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Abstract 

Background Low birth weight is a key indicator for child health, especially a concern in low-middle-income 
countries. However, health and medically-related reforms are being actively implemented in some middle-
income countries like India. Identifying low birth weight (LBW) babies with their determinants across the whole 
country is essential to formulate regional and area-specific interventions. The objective of this study was to find 
out the burden and determinants of LBW on the regional and residential (rural–urban) divisions of India.

Methods The present study was based on the NFHS-5 dataset (2019–21), a nationally representative survey in India. 
A total of 209,223 births were included in this study. A newborn weighing less than 2500 g was considered as LBW. 
According to the objectives, we used frequency distribution, chi-square test and binary logistic regression analysis 
for analysing the data.

Results About 18.24% of the babies were LBW in India, significantly higher in rural areas than in urban areas (18.58% 
vs 17.36%). Regionally prevalence was more frequent in western (20.63%) and central (20.16%) rural areas. Regarding 
maternal concerns, in the eastern and southern regions of India, mothers aged 25–34 were less likely to have LBW 
children than mothers aged 35–49 years. It was found that the risk of LBW was more likely among the children born 
out of unintended pregnancies in almost all regions except for eastern part. In rural India, women who delivered 
children at home were more likely to have LBW children in India (AOR = 1.19, CI: 1.12–1.28, p < 0.001) and its central, 
northern, and southern regions than those who gave birth in institutions. The study indicates that LBW coexists 
with lower maternal education levels and poor household wealth index across all regions. About 58% and 57% 
of cumulative effects of independent variables on LBW can be distinguished in urban and rural India, respectively.

Conclusions Targeted-specific strategies need to be undertaken as per region and geographical variations. Then 
only India should be able to decline LBW as proposed by National Health Policy.
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Introduction
The birth of a healthy baby signifies an essential bench-
mark for the survival, health, and nutrition of new-born 
life. Lower the birth weight, the higher the risk of sur-
vival along with the risks associated with the growth and 
development of a child [1, 2]. The risks and consequences 
of low birth weight are short-term and long- term con-
tinues from childhood to adulthood, leading to stunted 
growth, impaired mental development, and increased 
risk of chronic diseases later in life [3–5]. Furthermore, 
it also implies the health status of a mother before and 
after childbirth [6]. In the contemporary context of pub-
lic health and community development, low birth weight 
has emerged as a key indicator determining child and 
maternal health [2].

A newborn weighing less than 2500 g is considered low 
birth weight (LBW) [7]. In 2015, the UNICEF-WHO esti-
mated 20.5 million LBW globally, which accounted for 15 
to 20% of all newborns worldwide. Out of which, devel-
oping countries contributed 95.6% in the global context 
[7, 8]. It is a serious concern in low and middle-income 
countries (LMICs) [9]. Region-wise, LBW is reported to 
be highest (28%) in South Asia compared to 13% and 9% 
in sub-Saharan Africa and Latin America, respectively 
[8]. India alone covers nearly 40% of the LBW babies in 
developing countries, and this data has been criticised as 
partial and unreliable data [10].

The underreporting of births at home and small health 
clinics may have resulted in the underrating LBW [11]. In 
2012, the 65th World Health Assembly passed a resolu-
tion setting a target of reducing low birth weight by 30% 
[7]. LBW is also associated with an increase in infant 
mortality in India [4]. According to the National Family 
Health Survey (NFHS-4), 18% of Indian children under 
five were born with LBW [12]. Mothers in LMICs often 
lack access to sufficient nutrition and health care [13]. 
This contributes to a greater risk of LBW in India [14]. 
The Sustainable Development Goals (SDGs) to lower 
infant mortality by 2030 have been reaffirmed [15, 16]. 
However, a lack of region or nation-wise estimation hin-
ders tracking the trends and progress relating to LBW 
status.

The etiology of LBW is known to be multifactorial. 
Different studies have highlighted several contributing 
factors for LBW, including genetic, nutritional, demo-
graphic, and psychosocial factors, preterm birth, mater-
nal morbidity during pregnancy, care during pregnancy, 
obstetric complication, antenatal care, multiple pregnan-
cies, etc. [4, 17, 18]. The prevention and necessary inter-
vention of LBW is of utmost priority from the public 
health lens.

Studies found about 4% decline in LBW from NFHS-3 
to NFHS-4 due to a significant improvement of maternal 

health in India since 2005 by national-level health pro-
grams, but no such improvement of LBW was found 
between NFHS-4 and NFHS-5 [12, 19–21]. According to 
the findings of a study on NFHS-4, LBW was influenced 
by a low family wealth index, lower maternal education, 
and delivery at home, emphasising the need for region-
specific identification of linked factors responsible for 
LBW and strategies to address them [22, 23]. Hence, it is 
crucial to investigate what the region-specific contribut-
ing factors are for the lack of progress in LBW between 
NFHS-4 and NFHS-5.

The focus of this study is to address the prevailing 
informational gap region-wise, revealed by the most 
recent NFHS-5 (2019 – 2021) data. The findings will have 
tremendous policy implications in terms of the nature of 
intervention to be carried out in different regions. The 
present study was carried out to find the burden and 
determinants of LBW based on India’s regional and resi-
dential (rural–urban) divisions.

Methods
Study design and subject
The unit-level data for this study were obtained from 
a cross-sectional survey designated the National Fam-
ily Health Survey of 2019–21 (NFHS-5). This NFHS-5 
was a national household survey conducted in India by 
International Institute for Population Sciences (IIPS) that 
adhered to the DHS’s guiding principles by using stand-
ardised questionnaires, sample strategies, and field meth-
odology [20]. A total of 209,223 births of children under 
the age of five were included in the statistical analysis.

Inclusion and exclusion criteria
This study included only Indian women currently residing 
in India and was of reproductive age (15–49  years). 
Among the chosen women, children under the age of 
five were considered for this study. The study excluded 
women and their children whose sociodemographic or 
anthropometric data were either missing or incomplete. 
The sample selection process for the study was shown in 
the flow chart (Fig. 1).

Unit‑level study variables
Outcome variable
The outcome variable was low birth weight of the under-
five children; it was measured by their birth weight 
(BW), if BW < 2500  g was considered as LBW, and if 
BW ≥ 2500 g was considered normal [24, 25].

Independent variables
These variables were divided into two categories: group-
ing factors and explanatory factors. The six regional divi-
sions of India based on NFHS have been considered as 
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grouping factors and the entire study has been conducted 
based on these zonal distinctions. Socioeconomic, demo-
graphic, and maternal characteristics were included in 
the explanatory factors. Most of the explanatory factors 
were based on prior studies and were available in the 
NFHS-5 dataset.

Operational definition and classifications
The wealth index measured a household’s wealth based 
on the quantity and variety of consumer goods it owns, 
its assets, and housing characteristics, including its access 
to drinking water, toilet facilities, and flooring [20]. The 
distribution was split into five equal groups, with the 
richest families receiving the highest score and the poor-
est receiving the lowest. Full antenatal care was defined 
as four or more antenatal visits, at least one tetanus tox-
oid (TT) injection, and confirmed consumption of iron 
folic acid (IFA) tablets or syrup for at least 100 days [12, 
26]. Body mass index (BMI) was calculated by dividing 
weight in kilogrammes by height in metres squared (kg/
m2). According to the WHO (2004), BMI was classified as 
underweight if it was < 18.5; normal was considered to be 
between ≥ 18 and < 25; and overweight was ≥ 25 [27]. A 

woman was considered anaemic when her haemoglobin 
level was < 11  g per decilitre (g/dl) for pregnant women 
[20]. The social category as specified by the Constitution 
was determined by whether the head of the household 
self-identified as being a member of a scheduled caste 
(SC), scheduled tribe (ST), other backward class (OBC), 
except for these three, were grouped under the general 
category [28, 29].

Statistical analysis
The summary of overall India and urban–rural variation 
of the variables were defined using frequencies and 
percentages for qualitative data. The differences in the 
proportional frequency of LBW between urban and rural 
were analysed using the Z-proportion test. The Chi-
square (χ2) test was used to determine the association 
between low birth weight and socioeconomic, 
demographic, and maternal characteristics regarding 
the urban–rural of residential settings. The variables 
found to be statistically significant by the χ2-test were 
included in binary logistic models as independent 
variables. Independent variables were further examined 
for multicollinearity issues using the variance inflation 

Fig. 1 Sample selection of under-five children for the statistical analysis
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factor (VIF), which was considered less than 5. Statistical 
significance was estimated using a 95% confidence 
interval (CI), and p ≤ 0.05 was considered significant. 
The logistic regression model was validated to see if the 
data fit correctly using the Omnibus Chi-square test 
[30, 31]. Individual effect of the explanatory variable 
was determined using crude odds ratio (COR), and the 
cumulative effect of the adjusting explanatory variables 
were determined using adjusted odds ratio (AOR). 
The model’s accuracy was tested by the sensitivity and 
specificity of the ‘predicted probability’ values and 
receiver operator characteristic (ROC) curve [32]. The 
Youden index (J) was applied to the ROC curve to assess 
the efficiency of explanatory variables in LBW. It is 

defined as Youden’s J = sensitivity + specificity − 1. Higher 
J -values in the evaluations would be preferable [33]. 
All statistical analyses were carried out using Microsoft 
Excel and SPSS (version IBM 25).

Results
Out of the total births of 209,223, about 18.24% of the 
children were born with LBW in India. The proportion 
of newborn having LBW was found to be significantly 
higher in rural areas (18.58%) as compared to the urban 
areas (17.36%) of India (Z-value = 2.72, p = 0.007). 
Additionally, this study estimated that the prevalence 
of LBW in newborns was more prevalent in western 
(20.63%) and central (20.16%) rural areas. In contrast, 

Fig. 2 Rate map showing distribution of LBW by the region based on NFHS-5. A Urban and (B) Rural
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the majority of LBW was comparatively higher in 
northern (19.20%) and central (18.83%) urban areas 
(Fig. 2).

Distribution of independent variables based on LBW
Table 1 shows that the frequency of all explanatory fac-
tors including sociodemographic and maternal factors 
were significantly (χ2-value, p < 0.05) associated with the 
birth weight, irrespective of their place of residence i.e. 
urban and rural. Among the sociodemographic factors in 
urban area, the occurrence of LBW was found to be sig-
nificantly higher among the Hindus (17.93%), Schedule 
Caste group (18.74%), 4th or higher birth order (20.53%), 
pregnancies delivered at home (20.83%), larger families 
with more than four persons (17.59%) and poor wealth 
indexed households (21.01%). Contrarily, sociodemo-
graphic factors in rural areas were found to have a higher 
the occurrence of LBW among the other religious groups 
(21.00%), Schedule castes (19.79%), 1st child (19.56%), 
home birth deliveries (21.68%), smaller families with less 
or equal of 4 persons (19.52%) and households under 
poor wealth index (20.18%).

The results also show that among the maternal factors 
in urban areas, the prevalence of LBW was considerably 
higher among mothers aged 15–24 years (18.11%), unin-
tended pregnancies those were wanted later (21.88%), 
who had attended up to a primary level of education 
(20.19%), had not received full ANC (17.93%), had only 
received ANC during the 2nd trimester (18.28%), was 
underweight (21.55%), and was anaemic (17.69%). Rural 
areas have shown an almost similar trend in maternal fac-
tors, in contrast to urban areas, unlike the factors such as 
mothers with no formal education (20.08%) and mother 
who received ANC in the  3rd trimester had a higher prev-
alence of LBW.

Factors affecting LBW
Tables  2 & 4 shows crude (COR) and 2B & 3B shows 
adjusted (AOR) contribution of explanatory factors on 
LBW by regional divisions using binary logistic regres-
sion. The omnibus chi-square for urban (Table  3) and 
rural (Table  5) areas was significant (p < 0.05) in all 
regional divisions, including India. The correct percent-
age of prediction of the adjusted model for India, Cen-
tral, East, North, Northeast, South and West in the urban 
areas 83.38%, 81.48%, 83.84%, 81.83%, 86.96%, 85.96% 
and 82.49%, while in the rural areas 82.09%, 80.49%, 
82.43%, 82.44%, 85.85%, 84.35% and 80.62%, respectively.

Urban India
Tables  2 and 3 shows the effect of selected 
sociodemographic and maternal factors on LBW in and 

Table 1 Distribution of independent variables based on LBW in 
urban and rural India

Independent 
Variables

Low Birth Weight (< 2500gm)

India
% (n)

Urban
% (n)

Rural
% (n)

Grouping factor
 Region

  Central 19.88 (11,181) 18.83 (2251) 20.16 (8929)

  East 17.61 (9027) 16.98 (1587) 17.75 (7441)

  North 18.71 (5415) 19.20 (1760) 18.49 (3656)

  Northeast 14.93 (1121) 13.84 (160) 15.14 (962)

  South 16.04 (6026) 15.16 (2238) 16.60 (3788)

  West 19.48 (5397) 17.87 (2052) 20.63 (3345)

  χ2-value 
[p-value]

326.12 [< 0.001] 102.28 [< 0.001] 246.47 [< 0.001]

Explanatory factors
 Religion

  Hindu 18.55 (30,987) 17.93 (7672) 18.76 (23,315)

  Muslim 16.83 (5534) 15.88 (1963) 17.40 (3571)

  Christian 15.85 (691) 15.11 (199) 16.17 (492)

   Othera 19.35 (955) 15.21 (213) 21.00 (742)

  χ2-value 
[p-value]

75.18 [< 0.001] 37.48 [< 0.001] 46.86 [< 0.001]

 Social category

  Schedule tribe 18.76 (3893) 14.71 (362) 19.30 (3531)

  Schedule caste 19.54 (9328) 18.74 (2146) 19.79 (7182)

  OBC 17.79 (16,171) 17.30 (4369) 17.98 (11,802)

  General 17.32 (6627) 16.34 (2477) 17.96 (4151)

  χ2-value 
[p-value]

91.90 [< 0.001] 37.80 [< 0.001] 62.89 [< 0.001]

 Birth order

  1st 18.92 (16,090) 17.44 (4442) 19.56 (11,649)

  2nd 17.50 (12,531) 16.61 (3515) 17.87 (9017)

  3rd 17.75 (5470) 17.54 (1270) 17.82 (4199)

   ≥ 4th 18.73 (4075) 20.53 (820) 18.32 (3255)

  χ2-value 
[p-value]

61.45 [< 0.001] 36.55 [< 0.001] 64.33 [< 0.001]

 Place of delivery

  Home 21.56 (2660) 20.83 (370) 21.68 (2290)

  Institution 18.03 (35,430) 17.23 (9648) 18.35 (25,782)

  χ2-value 
[p-value]

96.75 [< 0.001] 15.58 [< 0.001] 71.83 [< 0.001]

 Family size

   ≤ 4 18.65 (10,176) 16.83 (2970) 19.52 (7206)

   > 4 18.10 (27,990) 17.59 (7077) 18.28 (20,914)

  χ2-value 
[p-value]

8.30 [0.004] 4.97 [0.026] 28.65 [< 0.001]

 Wealth Index

  Poor 20.25 (18,463) 21.01 (1505) 20.18 (16,958)

  Middle 17.47 (7378) 18.48 (1817) 17.17 (5561)

  Rich 16.26 (12,325) 16.45 (6725) 16.04 (5601)

  χ2-value 
[p-value]

461.96 [< 0.001] 98.72 [< 0.001] 334.25 [< 0.001]
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across different urban regions of India. In and across 
different regions of urban India, religion, social category, 
birth order, wealth Index, intended pregnancy, mother’s 
education, received full ANC, timing of first ANC visit, 
and mother’s BMI were common significant factors 

for both crude and adjusted odds that affect LBW. The 
timing of first ANC visit had showed significant impact 
only in urban areas while considering crude and adjusted 
odds.

Concerning the religion and social categories in urban 
areas of urban India, children in religious Muslims 
(COR = 0.86, CI: 0.82–0.91, p < 0.001; AOR = 0.76, CI: 
0.70–0.82, p < 0.001) and STs (COR = 0.88, CI: 0.78–1.00, 
p = 0.043; AOR = 0.79, CI: 0.68–0.91, p = 0.001) had a 
significantly lower risk of LBW than Hindus and Gen-
eral social category, respectively. Furthermore, it appears 
in the cumulative effect based on AOR that Christians 
were over four times more likely to suffer from LBW in 
the urban area of central and western India, while Mus-
lim children were less likely to experience it in the east-
ern, northern, and western regions, and other religious 
groups experienced it more likely (over five times) than 
Hindu children in the southern region. Compared to 
children from general castes, SCs in east (COR = 1.46, CI: 
1.26–1.69, p < 0.001; AOR = 1.31, CI: 1.08–1.59, p = 0.007) 
and OBCs in south (COR = 1.26, CI: 1.07–1.47, p = 0.004; 
AOR = 1.22, CI: 1.00–1.47, p = 0.047) were more likely to 
be suffered from LBW. The probability of LBW was sig-
nificantly reduced in the 2nd and 3rd child in urban India 
including west region, and more or equal of 4th children 
in the east region based on AOR. In urban western India, 
children who born at home were more likely to have 
LBW (COR = 1.47, CI: 1.07–2.03, p = 0.017; AOR = 1.94, 
CI: 1.27–2.95, p = 0.002) than the healthcare institutions. 
In both unadjusted and adjusted conditions, compared to 
mothers from the rich wealth indexed family, the lower 
category (poor and middle class) were more likely to have 
LBW children in the central, east, north, south and west 
regions.

Regarding maternal concerns, in the southern regions 
of India, mothers aged 25–34 were less likely to have 
LBW children (COR = 0.80, CI: 0.69–0.93, p = 0.004; 
AOR = 0.79, CI: 0.66–0.95, p = 0.012) than 35–49 years. It 
was found that the risk of LBW was more likely among 
the unintended pregnancies in almost all regions except 
for eastern and northeastern part for both COR and 
AOR. Mother’s educational status was one of the most 
influential factors for LBW in urban area. Compared to 
higher educated mothers in central, east, north, south, 
and west regions of India the lower educated mothers 
were more likely to have LBW children based on COR 
and AOR. Also LBW was more prevalent among children 
whose mothers did not receive full ANC in urban India 
(COR = 1.21, CI: 1.15–1.27, p < 0.001; AOR = 1.13, CI: 
1.07–1.19, p < 0.001) and western region (COR = 1.26, 
CI: 1.13–1.40, p < 0.001; AOR = 1.25, CI: 1.11–1.42, 
p < 0.001). Based on COR and AOR, the prevalence of 
LBW was also enhanced in the central, eastern, northern, 

Table 1 (continued)

Independent 
Variables

Low Birth Weight (< 2500gm)

India
% (n)

Urban
% (n)

Rural
% (n)

 Mother’s age group (years)

  15–24 19.84 (13,818) 18.11 (2721) 20.31 (11,096)

  25–34 17.44 (21,453) 17.07 (6340) 17.60 (15,113)

  35–49 17.47 (2896) 17.27 (986) 17.58 (1910)

  χ2-value 
[p-value]

177.99 [< 0.001] 8.07 [0.018] 169.40 [< 0.001]

 Intended pregnancy

  Wanted then 18.03 (34,446) 17.08 (9094) 18.39 (25,352)

  Wanted later 21.13 (2093) 21.88 (567) 20.87 (1526)

  Wanted 
no more

19.78 (1628) 19.01 (386) 20.04 (1242)

  χ2-value 
[p-value]

74.54 [< 0.001] 43.61 [< 0.001] 37.17 [< 0.001]

 Mother’s education

  No education 20.10 (7824) 20.19 (1162) 20.08 (6663)

  Primary 20.63 (5125) 22.98 (1181) 20.02 (3944)

  Secondary 18.24 (20,112) 17.46 (5246) 18.54 (14,866)

  Higher 14.50 (5104) 14.52 (2458) 14.49 (2647)

 χ2-value [p-value] 515.25 [< 0.001] 240.79 [< 0.001] 278.73 [< 0.001]

  Received full ANC

  Yes 16.09 (8590) 15.30 (3031) 16.56 (5560)

  No 18.54 (19,999) 17.93 (4852) 18.74 (15,147)

  χ2-value 
[p-value]

146.35 [< 0.001] 56.50 [< 0.001] 75.91 [< 0.001]

 Timing of first ANC visit

  1st trimester 17.25 (19,946) 16.27 (5832) 17.69 (14,114)

  2nd trimester 18.44 (5456) 18.28 (1237) 18.49 (4219)

  3rd trimester 18.69 (1479) 18.18 (454) 18.91 (1024)

  χ2-value 
[p-value]

30.53 [< 0.001] 20.83 [< 0.001] 11.51 [0.003]

 Mother’s BMI (kg/m2)

  Underweight 22.00 (8467) 21.55 (1428) 22.09 (7040)

  Normal 17.75 (21,919) 17.08 (5327) 17.97 (16,593)

  Overweight & 
Obese

16.09 (6445) 16.34 (2741) 15.91 (3705)

  χ2-value 
[p-value]

508.40 [< 0.001] 94.64 [< 0.001] 391.95 [< 0.001]

 Mother’s Anaemia

  Non anaemic 17.69 (14,331) 17.00 (4134) 17.99 (10,197)

  Anaemic 18.60 (22,088) 17.69 (5205) 18.90 (16,883)

  χ2-value 
[p-value]

26.35 [< 0.001] 4.39 [0.036] 18.80 [< 0.001]

a Sikh, Buddhist/Neo-Buddhist, Jain, Jewish, Parsi/Zoroastrian, No religion, and 
Other
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and western regions by receiving the first ANC visit after 
the 1st trimester. Maternal underweight was found to be 
a common risk factor for LBW in all regions of India both 
for COR and AOR, with the highest prevalence occurring 
in the northeastern region (COR = 1.91, CI: 1.22–3.00, 
p = 0.005; AOR = 1.98, CI: 1.09–3.60, p = 0.025). Anaemic 
mothers were more likely to have LBW children in the 
northeast region (COR = 1.74, CI: 1.21–2.50, p = 0.003; 
AOR = 1.82, CI: 1.12–2.93, p = 0.015). The place of 
delivery and mother’s anemia had significant individual 
impact on LBW in urban India but became non-
significant when adjusted for other variables.

Rural India
Similar to urban areas, Tables 4 and 5 exhibits how cer-
tain sociodemographic and maternal factors affect LBW 
in rural India. In and across different regions of rural 
India, religion, social category, birth order, place of 
delivery, family size, wealth Index, mother’s age group, 
intended pregnancy, mother’s education, received full 
ANC, and mother’s BMI were common significant fac-
tors for both crude and adjusted odds that affect LBW. 
The factors such as place of delivery, family size and 
mother’s age group showed significant impact only in 
rural areas while considering crude and adjusted odds.

In comparison to Hindu children, Muslims and Chris-
tians were more likely to have LBW in the rural cen-
tral and north regions based on COR and AOR. LBW 
was more common among the other religious groups 
in the northern and western regions and also in the 
overall country (COR = 1.15, CI: 1.06–1.25, p = 0.001; 
AOR = 1.26, CI: 1.14–1.40, p < 0.001). According to AOR, 
the prevalence of LBW among the STs was less com-
mon in rural India, including central, east, and northeast 
regions but more prevalent in the west compared to the 
general caste category. The probability of LBW remained 
lower among children following the birth of the first child 
in rural India, including central, eastern, southern, and 
western regions based on both COR and AOR. The child 
who born at home were more likely to have LBW in rural 
India (COR = 1.23, CI: 1.17–1.29, p < 0.001; AOR = 1.19, 
CI: 1.12–1.28, p < 0.001) compare to institutional birth, 
including central, north, and south regions for both COR 
and AOR. Family size was a significant factor for LBW; 
the probability of LBW was lower in households with 
more than four people in rural India (COR = 0.92, CI: 
0.89–0.95, p < 0.01; AOR = 0.94, CI: 0.91–0.98, p < 0.01), 
including central, and eastern regions for both COR 
and AOR. Mothers from poor families were more likely 
to have LBW children than rich families in rural India, 
including central, east, south and west for both COR and 
AOR.

The LBW children were more likely found among 
the mothers aged 15–24  years compared to aged 
35–49  years in rural India (COR = 1.19, CI: 1.13–1.26, 
p < 0.01; AOR = 1.11, CI: 1.03–1.20, p < 0.01), including 
western regions based on COR and AOR. Unintended 
pregnancies significantly increased the chances of LBW 
in east and west India for both COR and AOR. Mothers 
with lower levels of education were more likely to have 
LBW children in and across India compared to higher-
educated mothers, except for the northeastern region in 
AOR. The risk of LBW was higher among mothers who 
did not receive full ANC in overall rural India including 
central and northern regions based on COR and AOR. 
In northern region, the risk of LBW was significantly 
increased when mothers visit for the first ANC after 1st 
trimester in rural north India both for COR and AOR. 
LBW more likely found among the underweight mothers 
in and across rural regions of India both for COR and 
AOR. Based on COR and AOR, maternal anaemia 
increase the chances of LBW in rural central India 
(COR = 1.09, CI: 1.04–1.15, p < 0.01; AOR = 1.08, CI: 
1.02–1.15, p = 0.011).

Area under the ROC curve: an impact 
of explanatory factors on LBW
The overall effect of the predicted probability of 
independent variables on LBW, which is vary by region 
shown in Table  6 and the ROC curve below (Fig.  3A, 
B). Predicted probability levels showed the cumulative 
impact of all independent variables on the dependent 
variable, known as LBW. The independent variables had 
a significant impact (AUC, p < 0.001) on LBW because 
the AUC of predicted probability for the independent 
variables in each curve was larger than 50%. In the urban 
area of northeast India, with an AUC value of 67%, and 
the rural area of west India with an AUC value of 60%, 
the predicted probability of independent variables had 
the maximum impact. However, the AUC shows that 
58% and 57% cumulative effects of independent variables 
on LBW can be distinguished in urban and rural India, 
respectively. Youden’s J indicates there was a minor but 
discernible impact of the explanatory variables on LBW.

Discussion
Low birth weight remains a public health challenge in 
LMICs, including India; thus its burden and determinants 
in different geographic regions need to be known to 
the stakeholders. The study indicated that although the 
prevalence of LBW has decreased from the NFHS-3 
(2005–06) level of 21.5% to 18.24% in the NFHS-5, it 
has essentially remained stable from NFHS-4 (18.2%) to 
NFHS-5 [12, 20, 21]. The prevalence was comparatively 
higher in rural areas (18.58%) than its urban counterpart 
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(17.36%) in NFHS-5, which was equivalent to NFHS-4 
(Urban 17.6% and Rural 18.5%). Based on NFHS-5, the 
prevalence remains critical, especially for rural western 
(20.63%), central (20.16%) regions, and urban northern 
(19.20%), central (18.83%) regions.

Sociodemographic and maternal factors were found 
to be significantly associated with the prevalence of 
LBW regardless of rural or urban area. In both rural 
and urban areas, the social category was found to be 
a significant predictor for LBW, particularly for the 
Schedule Caste group. The other most common fac-
tors for urban and rural areas were pregnancies deliv-
ered at home and households with poor wealth index, 
similar trend has been found from the studies from 
sub-Saharan Africa, Ethiopia, Sri Lanka, and Bangla-
desh [34–37]. Other religious groups, such as Sikhs, 
Buddhists, and Jains, others were shown to have a 
substantial impact on LBW in rural regions under the 
social category factor; in contrast, 4th or higher birth 
orders were found to have a significant impact on LBW 
in urban areas. In contrast, in urban area 4th or higher 
birth order was found to have crucial impact on LBW.

Furthermore, it seems that in both urban and rural 
areas, maternal education and ANC become a common 
factor influencing LBW in the case of maternal 
variables. The study indicated that lower maternal 
education had a substantial impact on LBW in both 
rural and urban areas. Similar findings have shown that 
lower mother education levels and LBW of children 
coexist in a number of LMICs, including Ethiopia, 
Bangladesh, Kenya, Zambia, Pakistan, and Guatemala 
[34, 38–40]. Children with LBW were more prone 
to be born from unexpected pregnancies that were 
wanted later and from babies born to young mothers. 
Studies conducted in other LMICs, including Kenya, 
Brazil, and Turkey, have shown the effectiveness of 
lower mother ages in LBW [39–42]. Other influential 

factors that increased the risk of LBW in children 
were maternity care services. Mothers who did not 
receive full ANC and visited ANC after 1st trimester 
showed an increased prevalence of LBW, indicating 
that the ANC had a significant impact on LBW. Studies 
conducted in Brazil and Bangladesh also shown that the 
LBW and the lack of ANC coexisted [41, 43].

Regionally, Christians were four times more prone to 
have LBW in urban central and western India, and other 
religious groups were almost five times more likely in the 
Southern region. In contrast, Christians from the South 
and Muslims from the Central region had higher rates 
of LBW in rural areas. Therefore, this disparity could 
be influenced by religious practises, which varies across 
regions in India. The backward section of contemporary 
society, including SCs in the eastern, OBCs in the south-
ern urban areas, and STs in the western rural areas, had 
a disproportionately high risk of having LBW children. 
Birth order was a significant risk factor that enhanced 
the incidence of LBW in the northern region. The chance 
of LBW was more significant for mothers in the western 
region who delivered at home. Some studies suggested 
that inappropriate health-seeking behaviour and a lack 
of access to improved healthcare facilities may indirectly 
impact a child’s birth weight [44].

The current study shows that mothers from low- and 
middle-income groups in rural and urban areas were 
more likely to deliver children with LBW. Additionally, 
the LBW of children was found to be associated with 
mothers’ anaemia levels and nutritional status (BMI). 
Underweight mothers were more vulnerable to have 
LBW in all regions, particularly in urban northeastern 
regions. Similarly, in urban northeast and rural central 
region anaemic level of mothers have higher impact on 
LBW. The availability of public health professionals, 
infrastructure, modern health care facilities, and public 
awareness varied by regions in India [45, 46]. This seems 

Table 6 Area under curve (AUC) based on the impact of predicted probability on LBW

Under the nonparametric assumption

Null hypothesis: true area = 0.5

Country/
Regions

Urban Rural

AUC (95% CI) p-value J‑value AUC (95% CI) p-value J‑value

India 0.58 (0.57, 0.59)  < 0.001 0.13 0.57 (0.56, 0.57)  < 0.001 0.10

Central 0.60 (0.59, 0.62)  < 0.001 0.18 0.57 (0.56, 0.58)  < 0.001 0.10

East 0.63 (0.61, 0.65)  < 0.001 0.22 0.59 (0.59, 0.60)  < 0.001 0.14

North 0.61 (0.59, 0.62)  < 0.001 0.17 0.57 (0.56, 0.59)  < 0.001 0.11

Northeast 0.67 (0.61, 0.73)  < 0.001 0.26 0.58 (0.54, 0.61)  < 0.001 0.15

South 0.59 (0.57, 0.60)  < 0.001 0.14 0.58 (0.57, 0.59)  < 0.001 0.12

West 0.62 (0.60, 0.63)  < 0.001 0.20 0.60 (0.58, 0.61)  < 0.001 0.16
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to be a contributing factor to the regional difference in 
LBW. However, some factors that coexisted consistently 
with LBW from NFHS-3 to NFHS-5 and persisted across 

geographies, such as maternal education, nutritional sta-
tus, antenatal care, and a poor wealth index, need to be 
addressed in order to reduce the prevalence of LBW in 

Fig. 3 A AUC for predicted probability of the independent variables on LBW. B AUC for predicted probability of the independent variables on LBW 
by regions. A Urban and (B) Rural
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India [19, 47]. The present study revealed a consistent 
trend to that observed in NFHS-4, where poor household 
wealth index, low maternal education in the central and 
eastern region were more prevalent and had a substantial 
impact on LBW [22].

Strengths and limitations of the study
The study has precisely presented the region-wise 
picture of low birth weight children with its determi-
nants based on the most recent DHS Survey of India, 
conducted between 2019 and 2021. This provides an 
opportunity to develop region-specific policies or 
revise the existing policies to address the age-old prob-
lem of LBW in India. The study highlighted regional 
division because each region has differences based on 
geographic location, language, culture, climate, eth-
nicity, and historical context that separate one region 
from another. The values of AUC and Youden J index 
indicates that the predicted probability of the selected 
independent variables on LBW was substantial but low. 
So, there may be some potential confounders apart 
from the studied variables which may have effect on 
LBW. In our next study, we will aim to identify those 
factors, which could include ecological patterns, epide-
miological trends, social norms, values, traditions, and 
practises. Additionally, if a similar kind of study can be 
conducted on each state, then state-specific policies 
can be developed in the country. However, more stud-
ies and research needs to be undertaken to understand 
the holistic picture of various issues particularly associ-
ated with low birth weight in India. We did not check 
the variation of our outcome variable among different 
regions in India, if the there was a variation, the mul-
tilevel logistic regression model was more appropriate. 
Furthermore, in this study efforts have been made to 
capture the various factor’s associations and compari-
sons in different layers of regional divisions. Hence, it 
paved the way with a substantial contribution towards 
exploring and understanding varied factors contribut-
ing towards the stagnant burden of low birth weight in 
India.

Conclusion
There has been a gradual decline in the burden of LBW in 
India over a period of time, but there has been hardly any 
significant decline in its occurrence compared to NFHS-4 
data. Thus targeted specific strategies need to be under-
taken as per region and residential areas. Approaches 
should have been region and residential area specific. 
More emphasize needs to be given on addressing mater-
nal health including nutritional status, improving mater-
nal education and uplifting economic status that was 

found persistent form NFHS-3 to NFHS-5. Then only 
India should be able to reduce LBW as desired, which 
has also been emphasised by National Health Policy. The 
present study will promote the nation in achieving five 
of the United Nations’ seventeen Sustainable Develop-
ment Goals: no poverty, zero hunger, good health and 
well-being, quality education, and reduced inequalities. A 
trend analysis is required as it appears that the LBW issue 
in the country has almost stagnated over the last 5 years.
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