Circumference (cm)	 22±3	 23±3	 23±3	 23±3
Waist to Height Ratio	 0.43±0.06	 0.45±0.06	 0.44±0.07	 0.44±0.07
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	 A significant correlation of weight was seen 
with WC (r = 0.843), hip circumference (r = 0.736), 
MUAC (r = 0.877) (p<0.01). Similarly, a significant 
correlation of BMI was seen with WC  (r = 0.805), 
hip circumference (r = 0.694), MUAC (r = 0.871) 
(p<0.01).

	 Blood pressure according to age is 
presented in Figure 1. There was no significant 
difference in systolic BP from 13 to 15 years of 
age (p>0.05) whereas systolic BP was significantly 
higher in 15 years girls as compared to 16 (p<0.05). 
There was no significant difference in diastolic BP 
with age groups (p>0.05). The mean systolic BP was 
110±11 mmHg and mean diastolic BP was 69±8 
mmHg. On comparison with standard reference10, 
249 (83.3%) and 228 (76.2%) girls had systolic and 
diastolic BP < 90th percentile respectively. Twelve 
(4%) girls had systolic BP and 48 (16.1%) girls 

had diastolic BP between 90th and 95th percentile 
whereas 38 (12.7%) girls had systolic BP and 23 girls 
(7.7%) had diastolic BP more than 95th percentile 
indicating hypertension. 

	 Correlation (r value) of systolic and diastolic 
BP with anthropometric characteristics is shown in 
Table 2. As seen in table 2, there was a significant 
correlation of both systolic and diastolic BP with all 
anthropometric characteristics in girls (p<0.01). 

	 Figure 2.1 and 2.2 represents the 
prevalence of illness together for both parents and 

Table. 2: Correlation between anthropometric 
measurements and blood pressure (Data 

presented as correlation r value)

	 Systolic BP	 Diastolic BP

Weight	 0.506*	 0.266*
Body mass index	 0.535*	 0.262*
Waist circumference	 0.443*	 0.324*
Hip Circumference 	 0.415*	 0.271*
MUAC 	 0.517*	 0.297*

*P<0.01 for all the correlations. 

Fig. 1: Blood pressure of the study group 
according to age group (Data presented at 

Mean±SD)

*systolic BP significantly different in comparison with 
the succeeding group (p<0.05)

Fig. 2.1: Prevalence of illness in parents (Data presented as percentage)
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both grandparents respectively of the girls. When 
classified according to gender, prevalence of obesity 
(42.8%), hypertension (21.7%) and cardio vascular 
disease (4.7%) was higher in mothers than in fathers 
[obesity (24.7%), hypertension (16.1%) and cardio 
vascular disease (4.3%), whereas prevalence of 
diabetes was higher in fathers (11%) than in mothers 
(9.7%). On the other hand, prevalence of obesity 
(16.4%), hypertension (23.7%) and cardio vascular 
disease (16.1%) was higher in grandfathers than 
in grandmothers [obesity (13.4%), hypertension 
(19.4%) and cardio vascular disease (12.7%)], 
whereas prevalence of diabetes was higher in 
grandmothers (9.7%) than grandfathers (9.7%).

Effect of prevalence of illness either in both or 

one parent or grandparent on girl’s obesity or 
hypertension were assessed using chi-square test. 
There was a significant association between systolic 
BP percentile categories in girls and prevalence of 
obesity (X2 = 5.79, df = 2) and diabetes (X2 =9.76, 
df=2) in grandmother (p<0.05). There was also a 
significant association of diastolic BP percentile 
categories in girls with prevalence of cardio-
vascular disease in both parents (X2 = 11.26, df =2) 
especially with that in mothers (X2 =11.27, df = 2) 
(p<0.05). No other association was seen in systolic 
BP, diastolic BP, WC, BMI or MUAC percentile 
categories with either prevalence of illness in either 
both or one parents or grandparents (p>0.05) (data 
not shown). 

Fig. 2.2: Prevalence of illness in grandparents (Data presented as percentage)

Table. 3: Level of education of parents (Data 
presented as percentage)

	 Figure 3 demonstrates the level of education 
of parents of the girls. As seen in the figure, father 
of the girls were more educated than the mother 
with 36.1% fathers having completed graduation or 
higher studies in comparison to 28.8% mother. Effect 
of education was also assessed on anthropometric 
characteristics and BP. Systolic BP showed as 
association with mother education (X2 = 18.81, df = 
8) (p<0.05). No other association of education with 
either BP or anthropometric characteristics was seen 
(p>0.05) (data not shown). 

Discussion

	 Obesity, prehypertension and hypertension 
in school going 13-16 year old girls from Mumbai city 
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was evaluated in the current study. On studying the 
association of grandparental and parental health with 
childhood obesity and hypertension, a significant 
association of grandmother’s obesity and diabetes 
was found with systolic BP in children. Parental 
cardio-vascular health was also associated with 
diastolic BP in children. 

	 Prevalence of childhood overweight and 
obesity in girls varies in different cities in India. In 
southern city of Kochi, prevalence of overweight 
has been reported to be 12.1% and that of obesity 
to be 5.3% (23). In another survey in Bhilai Nagar 
in Chattisgarh, the prevalence of overweight in girls 
is reported to be 24.22% and that of obesity to be 
8.81% (24) In the current study, even though only 
2% girls had BMI for age Z score above 2, WC was 
between 85th and 95th percentile in 14 (4.7%) girls 
and WC was more than 95th percentile in 22 (7.4%) 
girls indicating a high prevalence of central obesity 
in girls in Mumbai city. 

	 The overall prevalence of hypertension 
and pre-hypertension has been reported to be 
19.4% and 13.9% respectively among 14-17 yrs old 
adolescent girls in Iran (25).  In Delhi, the prevalence 
of hypertension has been reported to be 11.7% in 
5-14 year old girls while that in Amritsar has been 
reported to be 6.5% in girls (26, 27). In the current 
study the prevalence of prehypertension was 5.3 
% and that of hypertension was 10%. This wide 
difference may be due to different standards used for 
diagnosis of hypertension and also, due to regional 
variation. Some studies have opted fourth phase 
korotkoff sounds to define diastolic BP and some 
have not include height for grading BP.  

	 Waist circumference is a better index 
for investigating metabolic abnormalities such as 
hypertension and impaired fasting glucose (28). 
Among pre-pubertal children, WC per se may 
be a useful parameter to predict elevated BP 
independently of BMI (29). In a study conducted 
in 10-14 year old children in Chipre, Savva et al 

demonstrated that increase in WC had significantly 
increased chances of developing hypertension in 
relation to those with adequate WC (28). In Italy, 
obese children with WC > 90th percentile had a 

higher risk for metabolic syndrome (OR = 13.1) 
(31). Similar results were seen in the current study, 
wherein 12.1% girls had WC above 85th percentile 
and were significantly correlated with weight and 
both systolic and diastolic BP.  Thus, indicating that 
WC measurement may help identify children at risk 
for metabolic syndrome. 

	 Parental and grandparental health has an 
influence on child health. Children of overweight and 
hypertensive parents and grandparents are not only 
more likely to develop hypertension, but also have 
their BP tracking along the upper percentiles (5,6). 
Other health conditions like diabetes and cardio-
vascular diseases has also shown to be associated 
with childhood overweight and obesity.  Hence, it 
is imperative to screen these children to identify 
markers to assist in prediction of development of 
essential hypertension in adulthood.  In the current 
study too, a significant association of BP was 
found with prevalence of obesity and diabetes in 
grandmother and prevalence of cardio-vascular 
disease in parents. 

	 BP is also influenced by various other 
factors such as ambience, fasting vs. non fasting 
state, psychological stress, which could not be 
controlled in present study. Data on family history 
of disease like hypertension, diabetes, cardio 
vascular disease were self-reported by students 
both accuracy and validity of this information are 
limited, and this is likely to weaken the association 
with high BP among their children. Thus, findings of 
the present study need to be further examined in 
larger population based study to accurately estimate 
the prevalence hypertension among children in our 
country.

	 In conclusion, central obesity and 
hypertension is prevalent in school going girls in 
Mumbai city and show a significant association with 
prevalence of diseases in parents and grandparents. 
Early intervention may help prevent the development 
of essential hypertension as they age. An initial 
attempt should be made to lower their BP by non-
pharmacologic measures, such as weight reduction, 
aerobic physical exercise, and lowered sodium 
intake. 
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