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Abstract
Background: Both hypertension and depression are common disorders and obesity is on the rise in low and
middle-income countries. Because early life changes may prove to be a precursor to the development of diseases
in adult, assessing the mental and physical health of younger population is crucial. This study aimed to determine
the association between blood pressure, mental health and anthropometric status of adolescents from urban
slums in Nashik, India.
Methods: A cross-sectional observational study was conducted among eligible adolescents during November 2010
and April 2011 in two randomly selected slums of Nashik, Maharashtra, India. A total of 545 adolescents were
selected from 276 households. Data on socio-demographic indicators, anthropometry, blood pressure, mental
wellbeing, and addictions were collected using pretested structured questionnaires by house visits. Mental
wellbeing was examined using the General Health Questionnaire with 12 items (GHQ-12). A higher score indicates
more-optimal mental wellbeing. Linear mixed effects models were used to analyse the data.
Results: Girls had better mental wellbeing scores than boys. Adolescents with low mental wellbeing score had
higher percentage of stunting (22%) compared to high scores. The factors associated significantly with systolic
blood pressure (SBP) were age, mid mental wellbeing score, stunting, and thinness. For diastolic blood pressure
(DBP), sex, high mental wellbeing score, and father's education were, in addition, also significant. When moving
from the low to mid mental wellbeing score, SBP and DBP decreased and the same was observed for high score.
The prevalence of prehypertension was 20%.
Conclusion: The findings showed that the adolescents do run a higher risk of substance abuse, health-related
problems and higher SBP and DBP if there is an evidence of distress. It brings into focus the importance of mental
health management in adolescents.
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Introduction

Depression is a common illness worldwide, with an estimated 350 million people of all ages suffering
from it (WHO, 2012). The burden of depression and other mental health conditions is on the rise globally
and is a leading cause of disability (WHO, 2012). Depression results from a complex interaction of social,
psychological and biological factors. It is known to have association with physical health. For instance,
hypertension and obesity can lead to depression and vice versa (WHO, 2012; Stein et al., 2014). Among
adolescents, depression is associated with poor health and behavioural outcomes, including higher risks
of substance abuse, unsafe sexual practices, and violence (Saluja et al., 2004) and lower achievement on
tests, lower teacher-rated grades, and poorer peer relationships (Roeser et al., 1998). Unfavourable
living conditions of urban slums make them even more vulnerable, and may further increase the risk of
substance abuse, adversely affect their general and mental health, and accelerate onset of chronic
diseases such as high blood pressure and diabetes. These early life changes may prove to be a precursor
to the development of diseases in adult life. Onset of depression before the age of 21 years has been of
particular concern because of higher rates of recurrence, and higher overall rates of comorbid
disorders, including substance abuse (Greden, 2001).

There have been a few studies exploring the interaction between mental and physical health
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among adolescents.  Association between mental health and hypertension has been observed in
general population (Stein et al., 2014) and obesity among adolescents in the United States (Kiessling et
al., 2008; Tevie & Shaya, 2015). Both obesity and hypertension have shown to increase the odds of poor
mental health in a representative United States population of children and adolescents (Tevie & Shaya,
2015). Hypertension can have its origin in childhood and may go undetected unless specifically looked
for during this period (Aggarwal et al., 1982).  Although blood pressure normally increases with growth
and development, children with higher levels of blood pressure tend either to maintain that position as
they mature or progress to higher levels of blood pressure in adulthood in comparison to their peer
group (Luepker et al., 1999). Data from diverse populations show that the tracking of blood pressure
from childhood into adulthood is very strong (Chen & Wang, 2008). There is a general lack of literature
on the association between mental health and hypertension among adolescents who are not
overweight or obese, and specifically growing up in unfavourable living conditions.

A number of community-based studies have demonstrated that there is a strong positive
relationship between anthropometric measurements, especially bodyweight, and blood pressure in
adolescents (Muntner et al., 2004; Paradis et al., 2004; Kelishadi et al., 2006; Raj et al., 2007). Obesity is
recognised as an important risk factor for cardiovascular disease. The prevalence of obesity is increasing
in both developed and developing countries (Delpeuch & Maire, 1997). Body mass index (BMI) is
positively correlated with blood pressure even in lean or non-obese populations (Kaufman et al., 1997;
He et al., 2000).

As a motivating example, we examined the association between blood pressure, mental health
and anthropometric status (stunting and thinness) among adolescents using a sample from a study
conducted in two slums of Nashik city in India. Mental wellbeing is a general term used in this article and
is characterised by the score derived using the questions concentrated on symptoms related to
potential depression and anxiety, self-esteem, stress, and coping.

Material and Methods

Study area
The study was conducted as a cross-sectional survey in two slums in Nashik, located on the banks of
Godavari River in the state of Maharashtra, Western India. Nashik is a fast-growing largely industrial city
of 1.5 million inhabitants, and situated less than 200 kilometres from Mumbai. Nashik urban
agglomeration is the fourth largest in Maharashtra, and according to the census 2011, 12.77% of the city
population reside in the slums (Census of India, 2011).

Study subjects and sampling
The present study was conducted during November 2010 and April 2011 in two randomly selected slums
of Nashik, Maharashtra, India. The target sample size was 500 adolescents in the age group of 10 to 19
years residing in the selected slums. The sample size was determined based on the main purpose of the
study, which was to describe the socio-demographic and health profile of adolescents of urban slums,
and the limited budget available for data collection. For this purpose, households with eligible
adolescents and which gave written consent to participate in the study were recruited. A total of 545
adolescents were selected from 276 households. Data on socio-demographic indicators, adolescents’
anthropometry, blood pressure, mental wellbeing, and addictions were collected using pretested
structured questionnaires by house visits.

Blood pressure
Blood pressure (BP) measurements were taken by a trained team in a quiet room in the presence of a
parent or a legal guardian and special care was taken to ensure that the subject was calm. Subjects
were advised to avoid stimulating beverages like tea or coffee before the BP measurements. They were
asked to rest for 10 minutes before the measurements of blood pressure. Two measurements were
taken five minutes apart, with the subject in a supine position with both arms stretched comfortably
and naturally using a new aneroid sphygmomanometer with a certified accuracy of ± 2mmHg.  The cuff
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size used was appropriate to the child’s right arm according to recommendations by the National High
Blood Pressure Education Program Working Group on High Blood Pressure in Children and Adolescents
(2004). The average of two systolic blood pressure (SBP) and two diastolic blood pressure (DBP)
measurements were used for the analysis.

Blood pressure percentiles for given sex, age (between 10 and 17 years) and height were
computed using the steps given in Appendix B and regression parameters given in Table B1 (National
High Blood Pressure Education Program Working Group on High Blood Pressure in Children and
Adolescents, 2004). If a subject had both systolic as well as diastolic blood pressure percentiles for sex,
age and height below 90 then he/she was classified as normotensive. If either of the blood pressure
percentiles were above 95 then he/she was classified as hypertensive, and in other cases
prehypertensive. A subject with SBP of 120 mm Hg or above, or with DBP 80 mm Hg or above was
classified as prehypertensive even if the percentiles were below 90. For 18-year-old subjects, the
standard definition of hypertension for adults was used. A subject was prehypertensive if SBP was at
least 120 mm Hg but below 140 mm Hg, or DBP was at least 80 mm Hg but below 90 mm Hg, and
hypertensive if SBP was 140 mm Hg or above, or DBP was 90 mm Hg or above. All the others were
classified as normotensive.

Mental wellbeing
Mental wellbeing was examined using the General Health Questionnaire with 12 items (GHQ-12) with
slight reformulation to suit the study subjects. GHQ is widely used as a screening instrument to identify
psychological distress. The questions concentrated on symptoms related to potential depression and
anxiety, self-esteem, stress, and coping. Each item response were in 4-point scoring system ranging
from better than normal option, a same as usual and a worse than usual to a much worse than usual
option. The responses were grouped into two categories: 1 (better than normal option) and 0 (other
options), and then added up to derive a total score. The total ranged from 0 to 12; the higher the score,
the better the adolescent’s mental wellbeing. Similar binary scoring has been used in other studies
(Ram et al., 2014). Since there is no threshold available for such binary scoring, we classified each
subject, using the tertile, into one of the three categories: (i) low: score less than or equal to 7; (ii) mid:
score between 8 and 10, and (iii) high: score 11 or 12.

Anthropometric measurements
Data on height and weight were collected in the present study. Height (in cm) was measured using a
simple non-elastic measurement tape to the nearest integer. Weight (in kg) was recorded using a new
bathroom scale (brand Libra, Model no. 770) to the nearest integer. Two readings each were taken for
height and weight and the average was used for analyses here. We refer to (Khopkar et al., 2014) for
more details of anthropometric measurements.

Family history of high blood pressure and parent’s education
A family history of high blood pressure is known to be a strong risk factor of hypertension. The children
of mothers with high education tend to have lower blood pressure (Berg et al., 2013). We tested this
hypothesis among the study subjects. The survey questionnaire included two questions on the family
history of high blood pressure. If either of the parents was known to have high blood pressure then the
family history of high blood pressure was coded as yes, and otherwise coded as no.  We included both
mother's and father's education in the analysis. The questionnaire included questions: “What is your
mother’s education level?” and “What is your father’s education level?” These were used to obtain
parents’ education levels. The education levels were grouped into two categories: i) primary or no
education, and ii) secondary or higher education, for the analysis purpose here.

Addiction and health-related variables
An individual was classified as using tobacco in any form currently if there was at least one positive
answer to the question “Do you currently use any substances? (smoke, chew tobacco, gutka)”.
Similarly, current use of alcohol was defined. The questionnaire included questions on health-related
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problems. Data on experience of neck and back pain, headache, sleep and energy, sadness, problems
with interpersonal activities (personal relationship, participation in the community, dealing with
tension) were used to examine their association with the mental wellbeing scores. Such associations
would be helpful in assessing the scoring system used here for mental wellbeing questionnaire.

Ethical considerations
The field study was approved by the Institutional Review Board of Tampere School of Health Sciences in
2010. The study was conducted in accordance with the ethical guidelines in the Helsinki Declaration of
1975, as revised in 2000.

Data analysis
The analysis was restricted to the age group 10–18 years (boys = 257, girls = 261, total = 518) since the
growth curves from India were available up to the age of 18 years. Systolic and diastolic blood pressures
were considered as dependent variables. On the other hand, mental wellbeing, thinness and stunting
were considered as independent variables. Sex, parental education and family history of blood pressure
are known to affect blood pressure and were also considered as independent variables. Other factors
such as current use of tobacco and alcohol, health-related problems were assessed with respect to
mental wellbeing.

Body mass index (BMI, kg/m2) was defined as the ratio of weight (in kg) to the square of height
(in m). Height-for-age and BMI-for-age z-scores were derived using the Indian reference population
(Khadilkar et al., 2009). A subject was classified as stunted if the height-for-age score was below -2; thin
if BMI-for-age score was below -2 and overweight if BMI-for-age score was above 1 (Khopkar et al.,
2014). Height can be considered to be a measure of childhood nutrition and hence, height was also of
interest for this age group. We refer to the classification based on BMI-for-age as nutritional status
categorised into normal, thin and overweight. A combined category of prehypertension and
hypertension was used for the analysis and was referred to as prehypertension.

Mental wellbeing was central to the analysis presented here and hence, all the variables
including blood pressure were summarised according to the mental wellbeing score being in low-, mid-
or high-range. The association between blood pressure and mental wellbeing was studied using
generalised linear mixed effects model. Data on adolescents from the same household might be
correlated and hence, regression models used for the analysis included a household-specific random
effect. One of our main hypotheses of interest was to test whether mental wellbeing was associated
with SBP and DBP. Two linear mixed effects models were fitted for each SBP and DBP. The first model
included age, sex and mental wellbeing score. In the second model, other factors which were expected
to associate with blood pressure were added. To account for the effect of age on height and BMI,
stunting and thinness were used in the second model in place of height and BMI. All analyses were
performed using the statistical computing environment R and regression analyses were implemented
using the Glmer function from the package lme4 of R (R Core Team, 2013; Bates et al., 2014).

Results

The categorical variables defined above were summarized by providing proportions and blood pressure
was summarised by sample mean and standard deviation, for the three categories of mental wellbeing
score (Table 1). It was observed that girls had higher score compared to boys. The nutritional status of
91% of the adolescents was normal, and there were no differences observed in the mental wellbeing
scores with regard to the nutritional status. However, the percentage of stunting was the highest (22%)
among those with the low-score. The prevalence of current use of tobacco (20%) and alcohol (17%) were
the lowest among those with the high-score. The same applies to the health-related problems, higher
the score lower the prevalence of problems.  Adolescents with higher mental scores tended to have
higher percentage of both parents with secondary or higher education (61% mothers and 82% fathers)
compared to lower score (46% mothers and 59% fathers). Mean systolic and diastolic blood pressure
values decreased as the score increases and the prevalence of prehypertension was the lowest among
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those in the range of high mental wellbeing score. The overall prevalence of prehypertension among
the study subjects was 20%.

Table 1: Sample characteristics by mental wellbeing score
Variables Total (N=497) Mental wellbeing score

Low (≤7)
(n=200)

Mid (8-10)
(n=145)

High (≥11)
(n=152)

Age (SD), years 13.8(2.4) 14(2.5) 14(2.4) 13.4(2.3)

Sex (% boys) 50 53 50 47

Height (SD),cm 148.3(12.5) 148(12.8) 148.8(12.6) 148.1(12.1)

Stunting (% stunted) 15 22 10 12

BMI (SD), kg/m2 16.6(2.8) 16.7(2.6) 16.7(2.7) 16.4(3)

Nutritional status (%) Normal 91 90 91 90

Overweight 2 1 2 2

Thin 8 8 7 8

Addiction Currently using
tobacco

27 30 32 20

Currently consuming
alcohol

20 21 23 17

Health-related problems Neck and back pain,
headache

79 93 79 62

Sleep and energy
related problem

45 53 43 34

Sadness 15 17 17 12

Interpersonal activities 29 40 29 13

Mother's education 51 46 47 61

Father's education 68 59 67 82

Family history of BP 10 8 10 12

Blood pressure SBP (SD), mmHg 105.7 (11.8) 106 (11.6) 105.4 (12.2) 105.7 (11.9)

DBP (SD), mmHg 65 (7.1) 65.9 (7.5) 64.8 (7.4) 64.2 (6.3)

Prehypertension (%) 20 20 22 19

When mental wellbeing score was used as an independent variable in a regression model, adjusted for
age and sex, with systolic blood pressure as a dependent variable (Model 1, Table 2), no significant
association was observed. But when diastolic blood pressure was used (Model 3, Table 2), there was
significant decrease in DBP with increase in the score range, and sex was also significant with girls
having higher DBP than boys. Model 2 and 4 included other factors which might affect blood pressure.
The factors associated significantly with SBP (Model 2, Table 2) were age, mid mental wellbeing score
(8, 9, or 10), stunting, and thinness. For DBP (Model 4, Table 2), sex, high mental wellbeing score, and
father's education were, in addition, also significant.
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Table 2: Regression coefficients and their 90% confidence intervals when systolic and diastolic blood
pressure are regressed over mental wellbeing scores and other known risk factors
Variable Systolic blood pressure Diastolic blood pressure

Model 1 Model 2 Model 3 Model 4

Intercept 74.32***
(69.56, 79.07)

77.08***
(72.2, 81.97)

50.45***
(47.46, 53.44)

50.86***
(47.67, 54.04)

Age (in years) 2.28***
(1.95, 2.6)

2.26***
(1.95, 2.57)

1.05***
(0.84, 1.25)

1.04***
(0.84, 1.625)

Sex (Ref. boys) -0.45
(-2, 1.1)

-1.31
(-2.8, 0.18)

1.73**
(0.76, 2.7)

1.41**
(0.44, 2.38)

Mental wellbeing score
(Ref. score 7 or below)

Score (8, 9 or 10) -0.65
(-2.58, 1.28)

-2.09*
(-3.92, -0.26)

-1.25*
(-2.46, -0.04)

-1.86**
(-3.05, -0.67)

Score (11 or 12) 1.14
(-0.8, 3.08)

0.23
(-1.64, 2.09)

-1.21
(-2.42, 0.01)

-1.67*
(-2.88, -0.46)

Stunting
(Ref. not stunted)

-8.88***
(-10.99, -6.77)

-2.63***
(-4, -1.25)

BMI-for-age
(Ref. normal)

Overweight 11.94***
(6.13, 17.75)

5.86**
(2.07, 9.65)

Thin -5.42**
(-8.17, -2.68)

-3.45***
(-5.24, -1.66)

Family history of BP
(Ref. no history)

-0.64
(-3.34, 2.06)

-1.00
(-2.74, 0.74)

Mother's  education
(Ref. primary or no
education)

-1.14
(-2.81, 0.53)

-0.52
(-1.6, 0.56)

Father's education
(Ref. primary or no
education)

1.14
(-0.67, 2.94)

1.48*
(0.31, 2.65)

Significance code: 0 `*** ́ 0.001, `** ́ 0.01, `* ́ 0.1; Ref. Reference category used in the model

SBP and DBP increased when moving from normal to overweight category while decreased when
moving to thin category. Stunted adolescents tended to have lower SBP and DBP compared to non-
stunted. When moving from the low mental wellbeing score (7 or below) to mid score (8, 9, or 10), SBP
and DBP decreased and the same was observed for high score. DBP was higher when moving from
primary or no education for father to secondary or higher education.

Discussion

India has a large population of adolescents (10-19 years of age, 21%) and also of slum dwellers in urban
areas (15% of total urban population of India) (Census of India, 2011; Upinder, 2013). Maharashtra has the
highest slum population as a proportion of urban population (27.3%) in India (Upinder, 2013). Generally
the slum population is economically poor and also hierarchically positioned low in a caste society. About
two thirds of the study population was below the poverty line of the state of Maharashtra (below per
capita income of Indian Rupee 961 or US$ 15). To the best of our knowledge, this is also the first study
where the association between mental wellbeing and blood pressure of underprivileged adolescents of
India has been examined. This study detects that the known factors of age, height and BMI, but not
family history, influence blood pressure among adolescents. This may be partly explained by the low
proportion of family history of high blood pressure. It also brings into focus that in a situation where the
majority of study subjects were classified as normal with respect to BMI-for-age and 85% were not
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stunted, reduction in distress among adolescents would help maintaining SBP and DBP at normal levels.
An analysis of normal and non-stunted adolescents revealed that mid- and high- mental wellbeing
scores had significantly lower DBP compared to low-score (data not shown). And mother's education
also decreased DBP.

A recent study on adolescents from US brings into focus the maintenance of a healthy body
mass index and control of hypertension in improving the mental health of younger populations in the
US (Tevie & Shaya, 2015). Both high blood pressure and depression are very common disorders (Murray
& Lopez, 2013). The relationship between high BP and depression is thought to be bidirectional by many
researchers (Tevie & Shaya, 2015). However, it is natural to expect that the mental anxiety is likely to
increase BP, first temporarily and it may later on develop to permanent hypertension, but it is not very
clear how the relationship works the other way around.

Throughout adulthood, blood pressure is strongly and directly related to vascular as well as
overall mortality (Lewington et al., 2002). Early diagnosis, treatment, and follow-up of the hypertensive
cases and preventive methods may decrease future morbidity and mortality. There is a wide variation in
the prevalence of hypertension in children in India ranging from a high of 11% to as low as 0.46% (Mohan
et al., 2004; Singh et al., 2006; Kumar et al., 2012). The prevalence of prehypertension (hypertension and
prehypertension combined) among the study population is comparable to that observed in developed
countries, e.g. USA (18.9%) and Switzerland (24.7%) (McNiece et al., 2007; Chiolero et al., 2007).

A community-based cross-sectional study of adolescents aged 10-19 years from an urban slum of
Chetla, Kolkata, India reported the prevalence of hypertension as 2.9% with the highest prevalence
(5.6%) observed for the age group 18-19 years (Saha et al., 2008). An epidemiological study of blood
pressure among school children (5-14 Years) in Delhi showed that SBP and DBP increased with age in
both sexes (Chadha et al., 1999). The cut-off points for high blood pressure were based on the average
SBP and/or DBP values of 95th percentile or greater for each age. In the age group 10-14 years, the values
for SBP and DBP ranged from 72 mm Hg to 160 mm Hg and from 46 mm Hg to 120 mm Hg, for boys and
girls, respectively. There was no significant difference in the prevalence of hypertension (systolic,
diastolic or both) on the basis of gender. Anthropometric variables like height, weight and body mass
index showed positive correlations with systolic as well as diastolic blood pressure. A family history of
hypertension in one or both the parents was present in one-fifth of the children with high blood
pressure (Chadha et al., 1999).

The present study had several limitations which are worth mentioning. It was a small study with
only two slums, and had two measurements of blood pressure as against the recommendation of three
measurements. Comparisons of adolescents living in slums and non-slums with respect to the mental
wellbeing and other socio-demographic factors would be of interest and a study with this aim need to
be planned. The data on salt intake and physical activities were homogeneous and hence, the
association between blood pressure and these variables could not be studied. In spite of these
limitations, the study point towards an emerging public health issue of hypertension among
adolescents and brings out the determinants that might require attention.

In conclusion, the adolescents do run a higher risk of substance abuse, health-related problems
and higher SBP and DBP if there is an evidence of distress. These findings have important implications
for mental health management in adolescents.
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