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Abstract
Slums are high-risk environments for children, which in-
crease the likelihood of development of behavioral problems 
and poor nutritional status. A definite relationship between 
behavior and nutrition has been defined in children living in 
other settings, but evidence from slums is lacking. Thus, the 
purpose of this study was to understand the nature of the 
association between behavior and nutrition in children from 
an urban slum. This study included children of age 6-12 years 
(n=70). Convenience sampling was used to recruit partici-
pants. The parents of the children were interviewed, and de-
tails on socio-demography, socioeconomic status (SES), be-
havior (by Strengths and Difficulties Questionnaire), and diet 
of the child were recorded. Anthropometrics of the children 
were measured using standard procedures, which were used 
to categorize them by body mass index (BMI) and mid-up-
per arm circumference (MUAC). Data were analyzed using 
descriptive statistics and analytical tests. It was observed that 
children who were underweight or with an undernourished 
MUAC were less likely to display conduct problems and low 
prosocial behavior than children of normal weight. Children 
with an over nourished MUAC were more likely to be hy-
peractive. Decreased intake of protein and micronutrients 
corresponded to a lower prosocial behavior score. Intake of 
potassium was less among children who were hyperactive, 
while intake of sodium from food was more among chil-
dren with a raised total difficulties score. All these associ-
ations continued to be significant even after controlling for 
demographic variables. The findings of this study reiterate 
the need to include nutrition as an important component of 
studies and interventions targeting the mental health and 
behavior of vulnerable children in slums. 
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Introduction
Behavioral problems refer to “any deviation from 

social behavior and expression of signs and symptoms 
that do not meet the criteria for diagnosis of mental 
health disorders, but suggest a future risk to the child’s 
development.” Globally, the prevalence of “mental and 
behavioral disorders in children and adolescents” is 
documented at 12.8% in India to 22.5% in Switzerland. 

Nutrition is intricately linked to behavior. Nutrient 
depletion, when combined with a variety of intrinsic 
and extrinsic factors, affects mental health and pre-
disposes individuals to antisocial behavior, a condi-
tion termed as “Nutrient Depletion-Induced Neu-
ro-Chemical Disorder (Brain Hunger)” [1]. Several 
studies, both longitudinal and cross-sectional, have es-
tablished the relationship between malnutrition (both 
under- and over-nutrition) and behavioral problems. 
Imbalances in intake of nutrients such as low micro-
nutrient intake, fatty acid deficiency, or high sugar 
intake are also postulated to increase an individual’s 
inclination to antisocial behavior [2]. Thus, the com-
plete definition of malnutrition, i.e., lack of energy 
and/or nutrition, which may lead to lower immunity, 
increased susceptibility to illness, poor physical and 
mental growth, and decreased productivity, must be 
considered in the context of behavioural problems [3]. 

The urban slums of India are home to a stagger-
ing 65 million out of the 1.2 billion residents of the 
country. Maharashtra hosts the highest number of 
11.8 million slum dwellers (18.1%). Characterized 
by dilapidated housing, cramped living spaces, poor 
sanitation, and lack of access to basic facilities, these 
unhealthy dwelling areas negatively impact the growth 
and development of children [4]. Although not much 
research has studied the prevalence of behavioral 
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problems in these areas, the few which have been done 
pin the prevalence of children with at least one behav-
ioral problem in urban slums from 22.4% in Andhra 
Pradesh to 49.7% in Maharashtra [5]. The nutritional 
status of these populations is also poor, with the dual 
burden of the disease being widespread among disad-
vantaged communities – undernutrition as a result of 
lack of food or recurrent infections, and overnutrition 
as a result of incorrect mothering practices or infec-
tions [6]. 

It is indisputable that there exists a link between 
behavioral problems and nutrition (or lack thereof), 
yet there are limited studies that review this link in the 
highly vulnerable children of urban slums, especially 
in a developing country like India. Thus, this study 
has been conducted to understand the interrelation 
between behavioral problems and nutritional status of 
children aged 6-12 years in an urban slum in Pune, 
India [7]. 

Materials and Methods

Study design
This study is cross-sectional by design and was 

conducted in the Ambedkar Nagar slum in the Market 
yard, Pune. Children aged 6-12 years of both genders 
were included in the study, while those with a previous 
medical diagnosis of any chronic illness or genetic dis-
order were excluded. Convenience sampling was em-
ployed to select participants, i.e., consecutive dwellings 
with children were approached in order of appearance 
[8]. Parents of potential participants were informed of 
the study and its objectives, and only those who volun-
tarily signed the consent form were recruited [9]. 

Ethical approval
Ethical approval for this study was granted by the 

Institute Research Committee of Symbiosis School of 
Biological Sciences on October 14, 2019, and by the 
Independent Ethics Committee of Symbiosis Inter-
national Deemed University, Pune, on February 11, 
2020.

Tools of data collection
Structured questionnaire

A structured questionnaire was administered to 
the parents of the children through an interviewer 
in Marathi. It was used to collect information on so-
cio-demographic characteristics (age, gender, date of 

birth, presence/absence of chronic illness), socioeco-
nomic status, behavioral problems, and dietary intake 
of the children [10]. 

Socioeconomic status (SES)
Socioeconomic status was evaluated using Mod-

ified Kuppuswamy’s Socioeconomic Scale (2019), 
which considers the education and occupation of the 
head of the family, along with income per month of the 
family. An SES score, which ranges from 3–29, is cal-
culated from these three indicators of SES. This score 
was used to classify the children into three socioeco-
nomic classes – Low, Middle, and High SES [11]. 

Behavioral problems
Behavioral problems were assessed using the par-

ent-reported Strengths and Difficulties Questionnaire 
(SDQ), which is a compact behavioral questionnaire 
used for the assessment of emotions, behavior, and 
social functioning in children from 4-17 years [12]. 
This instrument includes 25 items which are divided 
between 5 subscales – difficulties with conduct, hyper-
activity, emotional symptoms, and prosocial behavior. 
A three-point scale was used by parents of the children 
to evaluate these items: “Not true,” “Somewhat false,” 
or “Definitely false”; the scales were then scored out 
of 10 [13]. In order to achieve a total difficulty score 
of 40, the scores of all subscales (excluding prosocial 
behavior) were added together. It was decided to cate-
gorize the scores of the sub-scales and the overall dif-
ficulty score as “normal” or “high.”. 

Dietary intake 
The 24-hour dietary recall was used for the ret-

rospective assessment of the child’s food intake. The 
parent of the child was asked a detailed list of all foods 
and drinks the child had consumed the previous day 
[14]. A single 24-hour dietary recall is held to be suf-
ficient to identify the average consumption of a pop-
ulation. (National Institute for Health Research, n.d.) 
Portion sizes of the foods and beverages consumed 
were reported in reference to standardized cups and 
spoons displayed. Nutrient intake of the children was 
then calculated using the software DietCal [15]. 

Anthropometric assessments
Anthropometric measurements were measured 

according to standard WHO guidelines. All instru-
ments were calibrated before use. Using a measuring 
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tape and a plastic ruler, we measured the children’s 
height [16]. The ruler was put at a straight angle to the 
wall on the child’s head. The tape measure was used 
to measure the height to the closest 0.1cm. An ana-
log manual scale was used to weigh each person to the 
closest 0.1kg. In order to measure the MUAC, fiber-
glass tape was used to the closest 0.1cm. [17]. 

Nutritional risk factor definition
The body mass index (BMI) of the children was com-

puted by dividing weight (kg) by height (m2). (Centers 
for Disease Control and Prevention, n.d.) BMI-for-age 
was categorized as ‘Underweight,’ ‘Normal’ and ‘Over-
weight/Obese’ in accordance with the guidelines set by 
the Indian Academy of Pediatrics MUAC was classified 
considering <14.5cm and <17cm as ‘undernourished’ 
for the age groups 6-9 and 10-12 years respectively [18]. 
The cut-offs considered for the ‘overnourished’ group 
(which identifies with obesity as defined by BMI) was 
18.8 cm for boys aged 6-9 years, 19.4cm for girls aged 
6-9 years, 23cm for boys aged 10-12 years, and 23.3cm 
for girls aged 10-12 years [19]. 

Data analysis
All of the data was cleansed and verified for errors. 

We put the data into SPSS version 16.0, which was 
used to analyze it. Descriptive statistics were used to 
characterize the demographic features. For categorical 
variables, the chi-square test of independence was em-
ployed. To identify dietary risk variables for behavioral 
disorders, univariate and multivariate logistic regres-
sion was utilized. The relationship between nutrition-
al consumption and SDQ scores was examined using 
multiple linear regression. It was decided to perform a 
one-way analysis of covariance (ANCOVA) to deter-
mine the difference in mean nutritional consumption 
across SDQ categories. A p-value of less than 0.05 was 
considered significant for all tests. 

Results

Demographic characteristics 
Table 1 represents the demographic characteristics 

of the study population. Fifty-two children (74.3%) 
had at least one behavioral problem, with conduct 

Table 1
Demographic characteristics by SDQ subscale.

Variable Total 
sample
(n=70)

Conduct 
problems 

(n=36)

Hyperac-
tivity (n=5)

Emotional 
problems

(n=6)

Peer prob-
lems (n=5)

Low prosocial 
behaviour

(n=38)

Total diffi-
culties
(n=7)

Age category
6-9 years 43 (61.4) 19 (52.8) 3 (60.0) 0 (0.0) 3 (60.0) 26 (68.4) 3 (42.9)
10-12 years 27 (38.6) 17 (47.2) 2 (40.0) 6 (100.0) 2 (40.0) 12 (31.6) 4 (57.1)

Gender
Boys 42 (60.0) 23 (63.9) 4 (80.0) 3 (50.0) 3 (60.0) 24 (63.2) 4 (57.1)
Girls 28 (40.0) 13 (36.1) 1 (20.0) 3 (50.0) 2 (40.0) 14 (36.8) 3 (42.9)

SES category
Low 50 (71.4) 26 (72.2) 5 (100.0) 5 (83.3) 5 (100.0) 29 (76.3) 4 (57.1)
Middle 20 (28.6) 10 (27.8) 0 (0.0) 1 (16.7) 0 (0.0) 9 (23.7) 3 (42.9)

Education of father
Literate (<8th standard) 33 (47.1) 20 (55.6) 4 (80.0) 5 (83.3) 5 (100.0) 19 (50.0) 4 (57.1)
≥8th standard 37 (52.9) 16 (44.4) 1 (20.0) 1 (16.7) 0 (0.0) 19 (50.0) 3 (42.9)

Occupation of father
Unskilled
(e.g. domestic servant, watchman)

20 (28.6) 9 (25.0) 2 (40.0) 1 (16.7) 1 (20.0) 7 (18.4) 0 (0.0)

Semi-skilled
(e.g. petty shopkeeper, factory labourer)

12 (17.1) 10 (27.8) 1 (20.0) 3 (50.0) 2 (40.0) 11 (28.9) 2 (28.6)

Skilled
(e.g. driver, electrician)

33 (47.1) 15 (41.7) 2 (40.0) 1 (16.7) 2 (40.0) 18 (47.4) 3 (42.9)

Arithmetic job
(e.g. shopkeeper, accountant)

5 (7.1) 2 (5.6) 0 (0.0) 1 (16.7) 0 (0.0) 2 (5.3)* 2 (28.6)

Monthly family income (₹)
≤13160 51 (72.9) 28 (77.8) 5 (100.0) 5 (83.3) 4 (80.0) 27 (71.1) 5 (71.4)
>13160 19 (27.1) 8 (22.2) 0 (0.0) 1 (16.7) 1 (20.0) 11 (28.9) 2 (28.6)

^ includes characteristics of the total sample and children belonging to the ‘Raised’ category for each SDQ subscale (‘Lowered’ 
category for prosocial behavior)
*Numbers in bold are significant at p≤0.05 by Chi-square test (a comparison made with the children belonging to the ‘Normal’ 
category of each SDQ subscale)
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problems (51.4%) and low prosocial behavior (54.3%) 
being the most prevalent. While a greater percentage 
of the children belonged to the 6-9 year age group 
(61.4%), all the children who had emotional problems 
belonged to the age group 10-12 years. There were 
more boys (60.0%) than girls, with no significant dif-
ference between them for any of the behavioral prob-
lems. While most of the children’s fathers had educa-
tion ≥ 8th standard (52.9%), fathers of all children who 
were reported to have peer problems had education 
less than 8th standard. Most of the children’s fathers 
(47.4%) held skilled jobs. The percentage of fathers 
performing semi-skilled jobs was significantly high-
er among children with low prosocial behavior than 
their more prosocial counterparts (28.9% vs. 3.1%). 
There was no significant difference in monthly family 
income (p>0.05). 

Predicting behavioral problems by 
nutritional risk factors

Table 2 represents the odds of behavioral problems by 
risk factors using logistic regression. The odds of having 
emotional problems increased by 2.55 with a one-year 
increase in age. After adjusting for demographics, chil-
dren who were underweight were significantly less like-
ly to develop conduct problems than those who were of 
normal weight (adjusted OR=0.16). Children who had 
an undernourished MUAC were also significantly less 
likely to develop conduct problems and low prosocial 
behavior than those who had a normal MUAC (adjust-
ed OR=0.06, 0.11). However, children who had an over 
nourished MUAC were 9.42 times more likely to be hy-
peractive than those with a normal MUAC. 

Table 3 shows OR of behavioral problems by nutri-
tional risk factors adjusting for demographic variables. 

Table 2
Odds ratio (OR) of behavioral problems by demographic variables and nutritional risk factors.

Variable Category Conduct 
problems

Hyperactivity Emotional 
problems

Peer problems Low prosocial 
behavior

Total Difficul-
ties

OR
(95% CI)

Age (in com-
pleted years)

- 1.14 
(0.89-1.45)

1.06 
(0.67-1.68)

2.55 
(1.23-5.29)*

1.12 
(0.71-1.77)

0.79 
(0.62-1.02)

1.27 
(0.85-1.91)

Gender Boys 1.39 
(0.54-3.65)

2.84 
(0.30-26.86)

0.64 
(0.12-3.43)

1.00 
(0.16-6.40)

1.33 
(0.51-3.48)

0.88 
(0.18-4.26)

Girls 1 1 1 1 1 1
SES score - 0.86 

(0.69-1.08)
0.81 

(0.53-1.25)
0.79 

(0.53-1.19)
0.77 

(0.49-1.19)
1.01 

(0.82-1.26)
1.22 

(0.86-1.73)
BMI category Underweight 0.15 

(0.03-0.78)*
1.47 

(0.14-15.61)
0.00 

(0.00)
1.08 

(0.11-10.69)
0.30 

(0.07-1.29)
1.08 

(0.11-10.69)
Overweight/
Obese

0.68 
(0.19-2.42)

1.33 
(0.13-14.09)

2.15 
(0.34-13.42)

0.00 
(0.00)

2.42 
(0.58-10.10)

2.15 
(0.34-13.42)

Normala 1 1 1 1 1 1
MUAC cate-
gory

Undernour-
ished

0.10 
(0.01-0.87)*

0.00 
(0.00)

0.00 
(0.00)

2.52 
(0.23-27.72)

0.10 
(0.01-0.87)*

0.00 
(0.00)

Overnour-
ished

0.35 
(0.06-2.06)

8.83 
(1.13-69.15)*

2.04 
(0.19-21.08)

3.53 
(0.31-40.61)

1.39 
(0.24-8.26)

1.67 
(0.17-16.76)

Normal 1 1 1 1 1 1

^The odds of belonging to the ‘Raised’ (/’Lowered’) category for each SDQ subscale is represented here
*Numbers in bold are significant at p≤0.05 by logistic regression
a reference

Table 3
OR of behavioral problems by nutritional risk factors adjusting for demographic variables.

Variable Category Conduct 
problems

Hyperactivity Emotional 
problems

Peer problems Low prosocial 
behavior

Total Difficul-
ties

OR
(95% CI)

Model 1 
BMI category Underweight 0.16 

(0.03-0.86)*
2.30 

(0.18-30.08)
0.00 

(0.00)
1.53 

(0.13-17.82)
0.28 

(0.06-1.28)
0.84 

(0.08-8.98)
Overweight/
Obese

0.63 
(0.17-2.40)

1.68 
(0.14-20.92)

2.41 
(0.24-24.13)

0.00 
(0.00)

3.19 
(0.69-14.55)

1.50 
(0.22-10.25)

Normala 1 1 1 1 1 1
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The odds of belonging to the ‘Raised’ (/’Lowered’) cat-
egory for each SDQ subscale is represented here

Association between prosocial behavior 
score and nutrient intake

Figure 1 represents the relationship between 
prosocial behavior score and nutrient intake. After 
adjusting for age, gender, and SES score, multiple 
linear regression revealed a decrease in the intake 
of protein, B vitamins (except biotin and vitamin 
B12), and minerals (copper, iron, magnesium, phos-
phorus, potassium, and zinc) was paralleled by a 
decrease in prosocial behavior score. The greatest 
decrease was observed for the B vitamins, specifi-
cally riboflavin and pyridoxine. None of the other 
behavioral problems were linearly related to nutri-
ent intake. 

The difference in nutrient intake for specific 
behavioral problems

Figure 2 represents the difference in mean intake 
of selected nutrients between categories of specific be-
havioral problems, adjusted for age, gender, and SES 
score. Interestingly, the mean sodium intake from 
food (excluding added sources of sodium such as salt) 
was higher in children with a raised total difficulties 
score than those with a normal score. Potassium in-
take was less in children with a raised hyperactivity 
score. Protein intake was less in children with a low-
ered prosocial behavior score. 

Discussion
In this present study, we observed the association 

between behavioral problems and nutrition in a sam-
ple of children aged 6-12 years from an urban slum. 

Variable Category Conduct 
problems

Hyperactivity Emotional 
problems

Peer problems Low prosocial 
behavior

Total Difficul-
ties

OR
(95% CI)

Model 2 
MUAC cate-
gory

Undernour-
ished

0.06 
(0.01-0.61)*

0.00 
(0.00)

0.00 
(0.00)

3.01 
(0.23-39.40)

0.11 
(0.01-1.00)*

0.00 
(0.00)

Overnour-
ished

0.21 
(0.03-1.39)

9.42 
(1.00-88.49)*

1.22 
(0.09-17.64)

3.57 
(0.28-44.77)

1.76 
(0.28-11.12)

1.45 
(0.13-16.17)

Normal 1 1 1 1 1 1

*Numbers in bold are significant at p≤0.05 by logistic regression
a reference
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The prevalence of behavioral problems in this sample 
was much higher (74.3%) than observed in the urban 
slums of Andhra Pradesh and Sangli, Maharashtra 
(22.4%, 49.7%, respectively).(Bele et al., 2013; Jog-
dand& Naik, 2013) 

Children who were underweight were less likely 
to show conduct problems than children with a nor-
mal weight. Children with an undernourished MUAC 
were also less likely to show conduct problems and low 
prosocial behavior than those with a normal MUAC. 
A similar finding was observed in a cross-sectional 
study on Dutch children, where those who were un-
derweight had a lower score on the conduct problems 
scale than those of normal weight. On the contrary, 
a study in a slum area in Andhra Pradesh, India, re-
vealed that undernourished children had more than 
twice the odds of developing behavioral problems 
than children of normal weight. Thus, this study em-
phasizes that children with normal weight also display 
specific behavioral problems to a considerable extent 
warranting further research about the etiology in ap-
parently well-nourished children. 

Children with an over nourished MUAC were 
almost ten times more likely to be hyperactive than 
those with a normal MUAC. As MUAC is an accurate 
indicator of obesity in children, this finding is in tan-
dem with several other studies which have determined 
a link between obesity and hyperactivity/ADHD (at-

tention deficit hyperactivity disorder). The Millenium 
Cohort Study in the UK revealed that 5-year-old obese 
boys had a greater likelihood of having abnormal 
scores on all subscales of the SDQ, including hyper-
activity (OR=1.9). (Griffiths et al., 2011) Some stud-
ies posit hyperactivity as a risk factor for obesity. In a 
national study in the US on children aged 5-17 years 
(n=62,887), the odds of children with ADHD being 
overweight was 1.5 times higher than that of controls 
after adjustment for confounders. Obesity is linked to 
hyperactivity in children, whether as a cause or con-
sequence, is something to be further studied in this 
sample.

An intriguing trend is observed in the findings giv-
en above, i.e.behavioural problems are more seen in 
normal or overweight children. In a Barbados study, 
56 youth (11-17 years) who were of good health and 
had reached their complete growth potential by pu-
berty were reported with a greater prevalence of con-
duct problems than controls. These youth had been 
malnourished in their first year of life, unlike the con-
trols. Similarly, men who experienced severe mater-
nal nutritional deficiency in their first and/or second 
trimester during the Dutch Hunger Winter were at a 
higher risk of antisocial personality disorder and also 
had a higher BMI. Both behavioral problems and a 
healthy BMI seem to be linked to nutrition in the early 
years. Thus, whether these results are possible conse-
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quences of the far-reaching effects of early biological 
insults, which result in behavioral problems in later 
life despite a full physical recovery, is an option to be 
considered.

Nutrient intake was linked to specific behavioral 
problems. A decrease in the intake of protein and most 
micronutrients was paralleled by a decrease in proso-
cial behavior score. The implicated nutrients are major 
components of the Mediterranean diet, poor adher-
ence to which has been associated with low prosocial 
behavior. Specifically, children with behavioral prob-
lems and low prosocial behavior consume fewer serv-
ings of fruits and vegetables. These food groups, along 
with nuts, also contribute to 15% of dietary potassi-
um, the intake of which was significantly lower among 
children with a raised hyperactivity score in this study. 
This is contrasted by a study in China which revealed 
that potassium (as a part of the vitamin-dietary fiber 
nutrient pattern) did not significantly alter the risk for 
ADHD. Children with a higher score on the total diffi-
culties scale had a higher intake of sodium from food, 
i.e., intake of more sodium-containing food. While 
there is a dearth of evidence supporting associations 
between sodium intake and behavior in children, stud-
ies have shown that consumption of junk food, espe-
cially salty snacks, is accompanied by violent behavior, 
psychiatric distress, or hyperactivity in children. Thus, 
protein and the micronutrients appear to be positively 
associated with behaviour while sodium (from food) 
is negatively associated. Whether these nutrient asso-
ciations indicate environmental disadvantage, such as 
food insecurity or neighbourhood deprivation, which 
have been seen to negatively influence child mental 
health and prosocial behaviour; or a more cause-ef-
fect biological basis is an interesting question to be 
answered. 

Demographics were also related to specific aspects 
of behaviour. A one-year increase in age increased the 
likelihood of developing emotional problems. The 
older age group considered in this study i.e. 10-12 
years, has been reported to have a high prevalence of 
emotional problems such as depression and anxiety in 
other studies as well. In this sample, occupation of the 
father was associated with low prosocial behaviour. 
Conversely, other studies show parental education and 
family income to be stronger predictors of behavioural 
problems. However, only parental unemployment was 
considered in these studies and not the type of occu-
pation.

This study has its limitations, the major one being 
the small sample size which undermines the strength 
of the results. Information on oil sugar and salt intake 
could not be collected. Also, there was no direct con-
trol over questionnaire administration by the investi-
gator. Nevertheless, the agreement of these findings to 
previous research establish that nutrition is associat-
ed with behavioural problems in this sample of chil-
dren from an urban slum. Thus, additional studies are 
needed to validate these results and further assess the 
nature of the relationship between nutrition and be-
havioural problems.

Conclusion
Children from the slums live in a high-risk envi-

ronment, making them likely to develop behavioural 
problems. A decrease in protein and micronutrient 
consumption was associated with a decrease in pro-
social behaviour. Children with high levels of hy-
peractivity consumed less potassium, whereas those 
with high levels of overall problems consumed more 
salt. After adjusting for demographic factors, all of 
these relationships remained statistically significant. 
As a result of the findings of this research, investiga-
tions and treatments aimed at improving the mental 
health and behaviour of vulnerable children in slums 
must include nutrition as an essential component. 
This is substantiated by the extremely high preva-
lence of behavioural problems in this sample. These 
behavioural problems are seen to be associated with 
different indicators of nutritional status (BMI and 
dietary intake) in these children. Thus, it is essen-
tial that further studies be conducted to guide inter-
ventions, targeting the mental health and behaviour 
of children in slums, in incorporating nutrition as a 
component for the holistic growth and development 
of the child. 
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