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Introduction. Undernutrition continues to be a major public health problem throughout the developing world, particularly in sub-
Saharan Africa and Asia including India. Limited studies suggest associations between maternal body mass index (BMI) and
child nutritional status. The present study aims to determine the relationship between maternal BMI and children nutritional
status. Methods. The study was conducted among 246 mothers who had given birth to single children (𝑛 = 246) and belonged
to the Proto-Australoid population of North Bengal, India. The anthropometric measurements of height and weight were recorded
following standard procedures. Overall body composition was evaluated using BMI. Result. The results showed that overall mean
BMI among mothers was 20.63 ± 2.53 kg/m2, while those among boys and girls were 15.19 ± 1.62 kg/m2 and 14.86 ± 1.37 kg/m2
(𝑝 < 0.001), respectively. The BMI of mothers were significantly and highly correlated with HAZ (0.709) and BMIZ (0.748)
(𝑝 < 0.001) of children.These are indicative of a strong genetic component betweenmaternal and child anthropometry.Conclusion.
The results indicate significant associations between mothers’ and children’s nutritional status. Assessments of body composition
and nutritional status using BMI, especially among mothers and their children, are recommended.

1. Introduction

The nutritional status of any individual is his/her health
as dictated by the quality of nutrients consumed and the
body’s ability to utilize them for its metabolic needs. The
WorldHealthOrganization (WHO) believes that the ultimate
objective of nutritional assessments is overall improvement
in the quality of human health [1]. Undernutrition is con-
sidered to be a major public health issue in many of the
developing countries such as India. Among children, it is a
principal cause of increased ill-health, premature mortalities
and morbidities, and long-lasting physiological effects [2, 3].
Undernutrition has also been observed to have significant
adverse health effects among those children who survive to
adulthood and it is the largest contributor to global burden
of disease [4]. The underlying causes of undernutrition vary
from poverty and low levels of education to poor access to
health services [3, 5–8]. India has the highest occurrence of
child undernutrition in the world and it has been estimated
that more than half of the Indian children remain under-
nourished [3]. It has also been reported that the country has

more than 47 million stunted children and that nearly 20%
of children are born with low birth weight [9, 10]. Therefore,
nutritional assessments of children are a priority area in
the country and have potential roles to play in formulating
developmental strategies and intervention programmes in
the same.

Undernutrition among children has been routinely as-
sessed using the technique of anthropometry. This technique
is usually preferred because it is noninvasive and relatively
simple and it can be easily recorded and interpreted. Usually,
researchers have utilized the indices of body mass index
(BMI), stunting, wasting, and underweight to assess child
nutritional status. A prolific number of studies are present in
the existing literature in this aspect. Recent studies include
those of Gashu et al. [11], Murakami and Livingstone [12],
Sinharoy et al. [13], and Zhang et al. [14].

Maternal malnutrition is a major predisposing factor for
morbidity and mortality among women of the developing
countries. The causes include inadequate food intake, poor
nutritional quality of diets, frequent infections, and short
interpregnancy intervals.The consequences of poormaternal
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nutritional status are reflected in low pregnancy weight gain
and high infant and maternal morbidity and mortality. It
was observed by Goudet et al. [15] that maternal nutritional
status remains an important determinant of child health
and nutritional status. As a result, one of the major aims of
nutritional research is to understand the relationship between
maternal and child nutritional status using anthropometry
[16]. Recent studies have shown that maternal nutritional
status was related to several adverse outcomes in the offspring
that also included nutritional outcomes among the latter
[17–21]. Studies have shown maternal BMI to be closely
associated with child nutritional status [22, 23]. Maternal
underweight was another significant factor involved [24].
Maternal nutritional status has also an important role to play
in birth weight of infants [25, 26].

The WHO has estimated that, in the year 2012, a
total of 6.60 million deaths occurred among children aged
under 5 years (usually referred to as preschool children)
and that undernutrition was identified to be the principal
underlying cause of mortality in an estimated 45.00% of all
deaths among children [27]. Preschool children have been
specifically studied because their health status is a sensitive
indicator of overall community health, particularly among
disadvantaged groups in populations [28, 29]. This group is
also nutritionally vulnerable due to their easy susceptibility
to undernutrition and infection [30, 31]. They require a high
supply of nutrients since they are usually very active and their
growth rate is rapid.Moreover, during this period, nutritional
diseases in the form of kwashiorkor, marasmus, anaemia,
and xerophthalmia are not uncommon [32–34]. Preschool
children call for focused attention in India as because the
country has theworld’s highest percentage of undernourished
children [35]. In the year 2015, it was reported that globally
there were 5.90 million deaths of children under the age of 5
years, of which 1.20 million (20%) occurred in India alone
[36]. Currently, the country has an under 5 mortality rate
of 48 per 1000 live births [36]. A large number of published
literatures are available on the nutritional status of children
aged less than 5 years using anthropometry. Here, the studies
of Biswas and Bose [37], Mandal et al. [38], Mathad et al. [39],
Sen and Mondal [40], Patel et al. [41], Anuradha et al. [42],
and Chatterjee et al. [43] are mentionable.

Contemporary India is composed of a sizable number of
ethnic and indigenous elements having enormous amounts
of ethnic and genetic diversity. With a population of more
than 84 million individuals, India has the largest number
of indigenous people in the world and the country now
includes diverse tribal, nontribal, and caste populations [44,
45]. Studies have focused on assessments of nutritional status
among preschool children belonging to different indigenous
and tribal populations of the country.Here, the studies among
the Lodha [46], Sahariya [47], Proto-Australoid tribals [48–
50], Chenchu [51], and tribals from Assam and other parts
of north-east India [52, 53] are mentionable. Other notable
studies among preschool children belonging to the tribal
populations of the country include those of Rao et al. [54],
Bhattacharyya and Sarkar [55], and Meshram et al. [56].

However, Indian studies on the association between
maternal nutritional status parameters and child nutritional

status using anthropometry appear to be scarce in the existing
literature. There are some studies on the relation between
such maternal nutritional parameters and birth weight [57–
60]. Given the above, the present study was undertaken
to determine the association between maternal BMI and
nutritional status of children belonging to a tribal population
of the country.

2. Material and Method

2.1. Nature of Subjects and Area. The present study was
carried out among preschool children aged 2–5 years who fre-
quented 16 centers of the Integrated Child Development
Scheme (ICDS) located in the rural areas of Sukna, Mohar-
gaon, Matigara, and Nishchintapur under Siliguri subdivi-
sion of the district of Darjeeling. The children covered in
the present study belonged to the Proto-Australoid Tribal
Population. Initially, it was the British whowere instrumental
in bringing individuals belonging to the Proto-Australoid
tribal communities (e.g., Santal, Oraon, and Munda) from
the Chotanagpur plateau of Bihar to North Bengal in the
mid-19th century to be employed as workers in the tea
gardens. They are now found in a conglomerate ethnic group
collectively referred to as “Tea-labourer” in North Bengal
[61].

The ICDS was launched by the Government of India
on 2nd of October 1975 as an experimental project in 29
rural and tribal blocks and 4 urban slums. It now includes
preschool children, pregnant and lactating mothers, and
women in the age group of 15 years to 44 years and is
the largest national program for promotion and develop-
ment of health of mother and child [48, 62]. It provides
nonformal preschool education, supplementary nutrition,
immunization, health check-up, referral services, nutrition,
and health education to the beneficiaries. The children are
also served a daily food supplementation in the form of
porridge, consisting approximately of 50 grams of rice and
25 grams of lentil in the centers.

Prior to data collection, necessary permissionswere taken
from the ICDS centers and local Panchayets (a village level
governing authority). Approval for the study was obtained
from the University of North Bengal and the study has
been conducted in accordance with the ethical guidelines for
human experiments as laid down in the Helsinki Declaration
of 2000 [63]. The participants were selected using a stratified
random sampling method. Initially, mothers and children
belonging to the Proto-Australoid tribal population were
identified. Subsequently, those mothers having a single child
were identified. Once this was accomplished, mothers having
single children aged 2–5 years were selected. A total of 300
mothers and their 300 children (boys: 155; girls: 145) were
approached to participate in the study. The age and ethnicity
of the children were verified from both ICDS center records
and birth certificates. However, 54 of them (boys: 30; girls:
24) were excluded, as their ages could not be verified or
their mothers refused to participate in the study. So the final
sample comprised 246 mothers who had a single child and
246 children aged 2–5 years (boys: 124; girls: 122). All the
children were free from physical deformities and were not
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suffering from any illness and/or diseases at the time of data
collection.Theobjectives of the studywere explained to either
parent of the children and an informed consent was obtained
from them. The data was collected during the period from
June 2014 to November 2014.

2.2. Anthropometric Measurements Recorded. The anthropo-
metric measurements of height and weight were recorded
following standard procedures of Weiner and Lourie [64].
Height of mothers and their children was recorded with the
help of an anthropometric rod to the nearest 0.10 cm. Their
weights were recorded inminimum clothing and weight with
bare feet was taken using a portable weighing scale to the
nearest 0.50 kg. Intraobserver and interobserver technical
errors of the measurement (TEM) were calculated for testing
reliability of the data following the method of Ulijaszek and
Kerr [65]. For calculating TEM, height and weight were
recorded from 50 children other than those selected for the
study by both authors (PT and JS).

The TEM was calculated using the following equation:

TEM = √Σ𝐷22𝑁 , (1)

where 𝐷 is difference between the measurements and 𝑁 is
number of individuals.

The coefficient of reliability (𝑅) was subsequently calcu-
lated from TEM using the following equation:

𝑅 = {1 − (TEM)2
SD2
} , (2)

where SD is standard deviation of the measurements.
Very high values of 𝑅 (>0.975) were obtained for both

intra- and interobserver TEMand these values were observed
to be higher than the cutoff value of 0.95 as recommended by
Ulijaszek and Kerr [65]. Hence, the measurements recorded
by both PT and JS were considered to be reliable and
reproducible. Subsequently, height and weight in the course
of the present study were recorded by one of the authors (PT).

2.3. Prevalence of Undernutrition among Children. Undernu-
trition among children was documented by calculating 𝑍-
score values using the available age and sex-specific WHO
child growth reference values [66]. 𝑍-scores were calcu-
lated using the WHO Anthro Plus calculator. The values
of height-for-age 𝑍-score (HAZ), weight-for-age 𝑍-score
(WAZ), weight-for-height 𝑍-score (WHZ), and body mass
index for 𝑍-score (BMIZ) between “−2 to −3” and “<−3”
were considered as moderately and severely undernourished,
respectively. The BMI was calculated following the interna-
tionally accepted standard equation of WHO [67]:

BMI = Weight (kg)
Height2 (m) . (3)

2.4. Prevalence of Undernutrition amongMothers. Thepreva-
lence of undernutrition among mothers was assessed follow-
ing the international BMI cutoff points for CED as proposed
by WHO [67].

Table 1: Descriptive statistics (mean ± SD) of age and anthropo-
metric variables related to nutritional status of mothers and their
children.

Variable 𝑁 Mean/SD
Mothers’ variables
Age 246 31.85 ± 5.95
Height 246 144.98 ± 4.17
Weight 246 43.25 ± 4.58
BMI 246 20.63 ± 2.53

Children’s variables
Age 246 4.29 ± 1.29
Height 246 89.89 ± 10.14
Weight 246 12.18 ± 2.37
BMI 246 15.03 ± 1.51

2.5. Statistical Analysis. The data was statistically analyzed
using Statistical Package for Social Sciences (SPSS version
17.0). One way analysis of variance (ANOVA) was done
to assess age and sex-specific mean differences in anthro-
pometric variables. Correlation analysis was utilized to
assess correlation among mother’s BMI and child nutritional
parameters. Stepwise regression analysis was utilized to assess
the association of mother’s BMI (independent) on children’s𝑍-scores (dependent).Thepredictor variable ofmother’s BMI
was used in this model. The values of 𝑝 < 0.05 and 𝑝 < 0.001
were considered to be statistically significant.

3. Results

3.1. Descriptive Statistics of the Data. Overall mean and
standard deviation (SD) of mothers and their children was
depicted in Table 1. Among children, mean ± SD of age,
height, weight, and BMI were 4.29 ± 1.29 years, 89.89 ±10.14 cm, 12.18±2.37 kg, and 15.03±1.51 kg/m2, respectively.
Amongmothers, the respective values were 31.85±5.95 years,144.98 ± 4.17 cm, 43.25 ± 4.58 kg, and 20.63 ± 2.53 kg/m2.
3.2. Prevalence of Different Grades of Undernutrition (CED)
among Mothers Based on BMI (𝑛 = 246). Prevalence of
CED among mothers was very high (Table 2). Majorities of
them were suffering from CED Grade II (68.70%), followed
by those affected by CED Grade III (29.03%) and finally by
those affected by CED Grade I (2.01%). Less than 0.50% of
them exhibited normal BMI values.

3.3. Age and Sex-Specific Prevalence of Undernutrition among
the Children. The age and sex-specific prevalence of under-
nutrition among boys and girls are shown in Table 3. Among
boys, overall mean ± SD of height, weight, and BMI were88.91 ± 10.57 cm, 12.07 ± 2.56 kg and 15.19 ± 1.62 kg/m2,
while, among girls, the respective values were 90.88±9.61 cm,12.29 ± 2.15 kg, and 14.86 ± 0.37 kg/m2. Among girls, mean
height andweight exhibited an increasing trend except in case
of BMI which was lower than that shown by boys. Using,
ANOVA statistically significant differences (𝑝 < 0.001 and
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Table 2: Different grades of undernutrition (CED) among mothers
based on BMI.

CED BMI kg/m2 Number of mothers
Grade III BMI < 16.00 43 (17.50)
Grade II BMI 16.00–16.99 11 (4.50)
Grade I BMI 17.00–18.49 2 (8.00)
Normal Above 18.50–24.9 177 (72.00)
Overweight 25.0-29.9 13 (5.30)
Total 246 (100)
Figure in parenthesis indicates percentage.

𝑝 < 0.05) were observed between sexeswith respect to height,
weight, BMI, HAZ, WAZ, WHZ, and BMIZ.

Lower values of HAZ, WAZ, WHZ, and BMIZ indicated
whether the children were stunted, underweight, and wasted.
Among boys, HAZ 𝑍-score was −4.21 ± 1.35, −2.50 ± 2.69,−1.90 ± 1.08, and −2.34 ± 1.48 in the individuals ages,
respectively. Among girls, the corresponding values were−2.73 ± 1.66, −3.09 ± 1.27, −1.33 ± 3.22, and −1.92 ± 2.01
which were lower than boys. 𝐹-values were observed to be
statistically significant (𝑝 < 0.001) among them. In case of
WAZ𝑍-scores, the values for boys were −2.69±2.70, −1.54±2.19,−1.39±3.03, and−0.47±3.03 for the corresponding ages,
which were higher than the corresponding values for girls.𝐹-values were also statistically significant (𝑝 < 0.001). The
BMIZ among boys were 3.78 ± 1.14 for 2 years, −2.25 ± 0.68
for 3 years,−1.82±0.71 for 4 years, and−2.11±1.34 for 5 years.
Among girls, the corresponding values were −3.21 ± 1.19,−2.61 ± 0.41, −1.79 ± 0.67, and 1.06 ± 0.76, respectively. The
age specific differences in prevalence of different categories
of undernutrition were observed to be statistically significant
(𝑝 > 0.001) among boys and girls, except WAZ and WHZ
among boys.

3.4. Pearson’s Correlation Coefficients between Mother’s BMI
and Child 𝑍-Score Indices. The Pearson’s correlation coef-
ficients between maternal BMI and child 𝑍-score indices
(HAZ, WAZ, WHZ, and BMIZ) were positive and are shown
inTable 4.The correlation coefficientswere 0.608, 0.152, 0.195,
and 0.772, respectively.

3.5. Stepwise Logistic Regression among Maternal Anthropo-
metric Characters (Independent Variables) with Children Z-
Score Indices. Using a stepwise logistic regression, dependent
variables (HAZ, WAZ, WHZ, and BMIZ of children) were
fitted formother’s BMI and the results are depicted in Table 5.
The results reveal that BMI was an important predictor
variable of HAZ, WAZ, and BMIZ. Maternal BMI (Model
1) explained for 70.90%, 5.10%, and 74.80% of variations in
these three dependent variables except for WHZ (28.60%).
There were significant associations between maternal BMI
and children HAZ, WAZ, and BMIZ except WHZ. The
associations of sex-specific mean anthropometric variable of
mother’s BMI and children 𝑍-score are shown in Figure 1.
Moreover, mean𝑍-scores of HAZ,WAZ,WHZ, and BMIZ of
children had increasing trends with increased maternal BMI.
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Figure 1: Sex-specific mean anthropometric variables of mother’s
BMI and children 𝑍-scores.

4. Discussion

It is evident from Table 1 that most of the mothers included
in the present study suffered from different grades of CED.
Studies have consistently reported that prevalence of CED
was very high among women from India. Using data from
the Indian National Family Health Survey [68], Bharati et
al. [69] reported an overall prevalence of CED of 31.20%
among women aged 15–49 years. The prevalence of CED
was high (20–39%) among Bengalee women as observed by
Bose et al. [70]. Arlappa et al. [71] observed a very high
prevalence of CED (52%) among women from Rajasthan. In
a recent study, Bandyopadhyay and Sen [72] reported very
high levels of CED among women working in brickfields
of West Bengal. High levels of CED were reported from
women belonging to different tribal populations by Bisai and
Bose [73], Chakrabarty and Bharati [74], Banik [75], and
Ghosh [76]. However, very recent studies from the country
have reported that prevalence of CED is decreasing among
women in the country. Rai [77], while utilizing data from the
National Family Health Survey (NFHS) 1998-1999 andNFHS
2005-2006, documented high levels of CED among Indian
women but also indicated an almost 3% reduction in CED
and a 6% increase in overweight/obesity during 1998–2006.
In another very recent study, Meshram et al. [78] observed
that prevalence of CED had declined from 52% during 1975–
79 to 34% during 2011-12.

The present study enabled direct evaluation of association
between mother’s anthropometrics characteristic and child
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Table 4: Pearson’s correlation between maternal BMI and child 𝑍-
scores.

Variables 𝑟
Mother’s BMI versus HAZ 𝑍-score 0.608∗∗
Mother’s BMI versus WAZ 𝑍-score 0.152∗
Mother’s BMI versus WHZ 𝑍-score 0.195∗∗
Mother’s BMI versus BMIZ 𝑍-score 0.772∗∗
∗∗𝑝 value < 0.001; ∗𝑝 value < 0.05.

nutritional status. Significant associations between maternal
BMI and children nutritional status were observed. India is
currently in the midst socioeconomic, demographic, nutri-
tional, and epidemiological transition and still undernutri-
tion continues to affect large segments of the population.
The early detection and effective management of current
energy deficit as assessed by mother’s BMI may reduce
increased susceptibility to undernutrition among children.
It was also observed that mean 𝑍-scores for WAZ, HAZ,
WHZ, andBMIZof children had increasing trends associated
with an increase in maternal BMI status (Figure 1). The
stepwise regression model revealed that maternal BMI was
most predictive variable of HAZ, WAZ, and BMIZ (model
1) and this explained the significant variations in these three
dependent variables.

Results indicated that correlations between mother’s and
child’s anthropometry were significant. The present study
also observed existence of high correlations betweenmother’s
BMI and 𝑍-scores of height of child. Both these points are
indicative of a strong genetic component between maternal
and child anthropometry. Thus, mother’s anthropometry
strongly influences child’s anthropometry. Studies on the
association between the nutritional statuses of mothers with
that of their offsprings are scarce in the exiting literature.
Some studies are available in the domain of BMI between
mothers and their children. There were significant associa-
tions between maternal BMI with children weight and height𝑍-score and it was observed by many researchers (e.g., [79])
that an increase in BMI status was associatedwith a lower rate
of childhood undernutrition. It was noted more than twenty
years ago byRahman et al. [80] that a child’s nutritional status,
as indicated by weight-for-age (as a percentage of NCHS
median), was associated with BMI of mother (𝑝 < 0.001).
Islam et al. [81] in a study from Bangladesh showed that
mothers who were underweight were 2.5 times more likely
to have underweight children. Santos et al. [82] in a Chilean
study observed direct correlation (𝑝 < 0.001) between
children’s BMI 𝑍-score and their mothers’ BMI, both among
boys (Spearman rho = 0.26) and girls (rho = 0.30). In a recent
study, Kulasekaran [83] reported that women with poorer
nutritional status, as indicated by BMI, had registered higher
risk of severe thinness (height-for-age) and severe under-
weight (weight-for-age) (27.10% and 23.30%, resp.) among
their children. The study also reported that severe wasting
(weight-for-height) in children was also associated with
mothers’ BMI. In yet another recent publication, Negash et al.
[21] observed that HAZ was positively associated with mater-
nal height. In another very recent study, Fleten et al. [84]

reported that maternal BMI (𝑟 = 0.16; 𝑝 < 0.05) was
correlated with WHZ of children while maternal height (𝑟 =0.20; 𝑝 < 0.05) was correlated with HAZ of children.
Significant positive association between maternal BMI and
children BMIwas also noted byAjslev et al. [85] andRay [86].

The present study has confirmed the earlier suggestion
that anthropometricmeasurementswere useful in identifying
mothers at high risk of delivering low birth weight newborns
[58]. Anthropometric measurements recorded on children
aged 2 years showed that boys have higher metric values in
case of height, HAZ 𝑍-score, and BMIAZ 𝑍-score than girls.
But mean weight, BMI, WAZ 𝑍-score, and WHZ 𝑍-score of
girls increased. Net increase in BMI, HAZ, WAZ, and BMIZ
in case of boys aged 4 years in case of except height andweight
over that of girls was noted by Rolland-Cachera et al. [87].

Possibly, it is important to note that, during infancy,
the relationship between mother and child malnutrition is
affected by biological consequences of maternal malnutrition
during lactation. Thus, interventions by improving maternal
nutritional status could have a significant role in the pre-
vention of childhood malnutrition. One additional issue that
needs to be highlighted is “adiposity rebound,” which refers
to the second increase in BMI during early childhood [87]. It
is of concern that between-population differences in the pat-
terns of adiposity rebound may exist, in particular, between
populations in industrialized and developing countries. This
may affect the estimate of obesity prevalence for children at
around the age of adiposity rebound when the international
BMI references based upon data collected in a particular
wealthy society are used.This pattern of change inBMImeans
that the age of adiposity rebound inevitably predicts later
BMI, as was first shown by Rolland-Cachera et al. [87]. This
association between changes in BMI applies at all ages, not
just at around 5 years, so the adiposity rebound should not
be viewed as a critical period for obesity development. The
NCHS/WHO growth references have played an important
role in the past for international use in assessing child and
adolescent growth and nutritional status. WHO has recently
developed and recommended the use of a new international
reference for infants and preschool children.

5. Conclusions

The results of the present study indicate a high prevalence
of undernutrition among mothers and their children aged
2–5 years. Initiatives should be taken to improve nutritional
status of such children. The results showed that moderate
undernutrition is more prevalent than severe undernutrition.
The intervention programmes should focus on improving the
nutritional status and environmental and personal hygiene
of the children along with regular monitoring of their health
so as to achieve their optimal growth potentials. The present
study has observed the prevalence of undernutrition among
children to be associated with maternal nutritional status.

Competing Interests

The authors declare that they have no competing interests.



Journal of Anthropology 7

Table 5: Logistic regression analysis of maternal BMI (independent variable) with child HAZ 𝑍-score, WAZ 𝑍-score, WHA 𝑍-score, and
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