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Background: Young children living in urban slums are vulnerable to malnutrition and

subsequently poor health outcomes, but data on the correlates of stunting, underweight,

wasting, and anemia specifically among 10–18month-old children in India remain limited.

Objective: In this analysis, we sought to describe the prevalence of and examine

correlates for different markers of undernutrition, including stunting, underweight, and

anemia among 10–18 month-old children living in urban slums, an understudied

vulnerable group.

Methods: Children and their mothers (n = 323) were screened for anthropometry,

demographics, and complete blood counts for hemoglobin concentration between

March and November 2017 (Clinicaltrials.gov ID: NCT02233764). Correlates included

child and mother’s age, sex, birth order, birth weight, illness episodes, hemoglobin

concentration, family income, maternal height, and maternal education level. Risk

ratios (RR, 95% CI) for binary outcomes (stunting, underweight, wasting and anemia)

and mean differences (β, 95% CI) for continuous outcomes (anthropometric Z-scores,

hemoglobin concentration) were calculated using multivariate binomial and linear

regression (SAS 9.4).

Results: The prevalence of stunting was 31.2%, underweight 25.1%, wasting (9.0%),

and anemia (76%) among all children. Male children had a higher prevalence of

poor growth indices and lower anthropometric Z-scores than females. Male sex, low

birthweight, shorter maternal height, report of ≥1 episodes of illness within the past

month, older maternal age, and birth order≥2were also associated with poor growth and

anemia in multivariate models. Correlates of undernutrition were different among females

and males. Female children had a 40% (20, 60%) higher risk of anemia associated with

diarrhea, and male children who were firstborn had a 20% (0, 70%) lower risk of anemia.
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Conclusions: These results show that poor growth and anemia among young children

is prevalent in urban slums of Mumbai, and that sex of the child may play an important

role in informing interventions to address undernutrition.

Keywords: children, nutrition, Mumbai, anemia, stunting, India, growth, urban slums

INTRODUCTION

Describing the multifactorial determinants of undernutrition
in young children living in urban slums—a high-risk group—
in countries where undernutrition is highly prevalent such as
India (1)—is of critical importance to identify and implement
solutions that will enable the attainment of the current
World Health Assembly Global Nutrition Targets for 2025
(2) and Sustainable Development Goals (particularly Goal 2)
by 2030 (3).

Slum conditions are defined by the United Nations as having

inadequate access to durable housing, a sufficient living area,

safe water, sanitation, basic services, and protection against
forced eviction (4–6). Globally, a total of 1 billion people reside

in slums (7), including nearly half of Mumbai’s population

in 2011 (6). These slums are often unhealthy environments

for populations as a whole and particularly for vulnerable
groups such as young children (8–11). However, data on the

prevalence and correlates for malnutrition are limited in this
high-risk population, particularly in Indian urban slums (5,
8, 12, 13). As a recent review by Goudet et al. (8) argues,
an improved understanding of the correlates for malnutrition
in children in slums is needed to inform interventions, as
well as provide guidance to practitioners and decision-makers.
These correlates include both early-life determinants such as
birth weight and maternal height/age, as well as current factors
such as the child’s age, family size, illness, and income level
(8). Many studies have also identified sex differences in health
and nutrition status: male children appear to have a higher
prevalence of poor health outcomes than female children,
both in terms of immune function (14) as well as metrics of
poor growth (8).

There are several nutrition programs in India. For example,

Integrated Child Development Services (ICDS) (15) which

provides supplemental ration to 0–6 year-old children to
improve nutrition status is run in urban slums of Mumbai;

however, the prevalence of undernutrition in early childhood

remains high (16). Therefore, the objective of this analysis
was to describe and examine maternal and child correlates

for markers of undernutrition, including poor growth and

anemia among 10–18 month-old children living in urban
slums of western Mumbai, India, an understudied vulnerable

group. Additionally, this analysis will inform the selection
and targeting of an appropriate population for a planned
nutritional intervention of iron- and zinc-biofortified pearl
millet (17, 18) in this setting (e.g., Clinicaltrials.gov ID:
NCT02233764) (19) as well as for future nutritional intervention
trials in other low-resource settings (e.g., Clinicaltrials.gov
ID: NCT02648893).

MATERIALS AND METHODS

Study Population, Setting, and Design
Eligibility for the current cross-sectional analysis was informed
by a larger randomized controlled nutritional intervention
efficacy trial (RCT) in which children aged between 10 and
18 completed months and their mothers living in 20 urban
slum communities of Western Mumbai (including the East
areas of Khar, Bandra, Santacruz) were screened for enrollment
(Clinicaltrials.gov ID: NCT02233764; Clinical Trials Registry
of India, CTRI: REF/2014/10/007731) (19). This parent RCT
sought to follow up the participating children during their
2nd year of life (from 12 to 27 months of age), and therefore
children were between 10 and 18 months old at screening
prior to enrollment. The RCT protocol was reviewed and
approved by the Inter Systems Biomedical Ethical Committee
(ISBEC, Mumbai, Maharashtra, India), St. John’s Research
Institute (SJRI) Institutional Ethics Committee (IEC), and the
Institutional Review Board (IRB) at Cornell University. In
addition, permissions to conduct the study were obtained from
the Health Ministry Screening Committee of India (Indian
Council of Medical Research). Informed consent was obtained
from all caregivers in an audio/visual format per Indian
Government guidelines (20). Data included in the current
analysis were collected from March to November 2017. After
a census was conducted to identify children in the appropriate
age group (10–18 months) residing in selected slums, caregivers
were invited to come to the study center, Center for the Study of
Social Change (CSSC, Bandra East, Mumbai), with their children,
to be screened for eligibility in the randomized trial; inclusion
criteria have been described previously (19). All children were
provided 400mg albendazole as recommended by World Health
Organization (21) during screening under supervision by the
study physician.

Sample Size
The target sample size of the randomized trial was 96
participants, calculated by anticipated change in serum ferritin
across 9 months of follow-up (19). The current analysis included
all participants screened who had complete weight and other
demographic data. For the current analysis, we determined
that this sample was sufficient to achieve 81.3% power to
detect a 1.5 higher risk ratio of stunting (our main outcome
of interest) in male children (we hypothesized males were
particularly vulnerable to undernutrition) when 31% of children
were stunted overall.

Assessment of Correlates
Data were collected from children at screening for the
aforementioned randomized controlled trial, and therefore
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included data from children both eligible and ineligible to
participate in the trial. Correlates included variables at the child
level (age, sex, anthropometry, anemia and hemoglobin status,
illness report), family level (income, birth order), and maternal
level (age, height, education level) and are described below.

Anthropometry
Trained research assistants collected anthropometric
measurements using standardized procedures (22). The
average of either duplicate (recumbent length, mid-upper-arm
circumference, head circumference) and triplicate (triceps
skinfold, subscapular skinfold) measurements was used as the
final measurement. The weight of each child was measured using
Rice Lake and Seca 703 body weight scales to the nearest 0.01 kg
and calculated as the difference in weight of the child’s caregiver
alone compared to the weight of the caregiver holding the child,
both wearing standard attire (without shoes) (GmbH & Co.
KG, Hamburg, Germany). Maternal height was measured to the
nearest 0.1 cm using an adult stadiometer (HeightLite, Weigh
and Measure LLC, Olney, Maryland, USA). Child recumbent
length was measured to the nearest 0.1 cm using an infant
length board (ShorrBoard, Weigh and Measure LLC, Olney,
Maryland, USA). Triceps skinfold and subscapular skinfold were
measured to the nearest 5mm (Lange Skinfold Caliper, Ann
Arbor, MI, USA). Mid-upper-arm circumference (MUAC) and
head circumference were measured to the nearest 0.1 cm (Shorr
Child MUACWeigh and Measure LLC, Olney, Maryland, USA).
Maternal height [continuous (cm) or categorized as short stature
defined as <150 cm (23)] was included as a correlate.

Demographic and Health History
Research assistants collected maternal and child demographic
and health history data through interviews with caregivers.
Sociodemographic factors included age of the child (age was
determined by caregiver’s recall and confirmed by maternal/child
health card), sex of the child, child’s birth weight low birthweight
[defined as <2.5 kg (24, 25), was determined by caregiver’s recall
and confirmed by maternal/child health card)], maternal age,
highest level of education for the mother [less education was
defined as less than and including 8 years or eighth standard,
at which point it is common for students from slum areas to
stop going to school (26, 27)] low income [defined as <10,000
Indian Rupees (INR) per month, which is equivalent to 142%
of the currently recommended poverty line of 7,035 INR/month
(approx. USD 110 at the time of the study) for a family of 5 living
in an urban setting (28)] and reported birth order (first-born/only
child compared to later-born). The child’s health history data was
reported by the mother (including if the child having had any
occurrence of diarrhea, fever, cough, or other illness within the
past month) and a physical examination was conducted by the
study clinician.

Biological Samples
At the study center (CSSC), a pediatric phlebotomist applied
topical anesthetic [Prilox Cream (lidocaine with prilocaine),
Neon Laboratories Limited, Mumbai, India], topical antisepsis
and then collected venous blood from the antecubital vein.

After centrifugation to separate serum from whole blood,
blood was divided into aliquots and immediately transported
(within a range of 1–6 h after collection) to SRL Diagnostics
(Goregaon, Mumbai) for immediate analysis as well as storage at
−80◦C for future batch analyses of nutrition status and immune
function. Complete blood counts including hemoglobin,
hematocrit (Hct), mean cell volume (MCV), and mean
corpuscular hemoglobin (MCH) were immediately analyzed
by SRL Diagnostics laboratory in Mumbai (Beckman Coulter
Counter). Anemia was defined as hemoglobin concentration
<11.0 g/dL (29). Microcytic hypochromic anemia was
defined as the presence of anemia with MCV <77 fL (30)
and MCH <34.4 pg (29, 31).

Assessment of Outcome and Outcome
Definitions
Outcome variables included stunting, underweight, wasting,
length-for-age Z-score (LAZ), weight-for-age Z-score (WAZ),
weight-for-length Z-score (WLZ), anemia, and hemoglobin
concentration among children. Anthropometric Z scores,
continuous or categorized as <2 standard deviations (SDs)
from the reference standard median, were calculated using
WHO International Growth References (version 3.2.2, 2011,
http://www.who.int/childgrowth/en/). Underweight was
defined as WAZ <2 SDs, stunting as LAZ <2 SDs, and
wasting as WLZ <-2 SDs below the reference standard (32).
Continuous hemoglobin concentration and hemoglobin
concentration below 11.0 g/dL (i.e., anemia) were also analyzed
as outcomes (29).

Statistical Analysis
Continuous variables were analyzed for normality using the
Shapiro–Wilk test; if data were not normally distributed, means
and interquartile ranges (IQR) were reported. Hodges-Lehmann-
Sen tests were used to compare continuous variables between
groups. Categorical data were compared using the Chi Square
test and Fisher’s Exact test where counts per cell were less
than five. Risk ratios (RRs) and 95% confidence intervals
(CI) were estimated by binomial regression with the log-
link function. If the model failed to converge, a log-Poisson
regression approach was used to estimate the RR and 95%
CI (33). Potential correlates were known or probable risk
factors for the outcome based on biological plausibility and
previous literature (8). Correlates associated with the outcome
of interest at P < 0.20 in univariate analysis were included
in the multivariate model; only those correlates were retained
in the model that were associated with the outcome with a P-
value of ≤ 0.05 (34). Analyses were also conducted separately
for male and for female children. We used the missing
indicator method to account for missingness in correlates. All
analyses were two-sided and differences between groups were
considered significant at P < 0.05. Data were analyzed using SAS
version 9.4 (SAS Institute, Cary, North Carolina, USA). These
data were subject to cross-checking and confirmation by the
Cornell Institute for Social and Economic Research (CISER) to
ensure reproducibility.
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RESULTS

Characteristics of Study Participants
A total of 407 children residing in 20 urban slums of Western
Mumbai were screened for eligibility into the parent trial
between March and November 2017. From the time period of
screening, both anthropometry and sociodemographic data from
323 children, including 277 children with adequate whole blood
collected for complete blood counts, were available for analyses.

Characteristics of the population are presented in Table 1.
Male and female children were similar in most characteristics,
except that males were heavier and had a higher head
circumference compared to female children. Low birthweight
was reported by mothers in 20.7% of children. Report of at
least 1 episode of an illness (diarrhea, cough, and/or fever) were
reported to have affected 11.4–37.1% of participants within the
past month. Nearly half of the children were the first-born child
in the family. Over 70% ofmothers reported their maximum level
of education attained was ≤8th standard.

Correlates of Poor Growth and Anemia
The median (IQR) LAZ, WAZ, and WLZ across the sample was
−1.40 (−2.14, −0.64), −1.29 (−2.01, −0.52), and −0.77 (−1.40,
−0.21), respectively. The prevalence of stunting, underweight,
and wasting was 31.2, 25.1, and 9.0%, and each was more
common amongmales than females (Table 1). Themedian (IQR)
hemoglobin concentration was 10.1 (8.9, 10.9) g/dL, and over
75% of children were anemic (hemoglobin <11 g/dL).

In multivariate models, male sex was associated with a 50%
(95% CI: 10, 110%) higher risk of stunting and lower LAZ
score [−0.30 (95% CI:−0.54,−0.07)] (Table 2). Other correlates
of stunting in the cohort included low birthweight [RR: 1.4
(95% CI: 1.0, 1.8)] and maternal height, which was associated
with a 7% (95% CI: 5, 9%) lower risk of stunting per every
additional centimeter. Low birthweight, short maternal stature,
and maternal education ≤8th standard were all significantly
associated with 0.39–0.46 lower LAZ. Among male children,
increasing maternal height was protective against stunting and
associated with higher LAZ, in addition to advanced maternal
education [−0.40 (95% CI: −0.78, −0.02)] (Table 3). In female
children, report of cough in the past 1 month was associated
with an over 2-fold higher risk of stunting [RR: 2.2 (95% CI: 1.3,
3.6)] (Table 4). Increasing maternal height was also associated
lowered risk of stunting in female children as well as higher LAZ
(Table 4). Other factors that were associated with lower LAZ in
female children included low birthweight [−0.69 (95%CI:−1.08,
−0.31)] and less maternal education [−0.41 (95% CI: −0.75,
−0.06)]. Fever was also associated with higher LAZ in female
children [0.53 (0.19, 0.88)].

Among all children, multivariable models revealed that only
increasing maternal height was associated a lower risk of
underweight [0.94 (0.91, 0.97)], which was also associated with a
higher WAZ; low birthweight was associated with a −0.69 (95%
CI:−0.96,−0.42) lowerWAZ (Table 2). In males and in females,
low birthweight and decreasing maternal height were associated
with lower WAZ. A higher risk of underweight [RR: 1.9 (95%
CI: 1.0, 3.7)] when maternal height was <150 cm was observed
among female children, as well as lower WAZ among female

children who were reported to have at least 1 coughing episode
within the past month (Table 4).

In multivariate models, low birthweight was associated with a
greater risk of wasting [RR: 2.9 (95%CI: 1.5, 5.6)] and lowerWLZ
[0.62 (95% CI:−0.88,−0.35)] (Table 2). A higher risk of wasting
[RR: 2.8 (95% CI: 1.3, 6.1)] was associated with report of at least
one episode of fever within the past month.

Being male, having a low birthweight, and having had at
last 1 diarrhea episode were associated with lower hemoglobin
concentrations, while being firstborn and oldermaternal age were
associated with higher hemoglobin concentrations (Table 2).
Analyses carried out in male or female children alone showed
different correlates by sex: Report of at least one diarrheal episode
within the past month was associated with a 40% (20, 60%)
greater risk of anemia and 0.70 (95% CI: 0.05, 1.35) g/dL lower
hemoglobin among female children. Among males, birth order
= 1 was associated with 20% (95% CI: 0, 70%) lower risk of
anemia [and a 0.38 (95% CI: 0.1.13, 0.12) g/dL lower hemoglobin
concentration] in addition to older maternal age, which was
associated with a 3% (95% CI: 0, 5%) lower risk of anemia per
additional year.

DISCUSSION

The overall purpose of this study was to describe the prevalence of
undernutrition in a specific understudied vulnerable population:
10–18 month-old children in urban slums of Mumbai. We
also describe the correlates of undernutrition in this context
and compare and contrast the results to other settings in the
following text. In the present study, we found a high prevalence
of stunting, underweight and anemia and to a lesser degree,
wasting among children residing in urban slums. Overall, a
higher risk of stunting and lower LAZ score was observed
for several correlates including male sex, low birthweight,
shorter maternal height, and less maternal education. The risk
of underweight and lower WAZ was associated with shorter
maternal height and low birthweight, which was similar among
both male and female children. Wasting and lower WLZ was
associated with low birthweight and report of fever. Lower
hemoglobin concentrations were associated with male sex and
low birthweight, and report of diarrhea was associated with both
lower hemoglobin concentrations and anemia. Differences by
sex were observed, including that low birthweight and report of
illness (fever and cough) were associated with stunting and low
LAZ in females but not males; similarly, report of cough was
associated with lower WAZ among females but not males. The
association between correlates and hemoglobin concentration
also varied by sex; birth order and maternal age were associated
with anemia and hemoglobin only among males, while the
association between diarrhea and hemoglobin was observed only
among females.

The prevalence of stunting, underweight and anemia among
young children in urban slums of India in this study were higher
and that of wasting was lower that Mumbai’s urban population
(35). Previous studies have shown that children in urban slums
suffer a higher proportion of undernutrition compared to non-
slum areas (36). For example, in a 2013 study in Bangladesh,
children under 5 living in urban slums had nearly double the
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TABLE 1 | Characteristics of cohort (N = 323).

Characteristic N n (%) or median (IQR) Males (n = 164)

n (%) or median (IQR)

Females (n = 159)

n (%) or median (IQR)

P-value

Child’s age (mo) 323 14.5 (12.7, 16.7) 14.4 (12.5, 16.4) 14.6 (13.0, 16.9) 0.12

Age <15 mo 323 184 (57.0) 99/164 (60.4) 85/159 (53.5) 0.21

Birth weight (kg) 323 2.7 (2.5, 3.0) 2.6 (2.5, 3.0) 2.8 (2.5, 3.0) 0.54

Low birthweight (<2.5 kg) 67 (20.7) 34/164 (20.7) 33/159 (20.8) 0.99

Weight (kg) 323 8.6 (7.9, 9.4) 8.7 (8.0, 9.6) 8.3 (7.8, 9.1) <0.01

Length (cm) 321 74.2 (72.0, 77.0) 74.2 (72.3, 77.0) 74.0 (71.8, 77.0) 0.12

Head circumference (cm) 322 44.3 (43.3, 45.3) 44.8 (43.8, 45.9) 43.6 (42.9, 44.6) <0.0001

Mid-upper-arm circumference (cm) 323 14.3 (13.6, 14.9) 14.4 (13.7, 15.0) 14.2 (13.5, 14.8) 0.12

Triceps skinfold (mm) 322 7.67 (6.67, 9.00) 7.85 (6.67, 9.25) 7.50 (6.50, 8.83) 0.15

Subscapular skinfold (mm) 322 7.00 (6.03, 8.33) 7.00 (6.17, 8.33) 6.83 (6.00, 8.00) 0.42

Length-for-age Z-score 321 −1.40 (−2.14, −0.64) −1.67 (−2.32, −0.69) −1.19

(−1.97, −0.54)

0.01

Stunting 100 (31.2) 62/162 (38.3) 38/159 (23.9) <0.01

Severe stunting 26 (8.1) 16/162 (9.9) 10/159 (6.3) 0.24

Weight-for-age Z-score 323 −1.29 (−2.01, −0.52) −1.41 (−2.13, −0.56) −1.13

(−1.77, −0.45)

<0.05

Underweight 81 (25.1) 49/164 (29.9) 32/159 (20.1) <0.05

Severe underweight 11 (3.4) 8/164 (4.9) 3/159 (1.9) 0.22a

Weight-for- length Z-score 321 −0.77 (−1.40, −0.21) −0.84 (−1.56, −0.24) −0.72

(−1.29, −0.14)

0.10

Wasting 29 (9.0) 20/162 (12.4) 9/159 (5.7) <0.05

Severe wasting 4 (1.25) 2/162 (1.2) 2/159 (1.3) 0.99a

Stunting, underweight, or wasting [CIAF (33, 34)] 321 122 (38.0) 76/162 (46.9) 46/159 (28.9) <0.001

Stunted and underweight 321 63 (19.6) 37/162 (22.8) 26/159 (16.4) 0.14

Wasted and underweight 321 25 (7.8) 18/162 (11.1) 7/159 (4.4) <0.05

Stunted and wasted and underweight 321 16 (5.0) 11/162 (6.8) 5/159 (3.1) 0.13

Hemoglobin (g/dL) 277 10.1 (8.9, 10.9) 9.8 (8.7, 10.9) 10.2 (9.3, 11.0) 0.059

Anemia (Hb <11.0 g/dL) 209 (75.5) 110/142 (77.5) 99/135 (73.3) 0.42

Severe Anemia (Hb <7.0 g/dL) 8 (2.9) 5/142 (3.5) 3/135 (2.2) 0.72a

Microcytic hypochromic anemia 206 (74.4) 109/142 (76.8) 97/135 (71.9) 0.35

Diarrhea today or within past mo 299 34 (11.4) 14/151 (9.3) 20/148 (13.5) 0.25

Cough today or within past mo 299 95 (31.8) 52/151 (34.4) 43/148 (29.1) 0.32

Fever today or within past mo 299 111 (37.1) 60/151 (39.7) 51/148 (34.5) 0.35

Exclusive breastfeeding ≥6 mo 320 218 (68.1) 109/161 (67.7) 109/159 (68.6) 0.87

First-born in family 319 135 (42.3) 73/161 (45.3) 62/158 (39.2) 0.27

Income <10,000 INR per mo 321 88 (27.4) 118/162 (72.8) 115/159 (72.3) 0.92

Maternal height (cm) 323 150.5 (147.0, 154.5) 150.0 (146.1, 154.0) 151.5 (147.6, 155.0) 0.13

Maternal short stature (height <150 cm) 323 138 (42.7) 76/164 (46.3) 62/159 (39.0) 0.18

Maternal age (years) 320 27 (25, 30) 27 (25, 30) 27 (24, 30) 0.93

Maternal education: ≤8th standard 318 231 (72.6) 117/160 (73.1) 114/158 (72.2) 0.85

Paternal education: ≤8th standard 319 260 (81.5) 126/160 (78.8) 134/159 (84.3) 0.20

Correlates refer to child unless noted by “maternal”; 14% of blood data are missing. Microcytic hypochromic anemia is defined as MCV<77 fL (30), MCH<34.4 pg (31), and hemoglobin

<11 g/dL (29). LAZ, length-for-age Z-score; WAZ, weight-for-age Z-score; WLZ, weight-for-length Z-score; underweight, WAZ <-2; severe underweight, WAZ <-3; stunting, LAZ <-2;

severe stunting, LAZ <-3; wasting, WLZ <-2; severe wasting, WLZ <-3;CIAF, comprehensive index of anthropometric failure; low income defined as <10,000 Indian Rupees (INR) per

month (142% of the poverty line) (28); cough, fever, and diarrhea as reported occurring today or within the past 4 weeks. P-values represent Chi-Square or Hodges-Lehmann-Sen tests

as appropriate. aFisher’s Exact test was performed to generate this P-value. Bolded values mean statistical significance.

prevalence of stunting and wasting compared to those living in
urban non-slum areas (37).

A 2013 review (8) assessed 38 studies which examined risk
factors of undernutrition among children in urban slum settings
around the world and concluded that we need to understand
these risk factors better to conduct more effective nutritional

intervention trials in these vulnerable populations. From these
38 studies, the six most-reported risk factors in previous studies
included (in descending order) maternal education status, age of
the child, sex of the child, household income, report of illness,
and family size (8). We compare and contrast the results of
the present study and previous literature in the following text,
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TABLE 2 | Correlates of poor growth and anemia among n = 323 children.

Correlate

(univariate,

multivariate)

Continuous and dichotomous outcomes (Unadjusted univariate and adjusted multivariate analysis)

LAZ β (95% CI) Stunting RR

(95% CI)

WAZ β (95% CI) Underweight

RR (95% CI)

WLZ β (95% CI) Wasting RR

(95% CI)

Hemoglobin

(g/dL) β (95% CI)

Anemia RR

(95% CI)

Age (days) −0.00

(−0.00, 0.00)

1.0

(−1.0, 1.0)

−0.00

(−0.00, 0.00)

1.0

(1.0, 1.0)

1.00

(1.00, 1.00)

1.0

(−0.0, 0.0)

0.00

(−0.00, 0.00)

1.0

(1.0, 1.0)

Age as factor in multivariate model

Male (vs. female) −0.32

(−0.57, −0.07)**

1.6

(1.1, 2.2)**

−0.25

(−0.48, −0.01)**

1.5

(1.0, 2.2)**

−0.16

(−0.38, 0.06)*

2.2

(1.0, 4.6)**

−0.36

(−0.70, −0.01)**

1.1

(0.9, 1.2)

Male as factor in multivariate

model

−0.30

(−0.54, −0.07)**

1.5

(1.1, 2.1)**

−0.22

(−0.44, −0.00)**

1.4

(1.0, 2.0)

−0.13

(−0.35, 0.08)

2.1

(0.9, 4.5)

−0.44

(−0.77, −0.11)**

Low birthweight (vs.

birthweight >2.5 kg)

−0.60

(−0.90, −0.29)**

1.6

(1.2, 2.3)**

−0.81

(−1.09, −0.53)***

1.9

(1.3, 2.8)**

−0.66

(−0.93, −0.39)***

3.1

(1.6, 6.1)**

−0.51

(−0.94, −0.08)**

1.1

(1.0, 1.3)*

Low birthweight as factor in

multivariate model

−0.46

(−0.76, −0.17)**

1.4

(1.0, 1.8)**

−0.69

(−0.96, −0.42)***

1.7

(1.2, 2.5)**

−0.62

(−0.88, −0.35)***

2.9

(1.5, 5.6)**

−0.50

(−0.90, −0.09)**

1.1

(0.8, 1.6)

Hemoglobin (g/dL) 0.10

(0.00, 0.19)**

0.9

(0.8, 1.0)**

0.06

(−0.03, 0.15)*

1.0

(0.9, 1.2)

0.01

(−0.07, 0.09)

1.0

(0.8, 1.3)

n/a n/a

Hemoglobin as factor in

multivariate model

0.05

(−0.04, 0.14)

1.0

(0.8, 1.1)

0.00

(−0.08, 0.08)

n/a n/a

Anemia (vs. hemoglobin >11

g/dL)

−0.10

(−0.43, 0.22)

1.1

(0.7, 1.7)

1.01

(0.75, 1.37)

0.9

(0.5, 1.3)

0.14

(−0.15, 0.42)

0.9

(0.4, 2.3)

n/a n/a

Anemia as factor in

multivariate model

n/a n/a

Diarrhea [vs. no diarrhea

episode(s) in the past month]

0.29

(−0.12, 0.69)*

0.7

(0.4, 1.4)

1.26

(0.86, 1.86)

0.9

(0.5, 1.8)

0.13

(−0.23, 0.50)

0.7

(0.2, 2.7)

−0.81

(−1.37, −0.25)**

1.3

(1.2, 1.5)***

Diarrhea as factor in

multivariate model

0.25

(−0.14, 0.63)

−0.69

(−1.23, −0.16)**

1.3

(1.2, 1.5)***%

Cough [vs. no cough

episode(s) in the past month]

0.87

(0.66, 1.14)

1.3

(0.9, 1.8)*

−0.23

(−0.50, 0.03)*

1.4

(0.9, 2.1)*

−0.19

(−0.44, 0.06)*

2.0

(0.9, 4.1)*

−0.07

(−0.45, 0.31)

0.9

(0.8, 1.1)

Cough as factor in multivariate

model

1.1

(0.8, 1.6)

−0.19

(−0.43, 0.05)

1.1

(0.7, 1.7)

−0.18

(−0.42, 0.06)

1.4

(0.6, 3.2)

Fever [vs. no fever episode(s)

in the past month]

0.19

(−0.08, 0.46)*

1.0

(0.7, 1.5)

0.00

(−0.25, 0.25)

1.4

(0.9, 2.0)*

−0.14

(−0.38, 0.09)

3.0

(1.4, 6.6)**

0.11

(−0.26, 0.48)

0.9

(0.8, 1.1)*

Fever as factor in multivariate

model

0.24

(−0.02, 0.49)

1.3

(0.9, 1.9)

2.8

(1.3, 6.1)**

0.9

(0.7, 1.2)

First born (vs. later born) 0.07

(−0.19, 0.32)

1.1

(0.8, 1.5)

0.12

(−0.12, 0.36)

1.0

(0.7, 1.4)

0.12

(−0.11, 0.34)

0.9

(0.4, 1.8)

0.39

(0.03, 0.74)**

0.8

(0.7, 1.0)**

First born as factor in

multivariate model

0.56

(0.21, 0.92)**

0.9

(0.6, 1.1)

Low income (vs. >10,000

rupees/month)

−0.31

(−0.59, −0.03)**

1.3

(0.9, 1.8)*

−0.27

(−0.53, −0.00)**

1.2

(0.8, 1.8)

−0.13

(−0.38, 0.12)

1.1

(0.5, 2.3)

−0.35

(−0.74, 0.03)*

1.0

(0.9, 1.2)

Income as factor in

multivariate model

1.0

(0.7, 1.3)

1.0

(0.6, 1.6)

−0.02 −0.27,

0.24)

−0.27

(−0.64, 0.10)

Maternal age (y) −0.00

(−0.03, 0.03)

1.0

(−1.0, 1.1)

0.01

(−0.02, 0.03)

1.0 1.0, 1.1) 1.01

(0.98, 1.04)

1.1

(1.0, 1.15)*

0.05

(0.01, 0.09)**

1.0

(1.0, 1.0)

Maternal age as factor in

multivariate model

1.1

(1.0, 1.2)

0.07

(0.03, 0.11)**

Maternal height (cm) 0.06

(0.04, 0.08)***

0.9

(0.9, 1.0)***

0.05

(0.03, 0.07)***

0.9

(0.9, 1.0)***

0.03

(0.01, 0.05)**

0.9

(0. 9, 1.0)*

0.02

(−0.01, 0.05)*

1.0

(1.0, 1.0)

Maternal height as factor in

multivariate model

0.06

(0.03, 0.10)

0.9

(0.9, 1.0)***

0.04

(0.02, 0.06)***

0.9

(0.9, 1.0)**

0.02

(0.002, 0.04)**

1.0

(0.9, 1.0)

0.02

(−0.01, 0.04)

Maternal height <150 cm (vs.

≥150 cm)

−0.57

(−0.82, −0.32)***

2.2

(1.6, 3.1)***

−0.50

(−0.73, −0.26)***

2.1

(1.4, 3.0)**

−0.28

(−0.50, −0.05)**

1.9

(0.9, 3.9)*

−0.30

(−0.64, 0.05)*

1.1

(0.9, 1.2)

(Continued)
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TABLE 2 | Continued

Correlate

(univariate,

multivariate)

Continuous and dichotomous outcomes (Unadjusted univariate and adjusted multivariate analysis)

LAZ β (95% CI) Stunting RR

(95% CI)

WAZ β (95% CI) Underweight

RR (95% CI)

WLZ β (95% CI) Wasting RR

(95% CI)

Hemoglobin

(g/dL) β (95% CI)

Anemia RR

(95% CI)

Short maternal height as

factor in multivariate model

−0.45, −0.69,

−0.21)**

1.1

(0.6, 2.2)

0.12

(−0.23, 0.48)

1.1

(0.5, 2.1)

0.06

(−0.30, 0.13)

0.9

(0.8, 1.0)

−0.10

(−0.63, 0.43)

Maternal education ≤8th

standard (vs. >8th)

−0.48

(−0.76, −0.20)**

1.3

(1.0, 1.9)*

−0.38

(−0.64, −0.12)**

1.5

(1.0, 2.2)**

−0.20

(−0.45, 0.05)*

0.9

(0.4, 2.0)

−0.11

(−0.49, 0.28)

1.0

(0.8, 1.1)

Maternal education as factor

in multivariate model

−0.39

(−0.66, −0.12)**

1.1

(0.8, 1.5)

−0.27

(−0.52, −0.02)**

1.3

(0.9, 1.8)

−0.11

(−0.36, 0.13)

Correlates refer to child unless noted by “maternal”; LAZ, length-for-age Z-score; WAZ, weight-for-age Z-score; WLZ, weight-for-length Z-score; low income defined as <10,000 Indian

Rupees (INR) per month (142% of the poverty line) (28); cough, fever, and diarrhea as reported occurring today or within the past 4 weeks. *P ≤ 0.20; **P < 0.05; ***P < 0.0001; %

Multivariate model retained only 1 correlate signifcant at p < 0.05.

focusing on studies carried out in urban slums of India among
children under 5 years. Of note, most of these studies only
analyzed differences in the prevalence of undernutrition among
various risk factors and did not assess the differences in risk
associated with each correlate in multivariate modeling, which
our study adds to the literature.

Our findings on differences in undernutrition outcomes by
sex corroborates the review by Goudet et al. (8), who reported
eight studies conducted in urban slum populations that showed
more male children were malnourished than female children;
additionally, a recent longitudinal study in Bangladesh (38) and
research in the slums of Aligarh city, Uttar Pradesh (39) support
this result. However, contrasting findings were reported in urban
slums of Jamnagar city (40) and Vadodara city (41), Gujarat;
Srinagar District, Jammu and Kashmir (42); and Burdwan town,
West Bengal (43). The proportion of undernutrition did not
differ by in slums in Bankura (44), in Patiala, Punjab (45) or
in Kolkata, West Bengal (46). However, these studies studied
varying age groups, and as Bandyopadhyay et al. showed, the
gender differential may depend on the age range studied (46)
and the exact outcome studied: for example, females had a higher
risk of underweight than males, but not for stunting or wasting
(47). Possible biological mechanisms explaining higher risk for
undernutrition among males include that male infants have
increased metabolic requirements and thereby induce a greater
nutrient deficit, manifesting as stunting, underweight, or wasting
(48); that the greater number of males at conception causes
male children to be more vulnerable according to evolutionary
theory favoring a sex ratio of 1.0 (49); and that females have an
immunological advantage over males (14, 50). Elucidating and
reporting differences by sex is of importance for intervention
studies (51) in order to better understand and programmatically
address each population’s particular needs, particularly in the
realm of nutrition and susceptibility to diseases.

The present analysis showed that age was not a significant
correlate for undernutrition, though this may be due to the
narrower age range analyzed (10–18 months), compared to age
ranges from 0 to 5 or even 0–10 years in previous studies.
In previous studies, child’s older age was associated with a
higher risk for stunting and underweight while wasting was
associated with younger age groups (starting at 6 months) (8).
Delayed complementary feeding, which is associated with poor

weaning practices, may be one factor to explain the effect
of age on malnutrition (41). Low birthweight was associated
with undernutrition in this study, and has been shown to be
a significant correlate of poor growth outcomes in previous
literature (47, 52–60), likely due to nutrition deficit accumulation
over time (61–64). Meeting nutritional requirements before
and during pregnancy may help improve weight at birth and
minimize the need for catch up growth, as summarized in
a recent systematic review (65). However, the studies carried
out in Indian urban slums assessing the prevalence of poor
growth have used heterogeneous definitions of undernutrition
(32, 66–68) and analyzed different age ranges of children, limiting
comparability (39–47, 69–75).

Child’s illness, measured as the report of at least 1 episode of
coughing, fever, or diarrhea in the past 1 month (shortened to
either “cough,” “fever,” or “diarrhea,” respectively, in the following
text for brevity) was the main correlate studied in the present
study. Eight of the 38 previous studies (8) included a measure
of illness in analysis, and diarrhea was the illness most commonly
associated with moderate and severe undernutrition. However,
only two of the 8 studies were done in Indian urban slums among
children under 5 years of age (76, 77). These studies reported an
association betweenmore episodes of diarrhea in the past 15 days
and negative deviance in undernutrition (76), and that children
with moderate or severe pneumonia had a higher prevalence of
severe undernutrition (77).

Maternal factors, including height, education, and age, were
among correlates associated with child undernutrition. Our
findings regarding maternal height are similar to previous
research (53–55, 57, 61, 78–86), and supports the aforementioned
intergenerational cycle hypothesis such that shorter mothers give
birth to smaller offspring (64). In line with this hypothesis, a
previous study showed that children with low birthweight whose
mothers were <150 cm tall had a 2-fold higher odds of stunting,
compared to low-birthweight children whose mothers were at
least 150 cm tall (53). Another study showed that adolescent
girls who were stunted in childhood and whose mothers were
<145 cm tall were more likely to be stunted in adolescence,
thereby increasing the chance of short stature during adulthood
(87). Regarding maternal height and hemoglobin, there is
little additional evidence assessing shorter maternal height
in association with anemia among children beyond one
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TABLE 3 | Correlates of poor growth and anemia among n = 164 male children.

Correlate

(univariate,

multivariate)

Continuous and dichotomous outcomes (Unadjusted univariate and adjusted multivariate analysis)

LAZ β (95% CI) Stunting RR

(95% CI)

WAZ β (95% CI) Underweight

RR (95% CI)

Hemoglobin

(g/dL) β (95% CI)

Anemia RR

(95% CI)

Age (days) 0.00

(−0.00, 0.00)

1.0

(1.0, 1.0)

1.00

(1.00, 1.00)

1.0

(1.0, 1.0)

1.00

(1.00, 1.01)

1.0

(1.0, 1.0)

Age as factor in multivariate model

Low birthweight (vs. birthweight

>2.5 kg)

−0.35

(−0.79, 0.09)*

1.3

(0.9, 2.0)

−0.61

(−1.03, −0.19)**

1.5

(0.9, 2.5)*

−0.55

(−1.18, 0.07)*

1.2

(1.0, 1.4)*

Low birthweight as factor in

multivariate model

−0.27

(−0.68, 0.14)

−0.54

(−0.95, −0.13)**

1.3

(0.8, 2.0)

0.6

(0.3, 1.1)

1.1

(0.7, 1.8)

Hemoglobin (g/dL) 0.07

(−0.05, 0.19)

0.9

(0.8, 1.1)

1.03

(0.91, 1.16)

1.1

(0.9, 1.3)

n/a n/a

Hemoglobin as factor in multivariate

model

n/a n/a

Anemia (vs. hemoglobin >11 g/dL) −0.19

(−0.66, 0.28)

1.0

(0.6, 1.6)

0.09

(−0.36, 0.53)

0.7

(0.4, 1.2)

n/a n/a

Anemia as factor in multivariate model n/a n/a

Diarrhea [vs. no diarrhea episode(s) in

the past month]

0.24

(−0.41, 0.89)

0.7

(0.3, 1.7)

0.41

(−0.22, 1.03)

1.0

(0.4, 2.3)

−0.94

(−1.84, −0.05)**

1.3 (na)$

Diarrhea as factor in multivariate

model

0.56

(0.06, 1.07)

Cough (vs. no cough episode(s) in the

past month)

−0.01

(−0.40, 0.39)

0.9

(0.6, 1.4)

−0.08

(0.47, 0.30)

1.2

(0.7, 1.9)

−0.03

(−0.58, 0.52)

0.9

(0.8, 1.2)

Cough as factor in multivariate model

Fever [vs. no fever episode(s) in the

past month]

0.06

(−0.32, 0.45)

1.2

(0.8, 1.9)

−0.13

(−0.51, 0.24)

1.6

(1.0, 2.6)*

0.13

(−0.41, 0.68)

0.9

(0.7, 1.1)

Fever as factor in multivariate model 1.4

(0.9, 2.3)

First born (vs. later born) 0.17

(−0.20, 0.53)

1.0

(0.6, 1.4)

0.30

(−0.05, 0.64)*

0.9

(0.5, 1.4)

0.62

(0.12, 1.13)**

0.9

(0.7, 1.0)*

First born as factor in multivariate

model

0.21

(−0.13, 0.54)

0.62

(0.12, 1.13)**%
0.8

(0.7, 1.0)**

Low income (vs. >10,000

rupees/month)

−0.11

(−0.52, 0.29)

1.1

(0.7, 1.7)

−0.23

(−0.62, 0.16)

1.1

(0.6, 1.9)

−0.34

(−0.92, 0.23)

1.0

(0.8, 1.2)

Income as factor in multivariate model

Maternal age (y) −0.04

(−0.09, 0.01)*

1.0

(1.0, 1.1)*

0.97

(0.93, 1.01)

1.01

(0.95, 1.08

0.02

(−0.05, 0.10)

1.0

(1.0, 1.0)*

Maternal age as factor in multivariate

model

−0.02

(−0.06, 0.03)

1.0

(0.9, 1.1)

1.0

(1.0, 1.0)**

Maternal height (cm) 0.07

(0.04, 0.10)***

0.9

(0.9, 1.0)**$
0.06

(0.03, 0.09)**

0.9

(0.9, 1.0)**

−0.01

(−0.05, 0.04)

1.0

(1.0, 1.0)

Maternal height as factor in

multivariate model

0.07

(0.04, 0.10)***

0.9

(0.9, 1.0)**$%
0.05

(0.03, 0.08)**

0.9

(0.9, 1.0)**%

Maternal height <150 cm (vs.

≥150 cm)

−0.52

(−0.87, −0.16)**

2.0

(1.3, 3.0)**

−0.44

(−0.79, −0.10)**

1.8

(1.1, 3.0)**

−0.24

(−0.76, 0.27)

1.0

(0.8, 1.2)

Short maternal height as factor in

multivariate model

0.34

(−0.19, 0.88)

1.2

(0.5, 2.7)

0.29

(−0.24, 0.81)

0.8

(0.3, 1.9)

Maternal education ≤8th standard

(vs. >8th)

−0.44

(−0.85, −0.03)**

1.2

(0.8, 1.8)

−0.28

(−0.67, 0.11)*

1.1

(0.7, 1.9)

−0.08

(−0.64, 0.48)

1.0

(0.8, 1.2)

Maternal education as factor in

multivariate model

−0.40

(−0.78, −0.02)**

−0.24

(−0.61, 0.14)

Correlates refer to child unless noted by “maternal”; LAZ, length-for-age Z-score; WAZ, weight-for-age Z-score; WLZ, weight-for-length Z-score; low income defined as <10,000 Indian

Rupees (INR) per month (142% of the poverty line) (28); cough, fever, and diarrhea as reported occurring today or within the past 4 weeks. *P ≤ 0.20; **P < 0.05; ***P < 0.0001;
$Poisson distribution used instead of binomial regression due to non-convergence; %Multivariate model retained only 1 correlate signifcant at p < 0.05.
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TABLE 4 | Correlates of poor growth and anemia among n = 159 female children.

Correlate

(univariate,

multivariate)

Continuous and dichotomous outcomes (Unadjusted univariate and adjusted multivariate analysis)

LAZ β (95% CI) Stunting RR

(95% CI)

WAZ β (95% CI) Underweight

RR (95% CI)

Hemoglobin (g/dL) β

(95% CI)

Anemia RR

(95% CI)

Age (days) −0.00

(−0.00, 0.00)*

1.0

(1.0, 1.0)

−0.00

(−0.00, 0.00)

1.0

(1.0, 1.0)

−0.00

(−0.00, 0.00)

1.0

(1.0, 1.0)

Age as factor in multivariate model −0.00

(−0.00, 0.00)

Low birthweight (vs. birthweight >2.5 kg) −0.85

(−1.25, −0.44)***

2.2

(1.3, 3.8)**

−1.01

(−1.37, −0.65)***

2.6

(1.4, 4.7)**

−0.44

(−1.01, 0.13)*

1.1

(0.8, 1.3)

Low birthweight as factor in multivariate

model

−0.69

(−1.08, −0.31)**

1.7

(0.9, 3.4)

−0.86

(−1.22, −0.51)***

2.2

(1.2, 4.0) **

−0.28

(−0.84, 0.28)

Hemoglobin (g/dL) 0.10

(−0.04, 0.24)*

0.9

(0.7, 1.0)*

0.08

(−0.06, 0.21)

1.0

(0.8, 1.2)

n/a n/a

Hemoglobin as factor in multivariate model 0.01

(−0.12, 0.14)

0.9

(0.7, 1.2)

n/a n/a

Anemia (vs. hemoglobin >11 g/dL) 0.02

(−0.42, 0.46)

1.2

(0.6, 2.4)

−0.02

(−0.43, 0.38)

1.0

(0.5, 2.2)

n/a n/a

Anemia as factor in multivariate model n/a n/a

Diarrhea [vs. no diarrhea episode(s) in the

past month]

0.27

(−0.24, 0.78)

0.8

(0.3, 2.0)

0.07

(−0.41, 0.54)

1.0

(0.4, 2.6)

−0.78

(−1.46, −0.10)**

1.4

(1.2, 1.6)**

Diarrhea as factor in multivariate model −0.70

(−1.35, −0.05)**

1.4

(1.2, 1.6)**%

Cough [vs. no cough episode(s) in the

past month]

−0.26

(−0.64, 0.13)*

2.2

(1.3, 3.8)**

−0.37

(−0.72, −0.02)**

1.7

(0.9, 3.3)*

0.4

Cough as factor in multivariate model −0.37

(−0.73, −0.01)**

2.1

(1.1, 4.0)**

−0.32

(−0.64, −0.01)**

1.7

(1.0, 3.1)

Fever [vs. no fever episode(s) in the past

month]

0.36

(−0.00, 0.72)*

0.7

(0.4, 1.4)

0.17

(−0.17, 0.52)

1.0

(0.5, 2.0)

0.09

(−0.40, 0.58)

0.9

(0.7, 1.2)

Fever as factor in multivariate model 0.53

(0.19, 0.88)**

First born (vs. later born) 0.01

(−0.35, 0.36)

1.3

(0.7, 2.2)

−0.04

(−0.37, 0.28)

1.1

(0.6, 2.0)

0.21

(−0.26, 0.69)

0.8

(0.6, 1.0)*

First born as factor in multivariate model 0.8

(0.5, 1.2)

Low income (vs. >10,000 rupees/month) −0.51

(−0.89, −0.14)**

1.5

(0.9, 2.7)*

−0.30

(−0.66, 0.05)*

1.4

(0.7, 2.6)

−0.37

(−0.87, 0.13)*

1.1

(0.9, 1.3)

Income as factor in multivariate model −0.16

(−0.53, 0.21)

0.9

(0.4, 1.9)

0.08

(−0.26, 0.41)

0.35

(−0.14, 0.85)

Maternal age (y) 0.02

(−0.02, 0.06)***

1.0

(0.9, 1.1)

0.03

(−0.01, 0.06)*

1.00

(0.93, 1.07)

0.07

(0.02, 0.12)**

1.00

(0.97, 1.02)

Maternal age as factor in multivariate

model

0.01

(−0.02, 0.05)

0.02

(0.01, 0.06)

0.06

(0.01, 0.11)**

Maternal height (cm) 0.06

(0.03, 0.08)***

0.9

(0. 9, 1.0)**

0.05

(0.02, 0.07)**

1.0

(0.9, 1.0)**

0.05

(0.01, 0.08)**

1.0

(1.0, 1.00)*

Maternal height as factor in multivariate

model

0.04

(0.01, 0.07)**

0.9

(0.9, 1.0)**

0.03

(0.01, 0.06)**

1.0

(0.9, 1.1)

0.04

(0.01, 0.08)**

1.0

(1.0, 1.0)

Maternal height <150 cm (vs. ≥150 cm) −0.58

(−0.92, −0.24)**

2.4

(1.4, 4.2)**

−0.52

(−0.84, −0.21)**

2.3

(1.2, 4.3)**

−0.30

(−0.76, 0.16)*

1.1

(0.9, 1.4)

Short maternal height as factor in

multivariate model

0.9

(0.6, 1.6)

1.3

(0.4, 3.9)

0.9

(0.5, 1.4)

1.9

(1.0, 3.7)**

0.42

(−0.27, 1.11)

Maternal education ≤8th standard (vs.

>8th)

−0.54

(−0.91, −0.16)**

1.7

(1.0, 2.9)*

−0.49

(−0.83, −0.14)**

2.3

(1.3, 4.2)**

−0.10

(−0.61, 0.41)

1.0

(0.8, 1.2)

Maternal education as factor in

multivariate model

−0.41

(−0.75, −0.06)**

1.5

(0.7, 2.8)

−0.35

(−0.00, −0.05)**

1.5

(0.8, 2.9)

Correlates refer to child unless noted by “maternal”; LAZ, length-for-age Z-score; WAZ, weight-for-age Z-score; WLZ, weight-for-length Z-score; Low income defined as <10,000 Indian

Rupees (INR) per month (142% of the poverty line) (28); cough, fever, and diarrhea as reported occurring today or within the past 4 weeks. *P ≤ 0.20; **P < 0.05; ***P < 0.0001;
%Multivariate model retained only 1 correlate signifcant at p < 0.05.
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study. Further exploration of the association between maternal
stature and child’s hemoglobin concentration is warranted (82).
Inclusion of maternal education and/or literacy level represented
the most-reported risk factor, being included in 12 out of 38
studies reviewed (8). Generally, higher maternal education was
associated with lower risk of undernutrition, globally (8) and
within Indian urban slums among infants under 5 (40, 44, 45).
Some studies not included in the review and more recent studies
among children under 5 years of age living in urban slums
(71, 74–76, 88) also showed a significant association between
maternal education and poor growth. None of these later studies
analyzed the association between years of maternal education
attained and undernutrition using multivariate modeling among
young children in urban slums of India.

Family correlates such as household income and birth order
were analyzed in association with undernutrition. Household
income was not a significant correlate for undernutrition in
multivariate analyses; this may have been due to the lower-
resolution nature of this data, as the lowest income group (0–
10,000 rupees per month) data available was equivalent to 142%
of the urban India poverty line (28) and may have masked
an association between an income lower than 10,000 rupees
and undernutrition. However, previous studies reported low
household income as a significant risk factor for undernutrition,
and this is reflected globally as well as in India-specific contexts,
as detailed in the review (8). Birth order was our variable for
approximating family size. Our finding that males benefitting
from firstborn status (unlike females) is in line with findings
from the review (8), which included either family size or birth
order, and showed that larger family size was a predictor of
undernutrition (44, 76). None of these studies assessed family
size as a correlate for anemia. The association between smaller
family size, earlier birth order/fewer siblings and better nutrition
status has been supported in other studies of urban India as well
(47, 72, 74), which may be explained by the fact that the firstborn
child of either gender may be cared for more, and that second
(and later) born children suffer discrimination when there is
either already a son in the family or if the family does not produce
a son (74).

LIMITATIONS

Some limitations of this study may include the measurement
of our correlates, potential risk of sampling bias, and
generalizability. For example, the correlate monthly family
income was collected categorically and not continuously, leading
to lower resolution of the lowest income bracket of <10,000
rupees, which most families reported; it would be interesting
to analyze the per-capita monthly income to understand this
correlate more fully. Further, we were able to collect only binary
data on morbidity; data on the number of episodes of an illness
would have added greater understanding to our study. The
narrow age range studied limits the inferences we can make
about the contribution of age to undernutrition. We were not
able to collect ethnicity data from the majority of participants,
limiting our ability to determine possible variation by village

or region of origin. Additionally, a recent review showed that
measuring the prevalence of stunting may not be the best
indicator of child linear growth, as the definition of stunting is
not biologically-based and may underestimate the prevalence
of linear growth impairment (89). Because only participants
who could come to the study center for profiling could be
included in this analysis, there is a risk for sampling bias. We
note that external generalizability to children living in urban
slums outside of India is limited, however, given that this analysis
included children from 20 different urban slum areas, of varying
socioeconomic status, we believe that the findings of this study
may be generalizable to urban slums within India, particularly
for children in their 2nd year of life.

CONCLUSIONS

This is the first study to investigate both the prevalence of
poor growth and anemia as well as the impact of commonly-
reported correlates on the likelihood of undernutrition among
young children living in Mumbai urban slums. Consistent
correlates for poor growth and anemia included low maternal
height, low birthweight, being male, being firstborn, and
report of illness in this study. Child undernutrition remains
a persistent issue around the world yet remains understudied
particularly in vulnerable settings such as urban slums, which
have a high prevalence of undernutrition as shown by this
study. The data presented here suggests that the effectiveness
as well as reach of nutritional supplement programs such
as Integrated Child Development Services may need to be
reexamined particularly in urban slums among children in
their second year of life. Other correlates of undernutrition
in children suggested by other studies, such as circulating
metabolites (90, 91) the gut microbiome (92–94), blood
micronutrient concentrations (95), and immune function (96)
require further exploration.

ETHICS STATEMENT

The protocol was reviewed and approved by the Inter Systems
Biomedical Ethical Committee (ISBEC, Mumbai, Maharashtra,
India), St. John’s Research Institute (SJRI) Institutional Ethics
Committee (IEC), and the Institutional Review Board (IRB) at
Cornell University. In addition, permissions to conduct the study
were obtained from the Health Ministry Screening Committee of
India (Indian Council of Medical Research). Informed consent
was obtained from all caregivers in an audio/visual format per
Indian Government guidelines prior to screening and enrollment
in the parent trial.

AUTHOR CONTRIBUTIONS

SM, JH, JF, SU, PG, RP, and AK designed research (project
conception, development of overall research plan, and study
oversight). SH, SV, HC, AT, and VT conducted research

Frontiers in Public Health | www.frontiersin.org 10 July 2019 | Volume 7 | Article 191

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Huey et al. Undernutrition in Children in Mumbai Urban Slums

(hands-on conduct of the experiments and data collection). SH
and SM performed statistical analysis. SH wrote the first draft of
the manuscript. SM had primary responsibility for final content.

FUNDING

Sources of financial support: HarvestPlus, grant number
2014H8302 awarded to Cornell University. HarvestPlus was not
involved with the design and conduct of the study. HarvestPlus,
grant number 2014H8302 awarded to Cornell University.
HarvestPlus was not involved with the design and conduct of the
study. The publication costs of this manuscript were supported
by the Bill and Melinda Gates Foundation through their open
access fund.

ACKNOWLEDGMENTS

We wish to thank all mothers and children for participating
in this study. We wish to acknowledge and thank our study
coordinator interns: Laura Powis, Yadurshini Raveendran;

local community health workers and project clerks: Ashwini
Pendurkar, Nazma Sheikh, Qamrunisa Shah, Yasmin Shaikh,
Tasleem Shaikh, Sheetal Surve, Bharti Kumbhar, Regina
Fernandes, Steffie Fernandes, Suvarna Santosh Parab, Trupti
Mohite, Deepa Tandel, Neelam Jadhav, Bashirunnisa Shaikh,
Afroz Faroqie, Kiran Mestry, Shanta Pundalik Hiddujikar,
Mayuri Ghag, Neelam Jalankar, Subhada Hardas, Prachi
Mathkar, Yojina Dhanawade, Mangal Khade, Suvarna Ganekar,
Sangeetha Ghadi, Ankita Devlekar, Bhagyasri Babrekar, Aditi
Tamble, Lakshmi Martal, Aswhini Warang, Satyabhama
Matondkar,Aswini Warang, Dipika Dipak Maingade, Varsha
Ambre, Namrata Narkar, Suneetha Kadam, Jyothi Lokhande,
Ankita Pendurkar, Shivani Jaiswal, Shraddha Tivrekar, Ragini
Arde, Seetamaya Saw; research assistants: Shobaha R. Iyer,
Janhavi Sonawane, Tejashree Thorat, Pratiksha Bagal, Pranali
Pangerkar, Swati J. Kathar, Priyanka Kadam, Rinki Saw, Chinki
Saw, Lalita Saw, Samrutthi Surve, Sona Majethiya, Sonu Mishra,
Bansari Rao, Anupriya Pawar, Namrata Shinde, Monthie
Fernandes, Ashwini Silvi; and physicians involved with the
parent trial: Dr. Sirazul Ameen Sahariah and Dr. Sanjay Ojha.

REFERENCES

1. WHO. The Global Prevalence of Anaemia in 2011. Geneva: World Health

Organization (2015).

2. WHO. Global Nutrition Targets 2025 Policy Brief Series (2015).

3. WHO. WHA Global Nutrition Targets 2025 Stunting Policy Brief. World

Health Organization (2015).

4. UN-HABITAT. The Challenge of Slums, Global Report on Human Settlements.

London and Sterling, VA: Earthscan Publications Ltd (2003).

5. Nolan LB. Slum definitions in Urban India: implications for the

measurement of health inequalities. Popul Dev Rev. (2015) 41:59–84.

doi: 10.1111/j.1728-4457.2015.00026.x

6. Chandramouli C. Housing Stock, Amenities & Assetts in Slums - GOI Census

2011 (Presentation). Affairs MoH, editor. Census of India (2011).

7. Nations U. The Millennium Development Goals Report 2015. New York, NY:

United Nations (2015).

8. Goudet S, Griffiths P, Bogin B, Madise N. Interventions to tackle malnutrition

and its risk factors in children living in slums: a scoping review. Ann Hum

Biol. (2017) 44:1–10. doi: 10.1080/03014460.2016.1205660

9. Ghosh S, Shah D. Nutritional problems in urban slum children. Indian

Pediatr. (2004) 41:682–96. Available online at: https://indianpediatrics.net/

july2004/july-682-696.htm

10. Ernst KC, Phillips BS, Duncan BD. Slums are not places for children to

live: vulnerabilities, health outcomes, and possible interventions. Adv Pediatr.

(2013) 60:53–87. doi: 10.1016/j.yapd.2013.04.005

11. Rode S. Economic growth and increasing trends of child malnutrition in

Mumbai City. J Econ Int Finance. (2011) 3:713–26. doi: 10.5897/JEIF11.115

12. Unger A. Children’s health in slum settings. Arch Dis Child. (2013) 98:799–

805. doi: 10.1136/archdischild-2011-301621

13. Goudet S, Griffiths P, Bogin B, Madise N. Nutritional interventions

for preventing stunting in children(0 to 5 years) living in urban

slums (Protocol). Cochrane Database Syst Rev. (2015) 2015:CD011695.

doi: 10.1002/14651858.CD011695

14. Klein SL, Marriott I, Fish EN. Sex-based differences in immune function

and responses to vaccination. Trans R Soc Trop Med Hyg. (2015) 109:9–15.

doi: 10.1093/trstmh/tru167

15. Prinja S, Verma R, Lal S. Role of ICDS program in delivery of nutritional

services and functional integration between anganwadi and health worker in

north India. Intern Sci Publ. (2013) 5:1–6. Available online at: http://ispub.

com/IJNW/5/2/4072

16. Huey SL, Finkelstein JL, Venkatramanan S, Udipi S, Ghugre P, Thakker V, et al.

Undernutrition in young children living in urban slums of Mumbai, India:

prevalence and correlates (P13-063) (Poster). Curr Dev Nutr. (2018) 2:47–8.

doi: 10.1093/cdn/nzy040

17. Finkelstein JL, Mehta S, Udipi SA, Ghugre PS, Luna SV, Wenger MJ, et al. A

randomized trial of iron-biofortified pearl millet in school children in India. J

Nutr. (2015) 145:1576–81. doi: 10.3945/jn.114.208009

18. Huey SL, Venkatramanan S, Udipi SA, Finkelstein JL, Ghugre P, Haas JD,

et al. Corrigendum: acceptability of iron- and zinc-biofortified pearl millet

(ICTP-8203)-based complementary foods among children in an Urban Slum

of Mumbai, India. J. Nutr. (2018) 5, 1–2. doi: 10.3389/fnut.2018.00092

19. Mehta S, Finkelstein JL, Venkatramanan S, Huey SL, Udipi SA, Ghugre P,

et al. Effect of iron and zinc-biofortified pearl millet consumption on growth

and immune competence in children aged 12-18 months in India: study

protocol for a randomised controlled trial. BMJ Open. (2017) 7:e017631.

doi: 10.1136/bmjopen-2017-017631

20. Research ICoM. Ethical Guidelines for Biomedical Research on Human

Participants (2006).

21. World Health Organization. Guideline: Preventive Chemotherapy to Control

Soil-Transmitted Helminthiasis Averted More Than 500,000 DALYs in 2015.

Geneva: World Health Organization (2017).

22. Gibson RS. Nutritional Assessment: A Laboratory Manual. New York, NY:

Oxford University Press (1993).

23. Finkelstein JL, Mehta S, Duggan C, Manji KP, Mugusi FM, Aboud S, et al.

Maternal vitamin D status and child morbidity, anemia, and growth in human

immunodeficiency virus-exposed children in Tanzania. Pediatr Infect Dis J.

(2012) 31:171–5. doi: 10.1097/INF.0b013e318245636b

24. Edmond K, Bahl R. Optimal Feeding of Low-Birth-Weight Infants: Technical

Review. World Health Organization (2006).

25. World Health Organization. International Statistical Classification of Diseases

and Related Health Problems. Geneva: World Health Organization (2002).

26. Siddiqui T. Problems of drop-out students in Indian Slum. Inst Educ Res

J. (2017) 3:139–44. Available online at: http://ierj.in/journal/index.php/ierj/

article/view/883/847

27. Wachter K, Rosenberg J, Singal R, Weintraub R. Reducing Child Malnutrition

in Maharashtra, India. Harvard T.H. Chan School of Public Health; Harvard

Kennedy School; Children’s Investment Fund Foundation (UK); Brigham and

Women’s Hosptial (2015).

28. Commission GoIP. Report of the Expert Group to Review the Methodology for

Measurement of Poverty (2014).

Frontiers in Public Health | www.frontiersin.org 11 July 2019 | Volume 7 | Article 191

https://doi.org/10.1111/j.1728-4457.2015.00026.x
https://doi.org/10.1080/03014460.2016.1205660
https://indianpediatrics.net/july2004/july-682-696.htm
https://indianpediatrics.net/july2004/july-682-696.htm
https://doi.org/10.1016/j.yapd.2013.04.005
https://doi.org/10.5897/JEIF11.115
https://doi.org/10.1136/archdischild-2011-301621
https://doi.org/10.1002/14651858.CD011695
https://doi.org/10.1093/trstmh/tru167
http://ispub.com/IJNW/5/2/4072
http://ispub.com/IJNW/5/2/4072
https://doi.org/10.1093/cdn/nzy040
https://doi.org/10.3945/jn.114.208009
https://doi.org/10.3389/fnut.2018.00092
https://doi.org/10.1136/bmjopen-2017-017631
https://doi.org/10.1097/INF.0b013e318245636b
http://ierj.in/journal/index.php/ierj/article/view/883/847
http://ierj.in/journal/index.php/ierj/article/view/883/847
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Huey et al. Undernutrition in Children in Mumbai Urban Slums

29. WHO/NMH/NHD/11.1. Haemoglobin Concentrations for the Diagnosis of

Anaemia and Assessment of Severity (2011).

30. Dallman PRL, Ann C, Johnson CL, Margaret C. Influence of age on laboratory

criteria for the diagnosis of iron deficiency anemia and iron deficiency in

infants and children. In: Hallberg L, Asp NG, editors. Iron Nutrition in Health

and Disease. London: John Libby & Co. (1996) 65–74.

31. University WUUN. Iron Deficiency Anaemia: Assessment, Prevention, and

Control. A Guide for Program Managers. WHO/NHD/01 (2001).

32. de Onis M, Onyango A, Borghi E, Siyam A, Blossner M, Lutter C, et al.

Worldwide implementation of the WHO Child Growth Standards. Public

Health Nutr. (2012) 15:1603–10. doi: 10.1017/S136898001200105X

33. Zou G. A modified poisson regression approach to prospective studies with

binary data. Am J Epidemiol. (2004) 159:702–6. doi: 10.1093/aje/kwh090

34. Greenland S. Modeling and variable selection in epidemiologic analysis. Am J

Publ Health. (1989) 79:340–9. doi: 10.2105/AJPH.79.3.340

35. District Fact Sheet Mumbai Maharashtra. Government of India Ministry

of Health and Family Welfare International Institute for Population

Sciences (2015-16).

36. Usmani G, Ahmad N. Health status in India: a study of urban slum

and non-slum population. J Nurs Res Pract. (2018) 2:9–14. Available

online at: https://www.pulsus.com/scholarly-articles/health-status-in-india-

a-study-of-urban-slum-and-nonslum-population.pdf

37. Ahsan KZ, Arifeen SE, Al-Mamun MA, Khan SH, Chakraborty N. Effects

of individual, household and community characteristics on child nutritional

status in the slums of urban Bangladesh. Arch Public Health. (2017) 75:9.

doi: 10.1186/s13690-017-0176-x

38. IslamMM, Sanin KI, MahfuzM, Ahmed AMS,Mondal D, Haque R, et al. Risk

factors of stunting among children living in an urban slum of Bangladesh:

findings of a prospective cohort study. BMC Public Health. (2018) 18:197.

doi: 10.1186/s12889-018-5101-x

39. Ahmad S, Talat P. Cross Section Study of Malnutrition in children of 1-10

years Age Group in Urban Slums of Aligarh. Glob. J. Med. Res. (2013) 13, 13–

17. Available online at: https://globaljournals.org/GJMR_Volume13/7-Cross-

Section-Study-of-Malnutrition.pdf

40. Damor RD, Pithadia PR, Lodhiya KK, Mehta JP, Yadav SB. A study on

assessment of nutritional and immunization status of under-five children in

urban slums of Jamnagar city, Gujarat.Healthl J Indian Assoc Prevent SocMed.

(2013) 4:35–9. Available online at: http://www.healthlinejournal.org/index_

pdf/128.pdf

41. Bhalani KD, Kotecha PV. Nutritional status and gender differences in the

children of less than 5 years of age attending Icds anganwadis in Vadodara

City. Indian J Commun. (2002) 27.

42. Bhat IA, Amin S, Shah GN. Impact of sociomedical factors on pre-

school malnutrition – an appraisal in an urban setting. Indian J Matern Child

Health. (1997) 8:5–8.

43. Ray SK, Roy P, Deysarkari S, Lahiri A, Mukhopadhaya BB. A cross sectional

study of undernutrition in 0-5 yrs. age group in an urban community. Indian

J Matern Child Health. (1990) 1:61–2.

44. Shit S, Taraphdar P, Mukhopadhyay D, Sinhababu A, Biswas A. Assessment

of nutritional status by composite index for anthropometric failure: a study

among slum children in Bankura, West Bengal. Indian J Publ Health. (2012)

56:305. doi: 10.4103/0019-557X.106421

45. Mittal A, Singh J, Ahluwalia SK. Effect of maternal factors on nutritional status

of 1-5-year-old children in urban slum population. Indian J Commun Med.

(2007) 32:264. doi: 10.4103/0970-0218.37691

46. Bandyopadhyay S, Das S, Mondal S. Assessment of undernutrition among

the under-5 children in a slum of Kolkata: a comparison between z scores

and the conventional system. Infant Child Adolesc Nutr. (2014) 6:52–7.

doi: 10.1177/1941406413513154

47. Sengupta P, Philip N, Benjamin AI. Epidemiological correlates of under-

nutrition in under-5 years children in an urban slum of Ludhiana. Health

Popul. Perspect Issues. (2010) 33:1–9. Available online at: https://www.

cabdirect.org/cabdirect/abstract/20113197256

48. Bork KA, Diallo A. Boys Are more stunted than girls from early

infancy to 3 years of age in rural Senegal. J Nutr. (2017) 147:940–7.

doi: 10.3945/jn.116.243246

49. Wamani H, Astrom AN, Peterson S, Tumwine JK, Tylleskar T. Boys are more

stunted than girls in sub-Saharan Africa: a meta-analysis of 16 demographic

and health surveys. BMC Pediatr. (2007) 7:17. doi: 10.1186/1471-2

431-7-17

50. Aaby P, Jensen H, Walraven G. Age-specific changes in the female-

male mortality ratio related to the pattern of vaccinations: an

observational study from rural Gambia. Vaccine. (2006) 24:4701–8.

doi: 10.1016/j.vaccine.2006.03.038

51. Mehta S, Mugusi FM, Bosch RJ, Chatterjee A, Finkelstein JL, Fataki M,

et al. Author’s response to reviews Title: a randomized trial of multivitamin

supplementation in children with tuberculosis in Tanzania, version 2. Nutr J.

(2011). 10:120. doi: 10.1186/1475-2891-10-120

52. Christian P, Lee SE, Donahue Angel M, Adair LS, Arifeen SE, Ashorn P,

et al. Risk of childhood undernutrition related to small-for-gestational age and

preterm birth in low- and middle-income countries. Int J Epidemiol. (2013)

42:1340–55. doi: 10.1093/ije/dyt109

53. Sinha B, Taneja S, Chowdhury R, Mazumder S, Rongsen-Chandola T,

Upadhyay RP, et al. Low-birthweight infants born to short-stature mothers

are at additional risk of stunting and poor growth velocity: evidence

from secondary data analyses. Matern Child Nutr. (2018) 14:1–9.

doi: 10.1111/mcn.12504

54. Vir SC. Improving women’s nutrition imperative for rapid reduction of

childhood stunting in South Asia: coupling of nutrition specific interventions

with nutrition sensitive measures essential. Matern Child Nutr. (2016)

12(Suppl. 1):72–90. doi: 10.1111/mcn.12255

55. Aguayo VM, Nair R, Badgaiyan N, Krishna V. Determinants of stunting and

poor linear growth in children under 2 years of age in India: an in-depth

analysis of Maharashtra’s comprehensive nutrition survey.Matern Child Nutr.

(2016) 12(Suppl. 1):121–40. doi: 10.1111/mcn.12259

56. Adair LS, Guilkey DK. Age-specific determinants of stunting in Filipino

children. J Nutr. (1997) 127:314–20. doi: 10.1093/jn/127.2.314

57. Rehman AM, Gladstone BP, Verghese VP, Muliyil J, Jaffar S, Kang G. Chronic

growth faltering amongst a birth cohort of Indian children begins prior to

weaning and is highly prevalent at three years of age. Nutr J. (2009) 8:44.

doi: 10.1186/1475-2891-8-44

58. Slemming W, Kagura J, Saloojee H, Richter LM. Early life risk exposure and

stunting in urban South African 2-year old children. J Dev Orig Health Dis.

(2017) 8:301–10. doi: 10.1017/S2040174417000034

59. ReuringsM, Vossenaar M, Doak CM, Solomons NW. Stunting rates in infants

and toddlers born in metropolitan Quetzaltenango, Guatemala. Nutrition.

(2013) 29:655–60. doi: 10.1016/j.nut.2012.12.012

60. Vitolo MR, Gama CM, Bortolini GA, Campagnolo PD, Drachler Mde L.

Some risk factors associated with overweight, stunting and wasting among

children under 5 years old. J Pediatr (Rio J). (2008) 84:251–7. doi: 10.2223/JP

ED.1776

61. Martorell R, Young MF. Patterns of stunting and wasting: potential

explanatory factors. Adv Nutr. (2012) 3:227–33. doi: 10.3945/an.111.001107

62. Richard SA, Black RE, Checkley W. Revisiting the relationship of

weight and height in early childhood. Adv Nutr. (2012) 3:250–4.

doi: 10.3945/an.111.001099

63. Dewey KG, Begum K. Long-term consequences of stunting

in early life. Matern Child Nutr. (2011) 7(Suppl. 3):5–18.

doi: 10.1111/j.1740-8709.2011.00349.x

64. Ramakrishnan U, Martorell R, Schroeder DG, Flores R. Role of

intergenerational effects on linear growth. J Nutr. (1999) 129(2S

Suppl.):544S−9S. doi: 10.1093/jn/129.2.544S

65. da Silva Lopes K, Ota E, Shakya P, Dagvadorj A, Balogun OO, Pena-Rosas

JP, et al. Effects of nutrition interventions during pregnancy on low birth

weight: an overview of systematic reviews. BMJGlobHealth. (2017) 2:e000389.

doi: 10.1136/bmjgh-2017-000389

66. Gomez F, Galvan RR, Cravioto J, Frenk S. Malnutrition in infancy

and childhood, with special reference to kwashiorkor. Adv Pediatr.

(1955) 7:131–69.

67. Rao KV, Singh D. An evaluation of the relationship between nutritional

status and anthropometric measurements. Am J Clin Nutr. (1970) 23:83–93.

doi: 10.1093/ajcn/23.1.83

68. Khadilkar VV, Khadilkar AV. Revised Indian Academy of Pediatrics

2015 growth charts for height, weight and body mass index for 5-18-

year-old Indian children. Indian J Endocrinol Metab. (2015) 19:470–6.

doi: 10.4103/2230-8210.159028

Frontiers in Public Health | www.frontiersin.org 12 July 2019 | Volume 7 | Article 191

https://doi.org/10.1017/S136898001200105X
https://doi.org/10.1093/aje/kwh090
https://doi.org/10.2105/AJPH.79.3.340
https://www.pulsus.com/scholarly-articles/health-status-in-india-a-study-of-urban-slum-and-nonslum-population.pdf
https://www.pulsus.com/scholarly-articles/health-status-in-india-a-study-of-urban-slum-and-nonslum-population.pdf
https://doi.org/10.1186/s13690-017-0176-x
https://doi.org/10.1186/s12889-018-5101-x
https://globaljournals.org/GJMR_Volume13/7-Cross-Section-Study-of-Malnutrition.pdf
https://globaljournals.org/GJMR_Volume13/7-Cross-Section-Study-of-Malnutrition.pdf
http://www.healthlinejournal.org/index_pdf/128.pdf
http://www.healthlinejournal.org/index_pdf/128.pdf
https://doi.org/10.4103/0019-557X.106421
https://doi.org/10.4103/0970-0218.37691
https://doi.org/10.1177/1941406413513154
https://www.cabdirect.org/cabdirect/abstract/20113197256
https://www.cabdirect.org/cabdirect/abstract/20113197256
https://doi.org/10.3945/jn.116.243246
https://doi.org/10.1186/1471-2431-7-17
https://doi.org/10.1016/j.vaccine.2006.03.038
https://doi.org/10.1186/1475-2891-10-120
https://doi.org/10.1093/ije/dyt109
https://doi.org/10.1111/mcn.12504
https://doi.org/10.1111/mcn.12255
https://doi.org/10.1111/mcn.12259
https://doi.org/10.1093/jn/127.2.314
https://doi.org/10.1186/1475-2891-8-44
https://doi.org/10.1017/S2040174417000034
https://doi.org/10.1016/j.nut.2012.12.012
https://doi.org/10.2223/JPED.1776
https://doi.org/10.3945/an.111.001107
https://doi.org/10.3945/an.111.001099
https://doi.org/10.1111/j.1740-8709.2011.00349.x
https://doi.org/10.1093/jn/129.2.544S
https://doi.org/10.1136/bmjgh-2017-000389
https://doi.org/10.1093/ajcn/23.1.83
https://doi.org/10.4103/2230-8210.159028
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Huey et al. Undernutrition in Children in Mumbai Urban Slums

69. Nagar V, Tiwari S, Shinde M, Abhishek S. Assessment of malnutrition and

associated risk factors among 1-5 years children in urban slums of central

India. Glob J Res Anal. (2017) 6:42–4. Available online at: https://www.

researchgate.net/publication/327069126

70. Rajesh KR, Baliga SS. Assessment of nutritional status of under five children

in Ashok Nagar, Belgaum - A community based cross sectional study. Int J

Curr Res Rev. (2013) 5:121–5. Available online at: http://www.scopemed.org/?

mno=47571

71. Gautam SK, Verma M, Barman SK, Arya AK. Nutritional status and its

corelates in under five slum children of Kanpur Nagar, India. Int J Contemp

Pediatr. (2018) 5:584–90. doi: 10.18203/2349-3291.ijcp20180560

72. Dwivedi SN, Banerjee N, Yadav OP. Malnutrition among children in an urban

Indian slum and its associations. Indian journal of maternal and child health :

official publication of Indian Matern Child Health Assoc. (1992) 3:79–81.

73. Dhok RS, Thakre SB. Chronic undernutrition amongst under-five in an urban

slum of Central India. Int J Commun Med Public Health. (2016) 3:700–4.

doi: 10.18203/2394-6040.ijcmph20160636

74. Patel KA, Langare SD, Naik JD, Rajderkar SS. Gender inequality and bio-social

factors in nutritional status among under five children attending anganwadis

in an urban slum of a town in Western Maharashtra, India. J Res Med Sci.

(2013) 18:341–5.

75. Sahoo SK, Katam KK, Das V, Agarwal A, Bhatia V. Maternal vitamin

D supplementation in pregnancy and offspring outcomes: a double-blind

randomized placebo-controlled trial. J Bone Miner Metab. (2017) 35:1–8.

doi: 10.1007/s00774-016-0777-4

76. Kanani S, Popat K. Growing normally in an urban environment: positive

deviance among slum children of Vadodara, India. Indian J Pediatr. (2012)

79:606–11. doi: 10.1007/s12098-011-0612-9

77. Yellanthoor RB, Shah VKB. Prevalence of malnutrition among under-five

year old children with acute lower respiratory tract infection hospitalized

at Udupi District Hospital. Arch Pediatr Infect Dis. (2013) 2:203–6.

doi: 10.5812/pedinfect.14373

78. Christian P. Maternal height and risk of child mortality and undernutrition.

JAMA. (2010) 303:1539–40. doi: 10.1001/jama.2010.469

79. Kim R, Mejia-Guevara I, Corsi DJ, Aguayo VM, Subramanian SV.

Relative importance of 13 correlates of child stunting in South

Asia: insights from nationally representative data from Afghanistan,

Bangladesh, India, Nepal, and Pakistan. Soc Sci Med. (2017) 187:144–54.

doi: 10.1016/j.socscimed.2017.06.017

80. Prentice AM, Ward KA, Goldberg GR, Jarjou LM, Moore SE, Fulford AJ,

et al. Critical windows for nutritional interventions against stunting.Am J Clin

Nutr. (2013) 97:911–8. doi: 10.3945/ajcn.112.052332

81. Black RE, Allen LH, Bhutta ZA, Caulfield LE, de Onis M, Ezzati

M, et al. Maternal and child undernutrition: global and regional

exposures and health consequences. Lancet. (2008) 371:243–60.

doi: 10.1016/S0140-6736(07)61690-0

82. Subramanian SV, Ackerson LK, Davey Smith G, John NA. Association of

maternal height with child mortality, anthropometric failure, and anemia in

India. JAMA. (2009) 301:1691–701. doi: 10.1001/jama.2009.548

83. Addo OY, Stein AD, Fall CH, Gigante DP, Guntupalli AM, Horta BL, et al.

Maternal height and child growth patterns. J Pediatr. (2013) 163:549–54.

doi: 10.1016/j.jpeds.2013.02.002

84. Abizari AR, Azupogo F, Nagasu M, Creemers N, Brouwer ID. Seasonality

affects dietary diversity of school-age children in northern Ghana. PLoS ONE.

(2017) 12:e0183206. doi: 10.1371/journal.pone.0183206

85. Ali Z, Saaka M, Adams A-G, Kamwininaang SK, Abizari A-R. The effect

of maternal and child factors on stunting, wasting and underweight

among preschool children in Northern Ghana. BMC Nutr. (2017) 3:31.

doi: 10.1186/s40795-017-0154-2

86. Hautvast JL, Tolboom JJ, Kafwembe EM, Musonda RM, Mwanakasale V,

van Staveren WA, et al. Severe linear growth retardation in rural Zambian

children: the influence of biological variables.Am J Clin Nutr. (2000) 71:550–9.

doi: 10.1093/ajcn/71.2.550

87. Bosch AM, Baqui AH, van Ginneken JK. Early-life determinants of stunted

adolescent girls and boys in Matlab, Bangladesh. J Health Popul Nutr.

(2008) 26:189–99.

88. Das S, Bapat U, More NS, Alcock G, Fernandez A, Osrin D. Nutritional status

of young children in Mumbai slums: a follow-up anthropometric study. Nutr

J. (2012) 11:100. doi: 10.1186/1475-2891-11-100

89. Perumal N, Bassani DG, Roth DE. Use and misuse of stunting as a measure of

child health. J Nutr. (2018) 148:311–5. doi: 10.1093/jn/nxx064

90. Semba RD, Shardell M, Sakr Ashour FA, Moaddel R, Trehan I, Maleta

KM, et al. Child stunting is associated with low circulating essential

amino acids. EBioMedicine. (2016) 6:246–52. doi: 10.1016/j.ebiom.2016.

02.030

91. Semba RD, Trehan I, Li X, SalemN, Jr., Moaddel R, OrdizMI, et al. Low serum

omega-3 and omega-6 polyunsaturated fatty acids and other metabolites are

associated with poor linear growth in young children from rural Malawi. Am

J Clin Nutr. (2017) 106:1490–9. doi: 10.3945/ajcn.117.164384

92. Gordon JI, Dewey KG, Mills DA, Medzhitov RM. The human gut

microbiota and undernutrition. Sci Transl Med. (2012) 4:137ps12.

doi: 10.1126/scitranslmed.3004347

93. Subramanian S, Huq S, Yatsunenko T, Haque R, Mahfuz M, Alam MA, et al.

Persistent gut microbiota immaturity in malnourished Bangladeshi children.

Nature. (2014) 510:417–21. doi: 10.1038/nature13421

94. Reyes A, Blanton LV, Cao S, Zhao G, Manary M, Trehan I, et al. Gut

DNA viromes of Malawian twins discordant for severe acute malnutrition.

Proc Natl Acad Sci USA. (2015) 112:11941–6. doi: 10.1073/pnas.15142

85112

95. Mokhtar RR, Holick MF, Sempertegui F, Griffiths JK, Estrella B, Moore LL,

et al. Vitamin D status is associated with underweight and stunting in children

aged 6-36 months residing in the Ecuadorian Andes. Public Health Nutr.

(2018) 21:1974–85. doi: 10.1017/S1368980017002816

96. Rytter MJ, Kolte L, Briend A, Friis H, Christensen VB. The immune system in

children with malnutrition–a systematic review. PLoS ONE. (2014) 9:e105017.

doi: 10.1371/journal.pone.0105017

Conflict of Interest Statement: SM is an unpaid board member for and has an

equity stake in a diagnostic start up focused on developing point-of-care assays

for nutritional status informed by his research as a faculty member at Cornell

University.

The remaining authors declare that the research was conducted in the absence of

any commercial or financial relationships that could be construed as a potential

conflict of interest.

Copyright © 2019 Huey, Finkelstein, Venkatramanan, Udipi, Ghugre, Thakker,

Thorat, Potdar, Chopra, Kurpad, Haas and Mehta. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Public Health | www.frontiersin.org 13 July 2019 | Volume 7 | Article 191

https://www.researchgate.net/publication/327069126
https://www.researchgate.net/publication/327069126
http://www.scopemed.org/?mno=47571
http://www.scopemed.org/?mno=47571
https://doi.org/10.18203/2349-3291.ijcp20180560
https://doi.org/10.18203/2394-6040.ijcmph20160636
https://doi.org/10.1007/s00774-016-0777-4
https://doi.org/10.1007/s12098-011-0612-9
https://doi.org/10.5812/pedinfect.14373
https://doi.org/10.1001/jama.2010.469
https://doi.org/10.1016/j.socscimed.2017.06.017
https://doi.org/10.3945/ajcn.112.052332
https://doi.org/10.1016/S0140-6736(07)61690-0
https://doi.org/10.1001/jama.2009.548
https://doi.org/10.1016/j.jpeds.2013.02.002
https://doi.org/10.1371/journal.pone.0183206
https://doi.org/10.1186/s40795-017-0154-2
https://doi.org/10.1093/ajcn/71.2.550
https://doi.org/10.1186/1475-2891-11-100
https://doi.org/10.1093/jn/nxx064
https://doi.org/10.1016/j.ebiom.2016.02.030
https://doi.org/10.3945/ajcn.117.164384
https://doi.org/10.1126/scitranslmed.3004347
https://doi.org/10.1038/nature13421
https://doi.org/10.1073/pnas.1514285112
https://doi.org/10.1017/S1368980017002816
https://doi.org/10.1371/journal.pone.0105017
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

	Prevalence and Correlates of Undernutrition in Young Children Living in Urban Slums of Mumbai, India: A Cross Sectional Study
	Introduction
	Materials and Methods
	Study Population, Setting, and Design
	Sample Size
	Assessment of Correlates
	Anthropometry
	Demographic and Health History
	Biological Samples
	Assessment of Outcome and Outcome Definitions
	Statistical Analysis

	Results
	Characteristics of Study Participants
	Correlates of Poor Growth and Anemia

	Discussion
	Limitations
	Conclusions
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


