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Abstract
Background

Although Low birth weight (LBW) is an independent predictor of malnutrition, it is still a negligible public
health issue in the Indian context. Where, a large number of children died due to complications from
maternal and child malnutrition. Furthermore, each year, India loses its GDP due to the cost of
micronutrient malnutrition which is more that the public health budget.

Methods

To conduct the study, 4th round of the National Family Health Survey (NFHS-4), a large-scale survey was
used. The study used the last birth information (190,898) due to the detailed availability of maternal care
information. The univariate and bivariate analysis was done to �nd out the percentage distribution. Further,
a logistic regression was applied to examine the association between LBW and malnutrition (stunting,
wasting, and underweight). The study also employed the Fairlie decomposition technique to estimate the
contribution of LBW to malnutrition among Indian children.

Results

The estimated result shows that childhood malnutrition was higher in most of the Empowered Action
Group (EAG) states of India. Furthermore, the infant who was born with low birth weight was more likely to
have stunted (OR=1.67; 95% CI: 1.60-1.75), wasting (OR=1.32; 95% CI: 1.26-1.39), and underweight
(OR=1.44; 95% CI: 1.38-1.51) in their childhood as compared to infants with no low birth weight. The
�ndings of the decomposition model explained 19 % of the difference in stunting, 12% in wasting, and 16%
in underweight among the children born with low birth weight after controlling for background
characteristics of the individuals. Other variables such as wealth status, mother’s education, height,
mother’s age at birth, and sanitation facility were the signi�cant contributors to childhood malnutrition in
India. 

Conclusions

Although many nutrient-centric programmes are going on to control the nutrition status of children, the
Indian government should focus more on control LBW. As LBW has a signi�cant contribution to
malnutrition, the study recommends that government should take all the necessary steps to implement and
monitor some special schemes like the Kangaroo Mother Care (KMC) at the ground level to reduce the
burden of LBW. 

Introduction
A general perception exists that malnutrition is a health condition that results from inadequate nutrient
intake. But Low Birth Weight (LBW) is an independent factor contributing to malnutrition among children,
primarily in Asian and African countries [1]. Stunting, wasting, and underweight are a combination of the
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anthropometric measurements of childhood malnutrition [2]. As per the Food and Agriculture Organization
(FAO), worldwide, approximately 795 million populations suffered from undernutrition from 2014 through
2016 [3]. It has been proven that childhood malnutrition affects physical and mental health and is a
signi�cant impediment to the development of society by losing labour productivity and increasing the cost
of healthcare [4–6]. Every year African and Asian countries lose 11% of gross domestic product (GDP) due
to the burden of malnutrition, which cost more than the 2008-2010 �nancial crisis [7].

India is the home of the highest number of malnourished children. As per the latest Global Hunger Index
(GHI), which is derived based on total undernutrition and infant mortality — India is ranked 94th out of 107
countries[8]. Previous studies revealed that malnutrition was much higher in children with LBW than normal
children [9–11]. According to the World Health Organisation (WHO), low birth weight babies are those who
are born with less than 2500g. [12]. According to global estimates, approximately 15 million premature
babies [13] and more than 20 million LBW infants are born. An estimated 15% to 20% of all births
worldwide are LBW, and it is highest in South Asian countries, 28% [12]. In India, the prevalence of LBW
 reduced to  3% (21% to 18%) in the last decade [14]. Thus, the higher prevalence of LBW remains a
persistent concern among decision-makers and researchers.

The speci�c causes of LBW are not clearly understood. It manifests the complex interaction of several
factors such as mother's malnutrition and health, poverty, previous caesarean delivery, and poor utilisation
of health care facilities [15–19]. However, according to the causes of death statistics, approximately half of
neonatal deaths occurred due to complications from LBW and premature birth [20]. Low birth weight
babies are more susceptible to illness due to infection, feeding di�culties, temperature instability,
Pneumonia, cardiovascular disease, respiratory distress, and malnutrition [21–23]. In addition, LBW is
highly correlated to cough and diarrhoea [24], which are the leading causes of childhood malnutrition in
India [25, 26]. After growth faltering at the neonatal period, infants fail to attain average height and weight,
leading to wasting [27]. Evidence suggests that wasting in early life likely contributes to stunting in
childhood [28]. Also, malnutrition in the foetus results in malnutrition throughout infancy, childhood, and
adulthood [29]. Therefore, low birth weight should be highly concerned about controlling childhood
stunting, wasting, and underweight, which are the signi�cant contributors to child mortality [30].

Since the 1970s, the Indian government has been implementing many schemes and programmes to
improve the nutrition status, especially for children and women. The bene�ts of such schemes have
received by most Asian countries; unfortunately, India has been failed. In India, approximately 38%, 21%,
and 36% of children suffer from stunting, wasting, and underweight, respectively [14]. A study estimated
that about 68% of children died due to child and maternal malnutrition [31]. Furthermore, India is losing
2.5% of its GDP due to the cost of micronutrient malnutrition [32]. Thus, reducing child malnutrition has
become a highlighted concern to achieve the SDGs targets on hunger and child health. The Indian Prime
Minister announced the holistic nutrition or POSHAN Abhiyaan or National Nutrition Mission in 2018 to
make India malnutrition-free by 2022 [33]. However, the current trend of malnutrition indicates that India is
not on track to achieve that. 



Page 4/26

The Global Nutrition Report (GNR) reported that a $1 investment in a nutritional scheme could generate an
economic return of $16 [8]. Thus, the contribution of LBW to child malnutrition needs to be explored to raise
the economic return by reducing malnutrition. A connection between low birth weight and childhood
malnutrition is missing in the Indian context as previous studies conducted to explore the determinants of
both [15–19, 34, 35]. Moreover, In India, most of the studies on low birth have been done using hospital
data, and there is no such work done at the national level using recent data. This study aims to highlight
the contribution of low birth weight on childhood malnutrition using a national-level cross-sectional dataset
to �ll this research gap. The �ndings may help implement evidence-based policy to achieve the targets of
SDGs in India.

Data And Methods
The population-level study on the adverse birth outcome is limited in India due to the unavailability and the
poor quality of data on birth weight. The recently conducted 4th round of National Family Health Survey
(NFHS 4), 2015-16, was used for the study. The nationwide representative cross-sectional survey,
equivalent to the DHS, provides information on reproductive and child health. The biometric components
such as weight, height, anaemia, etc., were measured following international standards.   In this large-scale
survey, 699,686 women aged 15-49 years were interviewed from 601,509 households from January 2015 to
December 2016. We have used the kids' �le that provides the information of child and mother during the
last �ve years preceding the survey, i.e. 2010 to 2015-16. A total of 259,267 births were recorded in the
seven years of birth history. The study used the last birth information (190,898) due to the detailed
availability of maternal care information. The height and weight were collected from 178,051 children. After
excluding missing data, the analysis is based on a total sample of 164,213 infants.

Outcome variable

The main outcome variables were stunting, wasting, and underweight as these are the powerful predictors
of the development of a country. Three anthropometric indices; stunting (height-for-age), wasting (weight-
for-height) and underweight (weight-for-age) were considered for nutritional assessment. The indices were
derived from the standard deviation units (Z-score) and the median of the reference population based on
the standards of WHO. If the Z-score for height-for-age, weight-for-height, and weight-for-age is less than
minus 2 standard deviations from the median, consider stunting, wasting, and underweight respectively.
The stunting results from chronic malnutrition; wasting re�ects acute malnutrition, and underweight
represents the combined index of the above two. The unit of analysis in this study was the last births in the
�ve years preceding the survey.

Exposure variables

The study was utilised low birth weight as an independent variable. Due to a 20% missing observation of
infants' birth weight, birth size was used as a proxy of low birth weight. In NFHS, mothers' were asked:
"When (the child) was born, was he/she: large, average, small or very small [14]. A study based on NHFS
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data has been reported that the baby's reported size at birth is closely related to birth weight[36]. The birth
size was recoded as low birth weight (small and very small) and normal (average and large). 

It is known that malnutrition not only predicts childhood morbidity but also controls nutritional status.
Based on the previous evidence, various child characteristics, mother level, household level, and
community-level variables were considered the independent variable. The study included the child's
characteristics such as sex of the child (male and female),  birth order (1st, 2nd, 3rd and 3+), age of the child
(< 12  months, 12 – 23 months, 24 – 35 months, and 36 months & above) and breastfeeding (>6 months
and <6 months). Maternal variables include mother's education (illiterate/ primary, secondary, and higher
education), mother's age at birth (< 20, 20 – 24, 25-29   and 30 & above), the height of the mother (>145cm
and <145cm). In the current study, the mother's height was considered as an independent variable instead
of BMI as the BMI measured at the time of the survey could be �ve years after the child's birth included in
the analysis. So, the possibility of changing a mother's height is less than the BMI as a mother's nutrition
status. Religion (Hindu, Muslim, and Others), economic status of the household (poor, middle, and rich),
source of drinking water, and sanitation facilities were also included. The community-level variable
considers the place of the residence viz. "rural/urban" and regions namely "North", "Central", "West", "South"
and "North-East". 

Statistical Analysis

The weighted prevalence of nutrition stunting, wasting, and underweight was estimated using the exposed
sample of last birth, and the Chi-square test (χ2) was performed to evaluate the association between
dependent and independent variables. A logistic regression model was used to understand the contribution
of low birth weight on childhood morbidity and nutrition status by adjusting the socioeconomic,
demographic, and child characteristics selected by bivariate analysis. For the analysis, a dichotomous
variable was used as the dependent variable and all the states and union territories were included in the
sample.

Where β0 is intercept and β1... βk are regression coe�cients indicating the relative effect of a particular
explanatory variable on the outcome, while ε is an error term.

Furthermore, we have used the extension of Binder Oaxaca decomposition given by Fairlie (2005), a non-
linear decomposition technique appropriate for binary outcome variables. This technique decomposes the
gap in the prevalence of diseases over the residence where the individual has spent most of their lives, and
we observe the percentage contribution of each of the attributable factors. Thus, a non-linear equation Y =
F(Xβ), can be decomposed as:
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Where Yr and Yu represents the nutritional status among children with LBW and no LBW with samples Nr

and Nu, respectively. The �rst term in the equation represents the part of the gap due to the group
differences in the distributions of independent variables. The second term represents part due to
differences in the group processes determining levels of Y and captures a portion of the group gap due to
group differences in immeasurable or unobserved endowments. To identify the contribution of individual
explanatory factors on the observed gap, we assume that the two-sample sizes are equal and there is an
exact match between the samples. Using coe�cient estimates from a logit regression for a pooled sample
β*, the independent contribution of xi's to the group gap can then be expressed as:

The contribution of each variable to the gap is thus equal to the change in the average predicted probability
from replacing nutritional status among LBW and No LBW children while holding the distributions of the
other variables constant [37]. The analysis was performed by STATA version 13.1, R Version 1.1.44, and Arc
GIS version 10.3.

Results
Table 1 represents the percentage distribution of the sample size used in the current study. Nearly 54% of
the sample consists of male children, and the rest of the sample consists of female children. 63% of the
children suffered from stunting, whereas 66% of the children were underweighted. More than half of the
sample, around 77%, suffered from wasting. Around 41% of the children's mothers were illiterate, and every
four out of �ve children follow the Hindu religion. Almost three in ten households belonged to urban areas,
and about 28% of the household belonged to the Central region of India.
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Table 1
Sample distribution of the study

Determinants Percent Sample (N)

Stunting    

> 2 SD 63.66 1,04,533

< 2SD 36.34 59,680

Wasting    

> 2 SD 77.97 1,28,029

< 2SD 22.03 36,184

Under-weight    

> 2SD 66.38 1,09,006

< 2SD 33.62 55,207

Low birth weight    

No 88.13 1,44,725

Yes 11.87 19,488

Sex of the child    

Male 54.05 88,751

Female 45.95 75,462

Age of the child (months)    

< 12 24.81 40,743

12–23 25.53 41,919

24–35 20.01 32,854

=>36 29.65 48,697

Birth Order    

1 32.58 53,498

2 33.19 54,502

3 17.31 28,424

3+ 16.92 27,789

Breastfeeding    

< 6 months 9.89 16,243
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Determinants Percent Sample (N)

> 6 months 90.11 1,47,970

Age at birth    

Below 20 9.81 16,109

20–24 41.54 68,214

25–29 30.76 50,512

30&Above 17.89 29,378

Mother's height    

< 145 cm 10.88 17,864

> 155 cm 89.12 1,46,349

Mother's Education    

Illiterate/primary 41.85 68,720

Secondary 47.36 77,775

Higher 10.79 17,718

Wealth Index    

Poor 46.43 76,246

Middle 20.3 33,336

Rich 33.27 54,631

Religion    

Hindu 73.23 1,20,246

Muslim 15.14 24,857

Others 11.64 19,110

Place of residence    

Rural 74.64 1,22,568

Urban 25.36 41,645

Toilet facility    

Don't have 39.68 65,161

Have 60.32 99,052

Source of drinking water    
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Determinants Percent Sample (N)

Unimproved 11.47 18,839

Improved 88.53 1,45,374

Region    

North 19.07 31,323

Central 28.35 46,553

East 20.96 34,424

North East 14.3 23,482

West 7.07 11,613

South 10.24 16,818

The estimated result (Fig. 1) shows that the prevalence of stunting was the highest in Bihar (45%), much
higher than at the national level (37 %). The state of Uttar Pradesh ranked second, where 44% of children
were stunted (Table 2), followed by Jharkhand, Dadra and Nagar Havel, Meghalaya, and Rajasthan. The
lowest prevalence was observed in Goa in India. On the other hand, the percentage of wasting ranges from
31 % in Jharkhand to 7 % in Manipur. One forth infants were wasted in Chhattisgarh, Gujarat, Karnataka,
Madhya Pradesh, and Maharashtra. The severity in underweight incidence is observed more in Jharkhand,
ranges from 47 to 11 %. Also, states like Uttar Pradesh, Madhya Pradesh, Gujarat, Chhattisgarh, and Bihar
had a higher percentage of underweight children.
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Table 2
State wise percentage distribution of low birth weight, stunting, wasting and underweight in India,

2015-16.
States and UTs Low birth weight (%) Stunting (%) Wasting (%) Underweight (%)

Andaman And Nicobar 6.00 23.81 21.35 20.78

Andhra Pradesh 8.25 30.55 19.66 31.63

Arunachal Pradesh 12.43 27.86 17.99 19.28

Assam 16.12 34.89 17.63 29.36

Bihar 14.18 45.39 23.91 43.49

Chandigarh 12.02 26.51 12.09 22.29

Chhattisgarh 9.10 36.38 25.18 37.92

Dadra And Nagar Havel 5.88 41.31 28.48 38.36

Daman And Diu 6.26 21.43 23.23 24.42

Delhi 8.99 33.63 16.59 28.53

Goa 8.96 19.92 20.02 21.89

Gujarat 13.02 36.55 28.45 38.12

Haryana 9.00 33.1 22.94 29.53

Himachal Pradesh 14.15 26.25 14.2 20.83

Jammu And Kashmir 11.45 27.17 12.82 15.79

Jharkhand 9.20 43.84 31.38 46.8

Karnataka 8.30 35.67 27.23 34.87

Kerala 7.03 20.65 16.23 16.52

Lakshadweep 13.88 25.8 15.36 22.52

Madhya Pradesh 13.09 39.19 28.2 42.18

Maharashtra 10.14 34.02 26.99 35.48

Manipur 13.01 27.27 7.35 13.36

Meghalaya 8.61 38.73 17.33 27.2

Mizoram 7.11 26.08 6.32 11.11

Nagaland 10.92 25.69 11.85 15.59

Odisha 13.38 33.4 21.84 34.49

Puducherry 6.69 24.41 24.15 23.29
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States and UTs Low birth weight (%) Stunting (%) Wasting (%) Underweight (%)

Punjab 12.81 25.66 16.73 21.35

Rajasthan 10.72 38.08 24.28 35.85

Sikkim 4.18 29.2 14.15 13.85

Tamil Nadu 9.36 28.06 20.6 23.89

Telangana 7.58 26.41 20.19 26.89

Tripura 13.49 22.91 17.26 23.92

Uttar Pradesh 15.84 43.92 20.58 39.02

Uttarakhand 14.47 32.92 20.82 25.99

West Bengal 11.79 31.2 20.9 31

India 12.00 36.55 22.86 34.94

In Fig. 2, the age-wise prevalence of low birth weight was plotted from age 0 months to 59 months. The
graph shows that the LBW infants had a higher prevalence of malnutrition than a child with normal birth.
The percentage of stunting increased rapidly in the �rst 23 months, and then the curve �attened in later
childhood. A vast proportion of newborns were facing wasting at an early age; a decreasing slope was
observed with the increase of their age. It also found that the prevalence of wasting was increasing at the
end of childhood among LBW infants. The prevalence of underweight increased with the age of the child,
which was more signi�cant among LBW babies

Table 3 presents the association between LBW and malnutrition, i.e. stunting, wasting, and underweight. A
strong association between low birth weight and childhood malnutrition was observed in India. The infant
who was born with low birth weight was more likely to have stunted (OR = 1.67; 95% CI: 1.60–1.75),
wasting (OR = 1.32; 95% CI: 1.26–1.39), and underweight (OR = 1.44; 95% CI: 1.38–1.51) in their childhood
as compared to infants with no low birth weight. The result also showed that male children were more
undernourished than female children. As expected, the probability of having a malnourished infant
increased with the decreasing level of the mother's education and household wealth status. Children of the
young mother, short stature mother, and children from the urban areas were the strongest predictors of
childhood malnutrition in India. In addition, the chances of stunting and being underweight were greatly
increased with increasing birth order, whereas the result was vice versa for wasting. Child belonged to
central region were more prone to stunting (OR = 1.20; 95% CI: 1.14–1.27) and underweight (OR = 1.26; 95%
CI: 1.19–1.33).
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Table 3
Logistic regression model to examine the association of low birth weight with stunting,

wasting and underweight, India 2015-16
Determinants Stunting Wasting Under-weight

Low Birth Weight      

No      

Yes® 1.67**(1.60 1.75) 1.32**(1.26 1.39) 1.44**(1.38 1.51)

Sex of the child      

Female®      

Male 1.09**(1.06 1.12) 1.11**(1.07 1.15) 1.11**(1.08 1.15)

Age of the child (months)      

> 12®      

12–23 1.46**(1.39 1.52) 0.68**(0.65 0.72) 2.89**(2.76 3.03)

24–35 1.71**(1.63 1.79) 0.61**(0.57 0.64) 2.86**(2.72 3.01)

36&more 1.64**(1.57 1.72) 0.55**(0.52 0.58) 2.54**(2.43 2.67)

Birth Order      

1®      

2 1.09**(1.05 1.14) 0.96(0.91 1.00) 1.16**(1.11 1.21)

3 1.14**(1.09 1.21) 0.95(0.90 1.01) 1.26**(1.19 1.32)

3+ 1.35**(1.27 1.42) 0.96(0.90 1.03) 1.51**(1.42 1.59)

Breastfeeding      

> 6®      

< 6 0.91**(0.86 0 .96) 0.91*(0.85 0.98) 0.91**(0.86 0.96)

Age at birth      

Above 30®      

Below 20 1.31**(1.22 1.41) 0.92*(0.85 0.99) 1.40**(1.31 1.51)

20–24 1.20**(1.13 1.26) 0.98(0.93 1.04) 1.22**(1.16 1.29)

25–29 1.04(0.99 1.09) 0.94*(0.89 1.00) 1.06*(1.01 1.11)

Mother's height      

> 145 cm®      

Note: ® Reference category; ** p < 0.01 *p < 0.005
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Determinants Stunting Wasting Under-weight

< 145 cm 1.82**(1.73 1.91) 1.07*(1.01 1.13) 2.10**(2.00 2.21)

Mother's Education      

Higher®      

Illiterate/Primary 1.86**(1.74 2.00) 1.23**(1.14 1.32) 1.78**(1.66 1.90)

Secondary 1.43**(1.33 1.52) 1.13**(1.06 1.21) 1.31**(1.23 1.40)

Wealth Index      

Rich®      

Poor 1.70**(1.61 1.80) 1.28**(1.20 1.36) 1.57**(1.49 1.66)

Middle 1.27**(1.20 1.33) 1.05(0.99 1.11) 1.28**(1.21 1.35)

Religion      

Hindu®      

Muslim 0.95(0.91 1.00) 0.91**(0.86 0.96) 1.06*(1.01 1.11)

Others 0.96(0.89 1.04) 0.96(0.87 1.05) 0.95(0.87 1.03)

Place of residence      

Rural®      

Urban 1.06*(1.01 1.11) 1.05*(0.99 1.10) 1.03(0.98 1.08)

Toilet facilities      

Don't have toilet®      

Have toilet 1.21**(1.16 1.26) 1.11**(1.06 1.17) 1.20**(1.15 1.25)

Source of drinking water      

Unimproved®      

Improved 1.02(0.96 1.07) 1.05(0.99 1.11) 0.95(0.90 1.01)

Region      

South®      

North 1.03(0.97 1.10) 0.93*(0.87 1.00) 1.16**(1.09 1.24)

Central 1.20**(1.14 1.27) 0.91**(0.85 0.96) 1.26**(1.19 1.33)

East 1.03(0.97 1.09) 0.93*(0.87 0.99) 0.98(0.92 1.04)

Note: ® Reference category; ** p < 0.01 *p < 0.005
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Determinants Stunting Wasting Under-weight

North-East 0.69**(0.64 0.74) 0.64**(0.59 0.70) 0.88**(0.82 0.95)

West 1.40**(1.30 1.51) 1.34**(1.23 1.46) 1.21**(1.12 1.31)

Note: ® Reference category; ** p < 0.01 *p < 0.005

Table 4 shows the results of Fairlie decomposition analysis, examining the contribution of low birth weight
to stunting, wasting, and underweight among children. The study showed that the model could explain 19
% of the difference in stunting, 12% in wasting, and 16% in underweight among the children born with low
birth weight after controlling for background characteristics of the individuals. Among other independent
variables, age of the child, education, religion, wealth index, height, age of mother at birth, and toilet
facilities had signi�cant contributions to the low birth weight of the child. For low birth weights leading to
stunting, other independent variables such as the age of the child (6.4%), education (25.4%), religion (3.8%),
wealth index (23.0%), height (36.6%), age of mother at birth (3.8%) and toilet facilities (6.6%) had a
signi�cant effect. Among the children with wasting other independent variables such as the age of the
child (52.7%), education (17.6%), religion (9.1%), wealth index (22.8%), height (7.7%), age of mother at birth
(3.7%), and toilet facilities (11.1%) had signi�cant contribution apart from signi�cant contribution from low
birth weight. Education (20.7%), religion (8.4%), wealth index (25.5%), height (29.3%), age of mother at birth
(3.7%), and toilet facilities (13.9%) had a signi�cant contribution to underweight among children apart from
low birth weight.
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Table 4
Decomposition model estimates the contribution of low birth weight to stunting, wasting and underweight,

India 2015-16
Independent
Variables

Stunting Wasting Underweight

Coe�cient
(95% CI)

%
Contribution

Coe�cient
(95% CI)

%
Contribution

Coe�cient
(95% CI)

%
Contribution

Sex of Child 0.001
(0.001–
0.001) **

-7.000 0.001
(0.001–
0.001) **

-16.500 0.001
(0.001–
0.001) **

-4.700

Age of Child -0.001
(-0.001–
0.001)**

6.400 -0.003
(-0.004–
0.003) **

52.700 -0.001
(-0.001-
0.000) **

2.700

Birth Order 0.000
(0.000–
0.000) **

2.300 0.000
(0.000–
0.000) **

0.000 0.000
(-0.001-
0.000) **

2.500

Breastfeeding 0.000
(0.000-
0.001) **

-2.500 0.000
(0.000–
0.000) **

-2.300 0.000
(0.000-
0.001) **

-2.000

Age at birth -0.001
(-0.001–
0.001) **

3.800 0.000
(0.000–
0.000) **

3.700 -0.001
(-0.001–
0.001) **

3.700

Mother’s
height

-0.006
(-0.007–
0.006) **

36.600 0.000
(-0.001-
0.000) **

7.700 -0.006
(-0.006–
0.005) **

29.300

Mother’s
education

-0.004
(-0.005–
0.004) **

25.400 -0.001
(-0.001–
0.001) **

17.600 -0.004
(-0.004–
0.004) **

20.700

Wealth Index -0.004
(-0.004–
0.004) **

23.000 -0.001
(-0.002–
0.001) **

22.800 -0.005
(-0.005–
0.005) **

25.500

Religion -0.001
(-0.001-
0.000) **

3.800 -0.001
(-0.001-
0.000) **

9.100 -0.002
(-0.002–
0.001) **

8.400

Toilet Facility -0.001
(-0.001–
0.001) **

6.600 -0.001
(-0.001–
0.001) **

11.100 -0.003
(-0.003–
0.002) **

13.900

Region -0.001
(-0.001-
0.000) **

3.300 0.000
(0.000–
0.000) **

-4.900 0.000
(-0.001-
0.000) *

1.700

N of obs G = 
0

144725 144725 144725

Note: ** p < 0.01 *p < 0.005, Dependent variable- Stunting (0 = No, 1 = Yes), Wasting (0 = No, 1 = Yes),
Underweight (0 = No, 1 = Yes); Group Variable- Low Birth Weight (0 = No, 1 = Yes)
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Independent
Variables

Stunting Wasting Underweight

Coe�cient
(95% CI)

%
Contribution

Coe�cient
(95% CI)

%
Contribution

Coe�cient
(95% CI)

%
Contribution

N of obs G = 
1

19488 19488 19488

Pr(Y! = 0G = 
0)[a]

0.353 0.214 0.322

Pr(Y! = 0G = 
1)[b]

0.443 0.264 0.443

Difference[a-
b]

-0.09 -0.05 -0.121

Total
explained[c]

-0.017 -0.006 -0.019

% Total
Contribution
c/[a-b]*100

19.07 12.64 15.99

Note: ** p < 0.01 *p < 0.005, Dependent variable- Stunting (0 = No, 1 = Yes), Wasting (0 = No, 1 = Yes),
Underweight (0 = No, 1 = Yes); Group Variable- Low Birth Weight (0 = No, 1 = Yes)

Discussion
Since 1970, the Indian government has been implementing several programmes to combat the burden of
childhood malnutrition. After National Nutritional Anemia Prophylaxis Program (NNAPP), Integrated Child
Development Services (ICDS) scheme, the largest programme in the world, was launched to improve child
nutrition through providing health and nutritional services to pregnant mothers and children up to 6years
[38]. In 2018, the Prime Minister announced POSHAN Abhiyaan to make India malnutrition-free by 2022
[33]. After all these efforts, India is not on track to achieve the second goal of SDGs, which re�ects in the
rank of the Global Hunger Index [8].

A bunch of previous studies examined the socioeconomic and demographic determinants of childhood
undernutrition. However, unfortunately, no study has been done in India to investigate the contribution of
LBW to childhood undernutrition. Moreover, the burden of low birth weight in India is still greater than in
other developing countries, which is a strong determinant of malnutrition. The present study investigated
the effects the low birth weight on childhood nutritional status. The �ndings suggested that the prevalence
of low birth weight was highest in Assam, followed by Uttar Pradesh, Uttarakhand, Bihar, and Himachal
Pradesh. Previous studies also stated that socioeconomic status and maternal and child health care are
directly related to LBW. Assam contributes the highest maternal mortality in India, indicates the lack of
maternal and child health care services [39]. Other states with high rates of LBW come under the
Empowerment Action Group (EAG) states, which was formed to improve health care and socioeconomic
status. In addition, the EAG states have a greater level of malnutrition among children, which is consistent
with previous studies [40–42].
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This study showed a high prevalence of stunting (37%), wasting (23%), and being underweight (35%). In
line with our hypothesis, we found a signi�cant association between low birth weight, and malnutrition
among children; stunting, wasting and underweight. Furthermore, low birth weight accounts for 19%, 13%,
and 16% of total stunting, wasting, and underweight, respectively, in India. The percentage of stunting and
underweight rapidly rose up to 23 months of age among children with low birth weight, whereas the
percentage of wasting declined rapidly with the increases of the age of the children. In the expected
direction, the study found that along with LBW, age of the child, mother's height, household wealth status,
mother's education, and toilet facility of the household are the main contributors of childhood malnutrition
in India, in the of previous studies [34, 35, 41, 41–45].

Low birth weight is a predetermined which affects growth after the birth of a child, which can be correlated
with preterm birth and Intra-Uterine Growth Rate (IUGR) or both [46]. IUGR and preterm birth could increase
the risk for the lower immune system, respiratory disorder, and metabolic dysfunction which are directly
related to childhood illness, injection, and improper physical development [47, 48]. A study in Zimbabwe
revealed that the Growth of LBW babies is behind the growth of normal weight babies and signi�cant
length differences were evident at 12 months of age [49]. The life cycle approach stated that the process of
becoming undernutrition starts in utero. Children born with low birth become undernourished children [43].
There is a high probability of being an undernourished mother of a malnourished girl. In addition to
threatening her own health and productivity, poor nutrition that contributes to stunting and low weight in
her adult life increases her children's chances of being born malnourished. And so the cycle is spinning [50].
Although WHO recommended Kangaroo Mother Care (KMC) to protect premature birth and newborns with
low birth weight [51], all Indian mothers are not getting that facility as the program has not yet covered all
over India [52]. In the past studies, we can conclude that India can improve birth weight by improving
antenatal care facilities, educating mothers, and reducing child marriage and unnecessary caesarian
delivery [53–56].

Maternal height is an indicator of the nutrient status of the mother. Short-stature mothers have reduced
protein and energy reserves, smaller reproductive organs, and limited space for fetal development [57, 58].
These factors affect the growth of the fetus through the placenta and the growth of the baby through the
quantity and quality of breast milk [59]. In addition, the connection between a mother’s and baby's height is
expected to be strongly in�uenced by genetics [60]. In line with our �ndings, a study conducted in lower and
middle-income countries stated that the short stature of a mother is directly associated with childhood
stunting and being underweight [35].

In the present study's analysis, the mother's education and wealth status was found to be a protective
factor of malnutrition of the children. Previous studies have proved the strong association between
stunting, wasting, and underweight and a mother's education and wealth status [35, 43]. The knowledge
about nutrition and health of the children rises with years of education of the mother; hence they avoid the
unhygienic practices. Moreover, the probability of utilising the maternal and child health care services
increases with the level of the mother's education and wealth status of the household [44].
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The study found that a household with no toilet facility practices open defecation is a signi�cant
contributor to stunting, wasting, and underweight. The �nding is in line with the previous studies, which
examined the effects of inadequate sanitation facilities on malnutrition [61, 62]. The medical studies
revealed that exposure to inadequate sanitation facilities leads the physiologic damages such as
in�ammation of intestinal tissue, which is responsible for poor nutrient absorption [63, 64]. Moreover,
unimproved sanitation facility of open defecation is a leading contributor to water-borne diseases such as
diarrhoea. Diarrhoea is the second leading cause of child mortality, and each episode of diarrhoea makes
children more malnourished [65]. According to the NFHS report still, 39% of households in India practice
open defecation. Thus an urgent programme is required to universalize the improved sanitation facility to
combat the burden of under nutrition among children.

The study �rst time highlighted the contribution of low birth weight to child malnutrition in India using the
large-scale survey. Although the height and weight of mothers and their children were collected through
anthropometric measurement, the size of the child at the time of birth was reported by the mother's
memory recall. Thus, the study can't ignore the possibility of bias reporting.

Conclusion
The study found that Low Birth Weight has accounted for 19% of stunting, 13% of wasting, and 16% of
being underweighted children. Furthermore, the child's age, mother's height, and education, economic
status, and toilet facility of the household were also found to be important contributors to malnutrition in
India. Although many programmes are going on to control the nutrition status of children, the Indian
government should focus more on control LBW. Since these nutritional events throughout the life cycle are
crucial and cannot be neglected thus the study recommends that government should take all the necessary
steps to implement and monitor some special schemes like the Kangaroo Mother Care (KMC) at the ground
level to reduce the burden of LBW. The in-depth study also suggests that the high prevalence of
malnutrition can also be reduced with the improvement of toilet facilities, mother's nutrition status, and of
course, with the prohibition of child marriage in India.
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Figures

Figure 1

Spatial distribution of Stunting (A), Wasting (B) and Underweight (C) in India, 2015-16.
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Figure 2

Age wise self-reported prevalence of stunting wasting and underweight by birth weight, India 2015-16


