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Abstract
Objective  Skilled birth attendance and place of delivery have a significant effect on child growth. The present paper 
examined the mode of delivery and its impact on child health among children 0–59 months in India.

Methods  A total of 200,794 samples were used in the study. Among them, 45,784 births were delivered by C-section, 
and the remaining 150,010 births were delivered through normal delivery. Life table estimation of mortality, as well as 
bivariate and multivariate logistic regression, were used to identify the association between child health and mode of 
delivery using data from the fifth round of the National Family Health Survey conducted in 2019-21.

Results  The study results indicate that children born through normal delivery had significantly lower rates of 
stunting, wasting, and underweight compared to those born via C-section. Additionally, the likelihood of a new-born 
baby dying during the neonatal period was higher for those delivered by C-section compared to those delivered 
vaginally, which holds true for various background characteristics. Mothers with a 3rd or higher order birth who 
deliver via C-section face a higher risk of their baby dying during the neonatal and infant periods compared to those 
with a 2nd order birth.

Conclusion  The conclusion of the study found that C-section delivery may adversely affect child undernutrition 
as compared to normal birth. These findings would help formulate the policies and implement actions that would 
improve the quality of painless labor and immediate delivery in health facilities particularly public hospitals and shall 
reduce the C-section birth.
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Introduction
Child undernutrition and mortality are serious health 
issues in low- and middle-income countries like India. 
According to a global report from 2017, nearly 151 mil-
lion children, or 22%, were stunted [1], and 45% of child 
deaths occurred in those under the age of five [2, 3]. The 
global report on child malnutrition in developing coun-
tries revealed that undernutrition, infectious diseases, 
household environments, and different modes of birth 
delivery (C-section and vaginal) are major causes of child 
malnutrition and early mortality [4]. Human births can 
occur through various delivery methods, including nat-
ural delivery, assisted delivery, institutional C-section 
births, and C-section births influenced by social factors 
[5]. A growing number of studies suggest that “C-section 
birth delivery has a negative impact on maternal and child 
health outcome” [6–11]. The World Health Organization 
(WHO) recommended that “the utilization of C-section 
birth should lie between 5 to 15% in any population with-
out any negative health impact” [12–17]. A rate below 5% 
indicates that the women do not have access to surgical, 
obstetric, and unmet needs for skilled delivery services 
[18]. And it is a good sign for saving infants and mothers 
in emergency obstetric circumstances and also reduces 
the risk of maternal and neonatal mortality [19]. While 
rates above 15% inform that both mother and newborn 
babies have lower safety and increases the risk of mor-
tality and further superimpose a financial burden in the 
family and creates the clinical risks on the healthcare sys-
tem [20–24]. Polidano et al. (2017) suggested that C-sec-
tion birth may be directly and indirectly linked with the 
negative cognitive development [25]. Indirect links with 
asthma, type I diabetes, allergies [26–28], and obesity 
[29] have also been associated with poor learning and 

academic performance [30, 31]. Additionally, a direct 
association may occur through the infant’s gut micro-
biota” [25]. An early study by Rowe-Murray and Fisher 
(2002), found that babies born through C-section were 
less likely to have immediate skin-to-skin contact with 
their mothers after birth and were more likely to experi-
ence a delay in breastfeeding within the first 24  h post-
delivery” [32].

Worldwide C-section birth deliveries have increased 
and varied across different countries due to diverse 
socio-economic factors and differential health care ser-
vices. The ratio is even higher in Asian countries than in 
others. In Ghana C-section, birth delivery increased from 
3 to 23% from 2003 to 2014 [33, 34]. In Iran, the propor-
tion of C-section birth operations is around 40.0% [35], 
and China is 34.9% [36], Brazil contributes the highest 
percentage, with C-section birth delivery accounting for 
56%, and in the private sector it is close to 90% [37]. The 
Fig. 1 shows the global report of C-section delivery and 
found India has 17.2% of C-section births which is lower 
than the other countries like Brazil and China [38]. The 
low coverage of maternal healthcare utilization is one of 
the crucial factors that may affect child health negatively.

Currently, there is a significant debate regarding the use 
of surgical procedure for birth delivery among women in 
private and public health institutions. Some studies sug-
gested normal vaginal delivery [39–41] whereas others 
recommended C-section birth delivery [42]. Studies also 
suggested, “that vaginal delivery is commonly associated 
with the postpartum hemorrhage [41] whereas postpar-
tum morbidity occurs most commonly due to C-section 
birth delivery” [40]. In addition, normal vaginal deliv-
ery plays the inevitable role of physiological process for 
human reproduction and it has positive signs for human 

Fig. 1  Spatial variation of C-Section birth
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health as compared to C-section birth delivery. For 
example, in normal birth or vaginal delivery, infants have 
early contact with the mother, and start breastfeeding 
within 2 hour, which is an important requirement for a 
child’s psychological development process [43]. While, in 
C-section birth is an unnatural process of delivery and it’s 
associated with an increased risk of ‘endometritis’, ‘pneu-
monia’, and other diseases, which have adverse effects 
on the psychological development of new-born babies 
[5, 41]. Therefore, the present paper aims to identify the 
impact of child health due to different sections of birth of 
delivery in India.

Methodology
Data
The present study used the data from the fifth round of 
the National Family Health Survey (NFHS-V) which 
was conducted in 2019-21 under the Ministry of Family 
Health and Wealth fare (MoHFW) in Govt. of India. The 
NFHS is one of the important large-scale demographic 
health surveys in India which provides sufficient infor-
mation about fertility, mortality, nutritional status, family 
planning, and health care utilization. The survey carried 
out two stage sampling design in rural areas and three-
stage sampling design in urban areas. In rural areas, vil-
lages were selected based on probability proportional 
to size (PPS) sampling scheme in first stage and second 
stage using systematics sampling of each household in the 
villages. In urban areas, first wards were selected based 
on PPS sampling after that census enumeration blocks 
(CEB) were selected at the second stage and in the final 
stage systematic sampling technique adopted for selected 
each household in urban areas. The total 200,794 samples 
were used from the kids file in the last five years pre-
ceding the survey with the women age group of 15–49. 
Among of them 45,784 birth delivered by C-section and 
reaming 150,010 birth delivered through normal section. 
During the survey, all women were provided with com-
plete birth history including sex, date of live birth, and 
survival status of each live birth. Detailed information 
was available in the national report [38].

Outcome variables
The child’s health is the main outcome variable study. 
For child health, study has considered the mortally vari-
ables such as Neo-natal and Infant mortality and nutri-
tional variables like stunting, wasting, underweight and 
anemia. The neo-natal mortality is defined as the death 
of newborn babies within 28 days of life after birth, while 
infant mortality is defined as the death of a newborn baby 
before reaching 12 months. Childhood malnutrition is 
measured using standard indicators such as height-for-
age (HAZ), weight-for-age (WAZ), and weight-for-height 
(WHZ), along with anemia. Stunting is defined as a HAZ 

score of less than − 2 SD, wasting as a WHZ score of less 
than − 2 SD, and underweight as a WAZ score of less than 
− 2 SD. All these child malnutrition indicators, based on 
Z-scores, are calculated using the WHO-recommended 
reference population [44]. These variables were classified 
as dichotomous, where ‘0’ indicates no stunting, wasting 
and underweight (Z ≥ -2 standard deviations) and ‘1’ indi-
cates stunting, wasting and underweight (Z < -2 standard 
deviations). Mortality was also coded as ‘1’ if the baby 
died and ‘0’ if the baby survived. And finally, children’s 
anemia level is defined as a hemoglobin level < 110 g/L.

Explanatory variables
The place delivery used primary independent variables 
in the study. The present study only considered institu-
tional birth delivery in either public or private hospitals. 
Birth deliveries at home are excluded from study. In the 
NFHS-V survey questionnaire, place of delivery have 
been identified by following categories: “Public Hospital 
(government hospital, government health center, gov-
ernment health post or other public sectors); or Private 
Medical Sector (private hospital or clinic, other private 
medical facilities)” [38]. And birth delivery is categorized 
by c- section or a normal vaginal section. The growing 
number of literature suggested that the bio-demographic 
and socio-economic factors had a significant impact on 
child health by C-section birth and normal birth deliv-
ery [45–48]. The following variables were included in the 
study as independent variables: breastfeeding initiation, 
considered a continuous variable, defined as the time in 
hours within the first 24  h after birth when breastfeed-
ing begins; duration of breastfeeding, measured as 12 to 
16 weeks. And other variables are mother’s age at birth 
(15–19 years; 20–29 years, 30–39 years and 40–49 years), 
preceding birth interval (< 24 months and > 24 months), 
birth order (1; 2; and 3), place of residence (urban; rural), 
household wealth (poorest; poorer; middle; richer and 
richest) and birth delivered by doctors or nurses. The 
Fig. 2 shows the variable description in the study.

Statistical analysis
The present study carried out a comparative analysis of 
the impact of mode of delivery on child nutritional sta-
tus and mortality. The bivariate analysis such as cross 
tabulation, chi-square test were carried out between total 
number of birth and child nutrition (stunting, wasting, 
under-weight, anemia and breast-feeding) with differ-
ent section of birth delivery. Further, the life-table tech-
nique was developed for estimated neonatal and infant 
mortality rates on CMC birth history of the variables by 
different sections birth delivery. Binary logistic regres-
sion models were used to identify the odds of normal 
and cesarean birth on facility-based delivery. Besides 
those women who delivered their childbirth by cesarean 
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section or normal section were coded as ‘1’ and ‘0’ if oth-
erwise. For multi- variate analysis, multivariate logistic 
regression models were constructed separately for each 
mortality variable. The results of the regression analysis 
were presented by Odds ratios (OR) with 95% confidence 
intervals (CI). All statistical analysis was performed by 
statistical software in STATA ® (version 17.0).

Results
Table 1 shows the total number of births delivered by dif-
ferent sections of the place of delivery along with their 
background characteristics. It was found that the moth-
ers aged 15–19 years had the highest number of birth 
delivered by normal delivery for both public and private 
hospitals, where public hospitals birth delivered in nor-
mal section was 88%, and C-section was 12%, while in 
private hospital birth delivered in same sections were 58% 
and 42% respectively. On the contrary, the highest per-
centage of C-section births were delivered in both private 
(51%) and public hospitals (17%) in mother’s aged above 
30 years. Because the mothers aged above 25 years are 
more capable of giving birth through C-section delivery 
as compared to the immature mother of age group below 
19 years. Those mothers, who were given birth more 

than 24 months of preceding birth interval, had a higher 
percentage of birth delivered in C-section as compared 
to those who have given birth in less than 24 months of 
birth interval. Another interesting finding is that as birth 
orders increase, the rate of C-section deliveries declines 
while the rate of vaginal deliveries rises. This trend may 
be attributed to families, particularly those from Muslim 
backgrounds who desire larger families, showing a pref-
erence for vaginal births over C-sections. The C-section 
births delivered were higher in urban residents as com-
pared to rural residents (50.3% vs. 46%) because of the 
availability of medical facilities and accessibility in trans-
port facilities. Household wealth plays a dominant role 
for choice of birth delivery method. Families from the 
wealthiest backgrounds prefer C-sections more than 
those from the poorest backgrounds (43.85% vs. 24.34%). 
C-sections were most commonly performed by doctors 
in both private and public hospitals, with rates of 42.35% 
and 16.32%, respectively, compared to births delivered by 
nurses.

Table  2 presents the neonatal and infant mortality 
rates across different birth delivery methods in public 
and private hospitals, along with their bio-demographic 
and socio-economic characteristics. The results show 

Fig. 2  Variables description
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that neonatal and infant mortality rates varied across 
the socio-economic and bio-demographic characteris-
tics and the place of delivery. The overall result indicates 
that neonatal and infant mortality rates both were lower 
for C-section deliveries compared to normal deliveries 
at both private and public hospitals. Those mothers who 
had given birth in the age group 15–19 years had higher 
infant and neonatal mortality rates as compared to those 
who had given birth in the age group of 25–29 years. The 
higher number of birth order has increased the neona-
tal and infant mortality rate in C-section birth as com-
pared to normal section birth at both places of delivery 
(Fig.  3). This may be explained by better utilization of 
full antenatal, safe delivery, and postnatal care among 
women with their first childbirth compared to those 
with previous childbirth experiences. The infant mortal-
ity rate in rural residences was higher as compared to the 
urban residence. The accessibility and affordability of the 
health care services also are the major factors that cre-
ate the urban-rural divide in health care utilization. The 
lower use of health care services in the rural areas may be 
due to a number of obstacles such as the cost of care, low 
awareness of health-promoting behaviour and the trans-
portation cost that contribute to higher rates infant and 
neo-natal mortality. The lack of motivation among health 

providers and poor communication between healthcare 
providers and patients are also among the important 
hurdles in the utilization of maternal health care services 
in the rural areas of India. Families from the wealthiest 
backgrounds had lower neonatal and infant mortality 
rates compared to those from the poorest backgrounds.

Table 3 presents overall child growth outcomes based 
on birth delivery methods. It was found that child under-
nutrition like stunting, wasting, underweight, and ane-
mia were lower for birth delivered in normal section as 
compared to C-section. For example, the percentage of 
stunting at C-section birth delivery was 37.2% and nor-
mal delivery 28.3% (Fig.  4). Similarly the percentage of 
wasting and underweight at C-section and normal deliv-
ery were 19.1%, 16.7%, 32.6%, and 24.1% respectively. 
Furthermore 17% of normal birth delivery children have 
continued their breast-feeding more than 16 week. Again 
the initiation of breast-feeding after the birth within the 
first 24 h was higher in normal section delivery than the 
C-section delivery (48.6% vs. 30.4%) respectively.

Table 4 presents the odds ratio for neonatal and infant 
mortality by C-section and normal birth at different 
places of delivery along with their background charac-
teristics. The results suggested that the chances of a baby 
dying respectively in the neonatal and infant periods in 

Table 1  Total number of births (%) delivered by different sections in place of delivery along with demographic and socio-economic 
background characteristics in India, 2019-21
Background characteristic’s Private Hospital Public Hospital

C-section birth
N (%)

Normal birth C-section birth N (%) Normal birth
N (%) N (%)

Mother’s age at birth
15–19 367 (41.85) 510 (58.15) 450 (11.58) 3,435 (88.42)
20–24 5,802 (44.04) 7,371 (55.96) 5,762 (12.61) 39,927 (87.39)
25–29 9,707 (47.29) 10,819 (52.71) 8,696 (14.52) 51,198 (85.48)
30+ 8,113 (50.96) 7,806 (49.04) 6,887 (16.87) 33, 944 (83.13)
Preceding birth interval
< 24 months 2,435 (39.55) 3,722 (60.45) 2,301 (9.65) 21,554 (90.35)
> 24 months 9,040 (45.25) 10,937 (54.75) 8,794 (13.00) 58,853 (87.00)
Birth order
1 12,232 (50.99) 11,755 (49.01) 10,555 (18.06) 47,884 (81.94)
2 8,693 (50.08) 8,665 (49.92) 8,135 (16.20) 42,076 (83.80)
3+ 3,064 (33.49) 6,086 (66.51) 3,105 (7.46) 38,544 (92.54)
Place of residences
Rural 15,247 (46.05) 17,861 (53.95) 15,690 (12.69) 107,919 (87.31)
Urban 8,742 (50.28) 8,645 (49.72) 6,105 (22.87) 20,5858 (77.13)
Household wealth
Poorest 1,508 (35.75) 2,710 (64.25) 2,661 (6.36) 39,164 (93.64)
Poorer 3,023 (41.50) 4,261 (58.50) 4,593 (11.93) 34,413 (88.22)
Middle 4,718 (47.93) 5,125 (52.07) 5,616 (17.88) 25,876 (82.12)
Richer 6,548 (50.07) 6,529 (49.93) 5,317 (22.07) 18,774 (77.93)
Richest 8,192 (50.97) 7,881 (49.03) 3,608 (25.82) 10,367 (74.18)
Delivered by
Doctor 20,880 (50.61) 20,380 (49.39) 18,161 (19.86) 73,269 (80.14)
Nurse 14,087 (45.67) 16,757 (54.33) 13,472 (12.12) 97,686 (87.88)
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Table 2  Neonatal and infant mortality rate (per thousand live births) by different sections in place of delivery of demographic and 
socio-economic background characteristics in India, 2019-21

Neonatal Mortality (Per 1000 live births) Infant Mortality (Per 1000 live births)
Background Characteristics Private Hospital Public Hospital Private Hospital Public Hospital

C-section 
birth

Normal 
birth

C-section 
birth

Normal 
birth

C-section birth Normal 
birth

C-section 
birth

Nor-
mal 
birth

Mother’s age at birth
15–19 42 66 36 33 64 75 47 50
20–24 22 30 35 24 31 43 43 35
25–29 17 24 21 20 24 33 30 30
30+ 18 22 27 22 25 28 34 32
Preceding birth interval
< 24 months 27 41 32 29 40 59 45 44
> 24 months 18 21 21 16 25 29 30 25
Birth order
1 17 24 29 26 25 31 37 35
2 14 23 19 17 22 29 26 26
3+ 41 35 44 24 51 52 58 37
Place of residence
Rural 23 33 31 24 32 41 40 35
Urban 14 16 19 17 21 26 29 25
Household wealth
Poorest 47 56 49 27 58 71 60 40
Poorer 35 46 34 25 44 59 41 36
Middle 20 30 26 20 33 38 36 30
Richer 17 20 22 18 27 31 32 25
Richest 9 11 13 13 13 15 18 20
Delivered by
Doctor 17 24 24 20 26 33 32 30
Nurse 18 27 27 22 25 36 36 32

Fig. 3  Neonatal morality rate by mother birth order at place of delivery
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case of C-section births were 0.60 times and 0.51 times 
lower than the normal birth with place of delivery at 
home. The differences between private and public hospi-
tals in risk of neonatal and infant mortality due to C-sec-
tion birth was negligible, where in normal birth, risk of a 
baby dying in neonatal period was 0.97 times lower in a 
public hospital as compared to private hospitals. Moth-
ers aged 25–29 years had a lower risk of neonatal mor-
tality with normal births compared to C-section births. 
Additionally, mothers with a birth interval of more than 
24 months had a reduced risk of neonatal and infant 
mortality compared to those with intervals of less than 24 
months, with a 95% confidence level. Birth orders of more 
than three were associated with 1.23 times higher risk of 
neonatal mortality and 1.32 times higher risk of infant 
mortality for C-section deliveries compared to normal 
deliveries, with these differences being statistically signif-
icant. Coming into the household wealth, babies from the 
poorest background families were at higher risk of dying 
in the neonatal period compared to babies belonging to 
the richest background families, in case of both normal as 

well as C-section birth deliveries (odds = 0.72 vs. 0.29 and 
odds = 0.87 vs. 0.49). It is possible that the low utilization 
of maternal healthcare among poor households results 
from prioritizing basic daily living needs over health care. 
Moreover, poor households do not have the resources for 
healthcare expenses, whereas wealthier households can 
spend a higher proportion of their earnings on health-
care. The unequal distribution of maternal education and 
wealth status has tended to widen the rural-urban gap in 
maternal health care utilization, thus risk of babies dying 
in neo-natal and infant periods were higher in rural areas 
than the urban areas for both types of birth deliveries. 
Considering the assistance during birth delivery, the risk 
of neonatal mortality was higher for births assisted by 
nurses compared to those assisted by doctors, with the 
difference being statistically significant at a 95% confi-
dence interval. The Fig.  5 depicts that the risk of infant 
death increases with stunting and underweight in cases 
of caesarean deliveries.

Table 3  Child growth indicators according to the mode of delivery
Mode of Delivery Child Growth Percentage Std. Deviation 95% CI for mean Test Statistics
C-section Delivery Stunting 37.2 0.5 (0.40 - 0.40) χ2 = 2.0, p = 0.000
Normal Delivery 28.3 0.4 (0.26–0.27)
C-section delivery Wasting 19.1 0.4 (0.20 − 0.21) χ2 = 121.1, p = 0.000
Normal delivery 16.7 0.4 (0.16 - 0.17)
C-section delivery Underweight 32.6 0.5 (0.36 - 0.36) χ2 = 2.1, p = 0.000
Normal delivery 24.1 0.4 (0.22 - 0.23)
C-section delivery Anemia 59.9 0.5 (0.52–0.58) χ2 = 201.8, p = 0.000
Normal delivery 56.2 0.5 (0.49–0.51)
C-section delivery Duration of breast-feeding 16.3 0.3 (0.16–0.18) χ2 = 6.40, p = 0.011
Normal delivery 16.9 0.3 (0.14–0.18)
C-section delivery Put the 30.4 0.7 (0.41–0.43) χ2 = 162.0, p = 0.000
Normal delivery breast-feeding 48.6 0.6 (0.49–0.51)

Fig. 4  Impact of Child Growth on Mode of Delivery
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Discussion
The impact of C-section birth deliveries on child health 
and the higher costs associated with C-section compared 
to normal deliveries in the private sector are significant 
public health issues. The present study investigated dif-
ferent birth delivery methods and their effects on child 
growth and mortality rates in India. The findings revealed 
that the births delivered in different sections varied 
across various socio-economic and bio-demographic 
characteristics in the country. The study found that the 
total number of birth delivered by C –section was lower 
than normal section delivery. In public hospitals, doctors 
generally prefer normal deliveries unless complications 
arise, such as complicated pregnancies, abnormal labor, 
or postpartum hemorrhage. In contrast, private institu-
tions report a higher incidence of C-sections, as noted 
in previous studies [49, 50]. Women aged 30 and older 
had a higher rate of C-sections compared to those aged 
15–19. C-sections were more common among urban res-
idents due to better access to and affordability of medical 

services in urban areas. Urban women also benefit more 
from public and private maternal and child health ser-
vices [51]. Additionally, women from wealthier house-
holds more frequently chose C-sections compared to 
those from poorer households, as household wealth and 
education contribute to greater female autonomy and 
decision-making power regarding health [52, 53].

Another significant finding is the impact of neonatal 
and infant mortality across different birth delivery meth-
ods. The study found that neonatal and infant mortal-
ity rates were higher for C-sections, particularly among 
younger mothers (under 20) and those with higher birth 
orders. Systematic reviews indicate that C-sections 
can improve maternal, neonatal, and infant survival by 
9–16%, although survival rates can vary based on socio-
economic factors [54]. Studies in Latin America [24] and 
the United States [55] have shown that C-sections with-
out clear medical indications double the risk of neonatal 
death compared to vaginal deliveries. Betran et al. (2018) 
found that untrained medical staff performing C-sections 

Table 4  Odds ratios (95% confidence level) for neonatal and infant mortality in different sections of birth by demographic and 
socioeconomic background characteristics in India, 2019-21
Background Characteristics Neonatal Mortality Infant Mortality

C-section birth Normal birth C-section birth Normal Birth
Place of Delivery Odds Ratios (CI) Odds Ratios (CI) Odds Ratios (CI) Odds Ratios (CI)
Home®
Public hospital 0.60 (0.30–1.20) 0.97 (0.86–1.1) 0.51** (0.27–0.92) 0.95 (0.86–1.05)
Private hospital 0.64 (0.32–1.29) 1.79*** (1.53–2.09) 0.55** (0.30–1.01) 1.51*** (1.32–1.72)
Mother age
15–19®
20–24 1.19 (0.29–4.98) 0.74 (0.46–1.23) 1.53 (0.36–6.37) 0.71* (0.47–1.05)
25–29 0.88 (0.22–3.67) 0.71 (0.43–1.16) 1.26 (0.31–5.25) 0.66** (0.45–0.98)
30+ 1.06 (0.26–4.45) 0.73 (0.45–1.20) 1.53 (0.37–6.35) 0.67** (0.45–0.99)
Preceding birth interval
< 24 months®
> 24 months 0.71*** (0.59–0.87) 0.57*** (0.52–0.62) 0.66*** (0.56–0.79) 0.58*** (0.54–0.62)
Birth order
1®
2 0.74*** (0.63–0.88) 0.58*** (0.54–0.62) 0.84** (0.72–0.96) 0.61*** (0.58–0.65)
3+ 2.10*** (1.74–2.53) 1.33*** (1.22–1.46) 1.93 *** (1.64–2.27) 1.37*** (1.27–1.47)
Place of residence
Urban®
Rural 1.10* (0.87–1.39) 1.18* (1.03–1.34) 1.09 (0.90–1.33) 1.09* (0.98–1.21)
Household wealth
Poorest ®
Poorer 0.72** (0.56–0.94) 0.87*** (0.79–0.96) 0.76** (0.59–0.96) 0.89** (0.82–0.97)
Middle 0.47*** (0.36–0.62) 0.71*** (0.62–0.80) 0.58*** (0.46–0.74) 0.69*** (0.63–0.77)
Richer 0.46 *** (0.34–0.62) 0.72*** (0.62–0.83) 0.52*** (0.41–0.68) 0.69*** (0.62–0.78)
Richest 0.29*** (0.21–0.42) 0.49*** (0.40–0.60) 0.32*** (0.24–0.44) 0.48*** (0.41–0.57)
Birth Delivered by
Doctor®
Nurse 0.82** (0.69–0.99) 0.90** (0.82–1.00) 0.82*** (0.70–0.96) 0.88*** (0.81–0.95)
Confounding variables: Maternal education; BMI; Antenatal care and Post-natal care

® Reference Category; Significance level *** p < 0.01, ** p < 0.05, * p < 0.10.
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increases the risk of neonatal death, whereas vaginal 
deliveries generally present a safer option for both moth-
ers and babies [54]. Prior research indicates that the risk 
of mortality is notably higher for C-section deliveries 
after the first week of life [56], and frail infants may have 
even lower survival rates beyond this period [57].

Regarding child nutritional indicators, C-sections 
were associated with poorer growth outcomes, includ-
ing higher rates of stunting, wasting, and underweight. 
C-sections may also adversely affect breastfeeding prac-
tices [58]. The study highlighted that stunting, wasting, 
and underweight were more prevalent among C-section 
births compared to normal vaginal deliveries. Previous 
studies have suggested that C-sections can impair child 
growth and increase risks such as respiratory problems, 
frequent illnesses, and issues with food demand and sleep 
[59]. Chen and Tan found that the risk of child undernu-
trition was 1.16 times higher for C-section births com-
pared to natural deliveries [5]. Additionally, children 
born by C-section are more prone to respiratory distress, 
metabolic issues, and immune system disorders [59]. Our 
findings also show that anemia is more common among 
children born by C-section than those born vaginally, 
aligning with previous studies indicating higher risks of 
asthma, allergic rhinitis, and atopy in C-section-born 
children [60].

Another key finding is the delayed transfer of breast 
milk in C-section deliveries compared to vaginal births. 
According to WHO guidelines, initiating breastfeed-
ing within the first hour is crucial [61]. A compromised 

immune system in C-section infants makes them more 
susceptible to infections, affecting growth and develop-
ment [62]. Evidence indicates that C-section births are 
negatively associated with timely initiation of breastfeed-
ing, which is significantly linked to child stunting [32, 
63–66]. Additionally, infants born via C-section often 
have gut microbiota issues affecting nutrient absorp-
tion, increasing the risk of overweight conditions that 
persist into early adulthood (Fig. 6) [67]. Similarly, Scott 
and Binns (2007) found that the onset of lactation was 
significantly delayed in C-section deliveries compared 
to normal vaginal deliveries [68]. Thus, C-section deliv-
eries negatively impact the mother-infant relationship 
compared to natural births [69, 70]. Poor mother-infant 
relationships can adversely affect child growth, psy-
chological development, and behavioral outcomes [71]. 
Previous research has reported that normal vaginal deliv-
eries reduce hospital stays, financial costs, and the risk of 
postpartum complications, while C-sections increase the 
risk of maternal injury, pain, and gynecological issues, as 
well as neonatal mortality and malnutrition [72, 73].

Conclusion
In conclusion, the study suggests that C-sections deliver-
ies are significantly associated with delayed breastfeeding 
practices, higher financial burdens and shorter durations 
of breastfeeding compared to vaginal deliveries. Addi-
tionally, C-section delivery may adversely affect child 
undernutrition as compared to normal vaginal birth. 
The risk of child undernutrition and mortality is higher 

Fig. 5  Association between stunting, underweight and IMR by caesarean delivery
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in women undergoing emergency C-sections and those 
with previous C-Sections. Neonatal and infant mortal-
ity are also elevated in C-section babies. These findings 
underscore the importance of a health worker’s visit in 
providing antenatal and postnatal care. Low coverage of 
maternal healthcare utilization in rural areas contrib-
utes significantly to higher infant and neo-natal mortal-
ity associated with C-section deliveries. Therefore, health 
policies and programs should be aimed at improving 
reproductive and child health care services, improv-
ing the quality of obstetrics services, especially for the 
C-section. Furthermore, both public and private health-
care institutions should prioritize enhancing the quality 
of services and promoting vaginal deliveries to reduce 
child growth issues and mortality rates. The Government 
of India has launched the National Rural Health Mission 
(NRHM) which focuses on the states belonging to north, 
central and northeast regions of the country. In addition, 
Janani Suraksha Yojna (JSY) under NRHM has been initi-
ated to encourage pregnant women from rural areas to 
deliver in healthcare institutions. The scheme encourages 
pregnant women from rural areas to avail themselves of 
maternal healthcare services (antenatal, natal and post-
natal care). However, addressing the unmet needs for 

maternal healthcare service utilization among specific 
sub-groups of population (like religion, caste) in rural 
areas is crucial for further improving the outcomes.

Strength and limitations
The major strength of this study is that it dealt with 
nationally representative data with large sample size and 
correlates of normal and C -section birth in public and 
private institutions. Apart from this, some limitations are 
there in the large-scale cross-sectional study. First of all 
the data lack information relating to clinical indications 
of C-sections such as the study did not cover the distinc-
tion between elective and emergency C-sections. Sec-
ond is that various socioeconomic and bio-demographic 
factors were included in the study, however, women’s 
decision-making power also significantly influences the 
delivery practice, which was not analyzed in the study. 
The third one is the study did not cover accessibility like 
the number of primary health care centers, sub-center, 
and community centers and the quality of health care 
facilities (number of doctors, number of beds) which 
might influence health care delivery. Finally, the study did 
not consider physical barriers such as distance from the 

Fig. 6  The process of birth delivery: vaginal vs. caesarean
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health centers, transportation, and road facilities, which 
can also impact the likelihood of normal birth delivery.
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