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ABSTRACT

Objective This study examines the association of
maternal height with caesarean section (CS) in India. It is
hypothesised that maternal height has no significant effect
on the risk of undergoing caesarean section.

Design A cross-sectional study based on a nationally
representative large-scale survey data (National Family
Health Survey-4), conducted in 2015-2016.

Setting and participants Analysis is based on 125 936
women age 15-49 years, having singleton live births.
Logistic regression has been performed to determine the
contribution of maternal height to the ORs of CS birth,
adjusting for other exposures. Restricted cubic spline

was used as a smooth function to model the non-linear
relationship between height and CS. Height data were
decomposed using the restricted cubic spline with five
knots located at the 5th, 27.5th, 50th, 72.5th and 95th,
percentiles.

Primary and secondary outcome measures The main
outcome variable of interest in the study is CS. Maternal
height is the key explanatory variable. Other explanatory
variables are age, parity, sex of child, birth weight, wealth
index, place of residence, place of child delivery and
household health insurance status.

Results The results reveal that the odds of undergoing CS
significantly decrease with increase in maternal heights.
Mothers with a height of 120 cm (adjusted OR (AOR): 5.08;
95% Cl 3.83 to 6.74) were five times more likely, while
mothers with height of 180 cm were 23% less likely (AOR:
0.77; 95% Cl 0.62 to 0.95) to undergo CS as compared
with mothers with height of 150 cm.

Conclusions Shorter maternal height is linked to a
higher risk of CS. Our findings could be used to argue

for policies that target stunting in infant girls and avoid
unnecessary CS, as there is potential effect on growth
during adolescence and early adulthood, with the goal to
increase their adult heights, thereby lowering their risk of
CS and adverse delivery outcomes.

INTRODUCTION

Caesarean section (CS) is a surgical proce-
dure used to minimise maternal and fetal
complications associated with childbirth."
While CS can be a life-saving for both the
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Strengths and limitations of this study

» The sample for the study is relatively large as it is
based on a nationally representative large-scale
survey data.

» Maternal height has been measured by following the
standard procedure and instrument.

» The cross-sectional design of the study renders ap-
preciation for a potential causal effect dubious.

» In the absence of pregnancy complications, the role
of clinician decision to perform caesarean section on
short mothers cannot be captured.

only when the mother and the unborn child
are at a greater risk of complications.' * As
CS may have a shortterm and long-term
health consequences on both the mother
and the child, hence reducing unnecessary
CS is generally viewed to be an important
act.” Both the developed and low-income
and middle-income countries reported an
increase in the prevalence of CS, and while
medical complications may be the reasons for
this increase, non-medical complications may
be partly responsible.’ Evidence has shown
that the shortterm and long-term effects of
CS for the mothers include increased risk
of hysterectomy, abnormal placentation,
uterine rupture, stillbirth and preterm birth
in the subsequent pregnancy.” Also, the short-
term and long-term effects of CS on children
includes altered immune development,
allergy, atopy, asthma, increased blood pres-
sure, type 1 diabetes and reduced intestinal
gut microbiome diversity.” CS on request has
become a growing topical issue to emerge in
recent decades, and it has been argued that
maternal fear as the legitimate indication for
CS on request.”

Short adult height, which is a sign of
growth retardation, is a particular indication
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suggests that adult height is a good indicator of develop-
ment and population health,” and that shorter height is
associated with adverse consequences for mortality and
morbidity, even after adjusting for education occupation
and income.” The correlation between female height and
the pelvic size® shows that mean pelvic area of tall females
is greater than those of medium and short statures.” Short-
statured women with narrow pelvic area are related to
obstructed labour, through which the head or shoulder
of the baby is hindered.® However, wider pelvises among
the tall women, allow them to have easier childbirths with
heavier birthweight babies, both factors reduce infant and
maternal mortality.” The relation between maternal height
and child mortality have also been highlighted in studies
using Demographic Health Survey (DHS) data from 109
countries.'” The influence of maternal height on obstetric,
neonatal and fetal outcomes have been documented in the
earlier studies.'' '* A systematic and meta-analysis based on
56 studies on the effect of maternal height on preterm
birth and low birth weight showed that the risk of preterm
birth and low birth weight was significantly higher among
short-statured women,13 and such association has also
been reported in other studies.'*'” Also, maternal height
has been found to be inversely related to the risk of pre-
eclampsia,'® placental abruption,'” small for gestational
age,'” intrauterine growth restriction'® and stillbirth.®

Maternal body mass index (BMI) in relation to the
risk of CS has been an ongoing debate, which is of great
importance for clinical management, and pregnancy and
neonatal outcomes.'” The impact of maternal height on
pregnancy and childbirth outcomes warrants increased
clinical attention. By having more evidence about
maternal height and risk of CS, it would be more likely
to benefit the health professionals in their counselling of
pregnant women and in clinical management. Hence, in
view of the issues discussed above, the objective of this
study is to examine the association of maternal height
with CS. Only a few studies in Europe, Latin America and
Africa have analysed the association between maternal
height and the risk of CS.**"** However, to our knowledge,
no previous study in India has investigated the associa-
tion between maternal height and CS using a large-scale
data that represents a larger population. Although past
studies in India have assess the association of socioeco-
nomic factors,23 maternal malnutrition,24 place of child-
birth® and healthcare accessibility*® with the risk of CS,
the likely effect of maternal height on the risk of CS is still
poorly understood.

The specific objective of this study is to examine the
association of maternal height in relation to the risk of
CS with adjustment for other risk factors known to be
associated with CS, including birth weight. We hypoth-
esised that maternal height has no significant effect on
the risk of undergoing caesarean section. We also antici-
pate that our findings will help health professionals with
comprehensive information on the relationship between
maternal height and CS, which can be useful to counsel
expecting mothers.

MATERIAL AND METHODS

Study location

The study is exclusively focused on India, which comprises
of 28 states and 8 union territories (UTs), with a popula-
tion of over 139 billion (48% females and 22.2% in age
15-44 years).”’

Design

This is a cross-sectional study based on secondary data
from the fourth round of the Indian equivalent of the
DHS, known as the National Family Health Survey
(NFHS-4) conducted during the year 2015-2016.*

Setting

NFHS-4 was conducted under the aegis of the Ministry
of Health and Family Welfare, Government of India and
coordinated by the International Institute for Population
Sciences, Mumbai. The survey is a stratified two-stage
sampling design. In the first stage, primary sampling units
(PSUs) were selected with probability proportional to
population size. Rural PSUs were villages and urban PSUs
were census enumeration blocks. Lastly, in the second
stage, systematic random sampling was used in each PSUs
to select the households. In each selected household,
basic information of all residents (household question-
naire) as well specific information of women (woman’s
questionnaire) and men (man’s questionnaires) between
the age of 15-49 years were collected during the survey. A
survey procedure was followed to select the respondents
from each household.”” The study also provides data on
anthropometry such as height, and weight measured by
the trained field staff, weight and height is measured
using the standard equipment: SECA 874 U digital scale
and SECA 213 Stadiometer. Weight is measured in light
clothing after removing of shoes/sandals and any heavy
clothing. Height is measured by letting the person to
stand on the Stadiometer without wearing shoes.

Patient and public involvement
No patient involved

Study sample

In our analysis, we include only singleton birth (ie,
excludes all multiple births; n=4300), and the final sample
comprised of 255 327 women. Exclusion of women with
height less than 120 cm and above 180 cm, and missing
cases resulted to 125 936 women who are considered in
the analysis.

Outcome variables

The main outcome variable of interest in the study is the
CS cases. The specific question asked during the survey
was: ‘Was (NAME) delivered by CS, that is, did they cut
your belly open to take the baby out?’. The outcome vari-
able is binary and is coded as ‘1’=Yes (ie, ‘delivered by
CS’) and ‘0’=No (ie, ‘not delivered by CS’).

Explanatory variables
The explanatory variables chosen for this study were
guided by the existing literature. The key explanatory
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Table 1 Background characteristics of women with
singleton birth (h=125 936) by type of delivery, India, 2015-
2016
Caesarean section
Variables No (%) Yes (%) P value
Maternal height (cm)
Mean (SD) 153.0 (6.0) 152.2 (5.6) <0.01*
Min-max 120.4-179.3 120.1-178.9
Maternal age (years)
15-19 84.5 585 <0.01t
20-24 82.1 17.9
25-29 79.4 20.6
30-34 76.1 23.9
35-39 76.2 23.8
40-44 77.0 23.0
45-49 85.7 14.3
Maternal parity
First 73.7 26.3 <0.01t
Second 78.6 215
Third 87.2 12.8
Fourth 92.7 7.3
Fifth 94.2 5.8
Sixth+ 95.2 4.9
BMI
Underweight 87.7 12.3 <0.01t
Normal 83.5 16.5
Overweight 71.7 28.3
Obese 56.8 43.2
Maternal caste
Other backward classes 79.2 20.8 <0.01t1
Schedule caste 82.1 17.9
Schedule tribe 88.2 11.8
Others 72.9 27.2
Child birth weight
<4500 g 79.7 20.3 <0.01t
>4500 g 70.5 29.5
Residence
Urban 70.8 29.2 <0.01t
Rural 83.3 16.7
Place of delivery <0.01t
Public 86.7 13.3 <0.01t
Private 57.8 42.2
Pregnancy complication
No 78.6 21.4 <0.01t
Yes 81.5 18.5
Family insurance
No 79.8 20.2 <0.01t
Yes 78.4 21.6
Total 79.6 20.4

*Test of difference for continuous variables with t-test.

tTest of difference for categorical variables with Pearson’s y” test.

BMI, body mass index.

variable is the height of mothers (in cm). Maternal height
has been used as a continuous variable which ranges
from 120 cm to 180 cm. Other explanatory variables were
maternal age (years), parity, sex of child, birth weight
(gram), household wealth index, place of residence,
place of birth/delivery and possession of a health insur-
ance by one member of the household. BMI is categorised
into four classes according to the WHO classification for
the Asian population; Underweight (BMI <18.5 kg/m?),
normal weight (BMI of 18.5-23 kg/m?), overweight (BMI
of 23-27.5 kg/mQ) and obese (BMI >27.5 kg/mQ) 2 Since
the maternal height varies significantly across the popu-
lation, and there is no specific cutoff point for short
height in adults, we adopt a threshold of 150 cm, which
is approximately the 25th percentile value of the popu-
lation as the reference height. Based on the evidence on
the risk of CS due to increased fetal weight™ ** we dichot-
omised childbirth weight into two classes: (1) <4500 g and
(2) 24500 g.

Statistical analysis

All frequency distribution were weighted by applying
the appropriate sampling weight. Descriptive statistics
present the mean and proportion values. The t-test was
applied to test the difference between two independent
samples mean value. Pearson’s x° was used to test the
association between two categorical variables. Multivari-
able logistic regression was used to determine the effects
of the socioeconomic demographic categorical variables
and the non-linear effects of height as a continuous vari-
able on the risk of CS. Restricted cubic spline was used
as a smooth function to model the non-linear relation-
ship between height and CS. In this study, height data
points were decomposed using the restricted cubic spline
with five knots located at the 5th, 27.5th, 50th, 72.5th
and 95th, percentiles. Restricted cubic spline uses linear
function before the first and after the last knot, and cubic
function between the first and last knot.” The statistical
significance level was set at 5% (ie, p<0.05). Statistical
analysis was performed using STATA software V.13. The
survey command (svy) in STATA was used to take into
account the sampling design of the survey.

RESULTS

Participants

In our analysis, we include only women having only
singleton birth (ie, excluding multiple births), and
women with heights between the range of 120 cm and
180 cm.

Descriptive statistics

The mean maternal height and age for all women were
152.67 cm and 26.9 years, respectively. The mean child-
birth weight is 2837.3 grams (online supplemental table
S1). The analysis reveals that the marginal difference
between the mean maternal height of the mother who
had CS (152.2 cm) and mother who did not have CS
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(153.0 cm) was statistically significant at 1 percent level
of significance (p<0.01) (table 1). It is found that the
risk of CS increases with age of the mother. The prev-
alence of CS across maternal parity ranges from 26.3%
to 4.9%, with the highest prevalence observed among
the first parity and lowest among the sixth parity and
above. In the case of maternal BMI status, our study indi-
cates that the prevalence of CS is highest among obese
mothers, followed by overweight and lowest among the
underweight mothers. The size of the child at birth is
statistically significantly associated with the risk of CS
(p<0.01). The results show that the prevalence of CS
among those mothers whose child birth weight is greater
than or equal to 4500 g is higher (29.5%) than those
mothers whose child birth weight is less than 4500 g
(20.3%). The prevalence of CS among mothers who
gave birth at the private health facility (42.2%) is three
times more than mothers who gave birth at the public
health facility (13.3%). Interestingly, we found that
the prevalence of CS among mothers with pregnancy
complications has been much lower than those with no
pregnancy complications.

0dds of CS and maternal height: results of multivariate logistic
regression

Maternal height has been modelled by a restricted
cubic spline with five knots points (142.9, 148.9, 152.2,
155.5 and 161.6) at percentiles 5%, 27.5%, 50%, 72.5%
and 95% in a logistic regression model (table 2). The
ORs of CS by maternal heights have been derived by
applying xbrespline STATA command,* and illustrated
in figure 1. It is evident form the graph that the risk of
CS is high among shorter mothers, as compared with
the taller mothers. Similarly, mothers with height of 120
cm (adjusted OR (AOR): 5.08; 95% CI 3.83 to 6.74)
were five times more likely, and mothers with height of
147 cm were 1.2 times more likely (AOR 1.18; 95% CI
1.15 to 1.21) to undergo CS, as compared with mothers
with height of 150 cm. However, mothers with height
of 153 cm were 10% less likely (AOR 0.89; 95% CI 0.87
to 0.91) and mothers with height of 180 cm were 33%
less likely (AOR 0.77; 95% CI 0.62 to 0.95) to undergo
CS, as compared with mothers with height of 150 cm
(online supplemental table S2). However, we did not
interpret the effect of estimates for variables other than
the primary exposure as evidence has suggested caution
in drawing causal inference based on estimates from
multivariate regression model.”

Figures 2-5 represent the non-linear effects of height
on CS by BMI, birth weight, place of delivery, and status of
pregnancy complications. The probability of CS is higher
among the shorter mothers, and low among the taller
mothers. Irrespective of birth weight, the probability
of CS decreases with increasing heights of the mothers.
Further, among the mothers who gave birth at the public
or private health facility, the probability of CS decreases
with increasing mothers’ height.

Table 2 Results of multivariate logistic regression with OR
(with 95% CI) for CS in relation to specified explanatory

variables, India, 2015-2016

Caesarean section

(n=125 936)

Background characteristics OR 95% ClI
Maternal age (years)

15-19 Pef 1.00

20-24 1.11* 1.01to 1.23

25-29 1.35%** 1.23t0 1.49

30-34 1.79 1.62 to 1.99

35-39 2.26™* 2.01to02.53

40-44 2.87* 2.44 t0 3.38

45-49 2.69*** 1.92 to 3.76
Maternal parity

First ' 1.00

Second 0.68*** 0.66 to 0.71

Third 0.36"** 0.34t0 0.38

Fourth 0.21*** 0.19to 0.23

Fifth 0.16™* 0.13t0 0.18

Sixth and above 0.13 0.11t0 0.16
Sex of child

Female R 1.00

Male 1.00 0.98 to 1.04
Caste

Other backward caste 1.00

Schedule caste 1.12% 1.07to 1.17

Schedule tribes 0.82** 0.78 to 0.86

Others iIA[Eie 1.09to0 1.18
Wealth index

Poorest " 1.00

Poorer 1.37 1.27to 1.47

Middle 1.85*** 1.73t0 1.98

Richer 1.98"* 1.85t02.13

Richest 1.79 1.65 to 1.92
Birth weight

<4500 g "ef 1.00

>4500 g 1.81%* 1.58 to 2.06
Place of delivery

Public ' 1.00

Private 3.79* 3.66 to 3.92
Residence

Urban "¢ 1.00

Rural 0.89*** 0.85 to 0.92
Family insurance

No fef 1.00

Yes 1.28** 1.23t0 1.33
Pregnancy complication

Yes Fef 1.00

Continued
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Table 2 Continued

Caesarean section

(n=125 936)

Background characteristics OR 95% ClI

No 0.92*** 0.88 to 0.95
BMI

Underweight Ref 1.00

Normal 116 1.11t0 1.22

Overweight 1.78** 1.69 to 1.87

Obese 2.86*** 2.69 to 3.05

**P<0.01, **p<0.001
BMI, body mass index; Ref, reference.

DISCUSSION

The frequency of CS and its relationship with maternal
height were investigated based on data of a nation-
ally representative sample survey, which comprised live
newborn singleton births delivered by mothers in the
reproductive age (15-49 years). The study portrays that
the size of the newborn, and the mother’s height predict
well the risk of CS.

In line with previous studies, our findings also
indicate that shorter women have a higher risk of CS,
and that risk declines as height increases. Mothers with a
height of less than 148 cm have twice the probability of CS
compared with mothers with a height of 148 cm or more.
This finding is consistent with that of a study done in sub-
Saharan African settings, which analysed all live births and
the first births. That study also concluded that mothers
with a height of less than 145 cm have twice the proba-
bility of CS compared with mothers with a height of 145
cm or more.”” Maternal height has been associated with
an obstetric risk during birth, according to a study. For
example, mothers with a small stature (less than 145-150
cm) have a higher risk of prolonged or labour blockage
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Figure 1 lllustrates the adjusted ORs (red line) with 95% CI
(green dash) for the relationship of maternal height with the
risk of CS. The reference height is 150 cm. CS, caesarean
section.

due to cephalopelvic disproportion.”® * The mother’s
BMI is a well-known risk factor for CS, with rising risks
as the BMI rises.” There was a consistent trend exhib-
iting increased risk of CS with rising BMI class for each
maternal height category.

Another important factor that contributes to the associ-
ation between short maternal height and CS is nutritional
status. Shorter women were more likely to be overweight
or obese than taller women,” * and obesity has been
linked to increase in CS.*' *' Furthermore, our study
found that higher odds of CS among mothers who were
overweight/obese before pregnancy and had a higher
risk related to height and pregnancy related complica-
tions than those among mothers' with normal weight.”!
Therefore, obesity prior to or during pregnancy in short
or very short mothers may cause labour to be prolonged,
and triggers a need for CS.*

A combination of maternal height and birth weight,
with shorter women has been more vulnerable to the
effect of neonatal weight on CS risk (contrary to previous
research** ). The increasing size of the baby has
minimal effect on the risk of CS for taller women, who
have the lowest overall risk of CS, and a low-birthweight
newborns seem to be more predictive of an adverse preg-
nancy outcome for similar reasons, as found by a previous
study.”

In India, CS births are more common in private health
facilities, despite the fact that more women deliver in
public health facilities. Institutional deliveries in India
have increased dramatically over the years. This high
increase has been due to the implementation of some
flagship maternal and child health programmes by the
government such as the Janani Suraksha Yojana and
Janani Shishu Suraksha Karyakram schemes to boost
institutional births and hence reduce home deliveries.*’

Other studies have shown that mother age is a signif-
icant factor in caesarean deliveries because medical-
related disorders such as hypertension and diabetes are
more common in the older age group.*”*® In comparison
to women who lived in rural areas, metropolitan women
had more CS deliveries. Additional access to medical
intervention in metropolitan regions, as well as the exis-
tence of more health facilities and insurances could be
contributing factors.*’

Wealthier women and those belonging to a higher social
hierarchy (caste) are more likely to give birth by CS. CS
appears to be a preferred option of birth for women who
can afford it rather than a medically necessary surgery.”’>!
Women from lower socioeconomic backgrounds may be
unable to pay or gain access to healthcare institutions that
are prepared to do caesarean deliveries, as indicated by
other studies in impoverished nations.”® Furthermore, to
our knowledge, this is the first study that documented the
effect of maternal height on the risk of CS in singleton
births and using restricted cubic spline method in an
Indian setting. Our finding clearly indicates that shorter
women have higher risk for pregnancy related complica-
tions, as concluded by previous studies. Shorter women
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Figure 2 Non-linear effects of height on caesarean section by BMI of mothers, with 95% Cl, India, 2015-2016. BMI, body

mass index.

tend to have husbands or partners who are on average
much taller. But among taller women, the height gap
between spouses narrows.

Our study also found that CS is associated with older
age, urban residence and higher wealth. These crude
associations remained significant in our adjusted model.
The findings are consistent with many other studies, and,

Maternal height and risk of caeserian for Birthweight<4500g

E(caeserian)

T T T T T T T
120 130 140 150 160 170 180

height (cm)

in particular, in sub-Saharan Africa using 34 national
datasets.”

Strength and limitation

This study has both strengths and limitations. This study
has a large sample size, as well as, a very high household
and individual levels response rates (over 95%), which

Maternal height and risk of caeserian for Birthweight=4500g

E(caeserian)

T T T T T T T
120 130 140 150 160 170 180
height (cm)

Figure 3 Non-linear effects of height on caesarean section by birth weight of mothers, with 95% Cl, India, 2015-2016.
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Maternal height and risk of cesarian for delivery at Public facility
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Figure 4 Non-linear effects of height on caesarean section by place of delivery of mothers, with 95% CI, 2015-2016.

eliminates the chance for selection bias. The sample size
is nationally representative and comprised of 255 327
women, covering all the states/UTs in India.

The cross-sectional design of the study limits us to
conclude any causal inference from this study. On the
other hand, our other variables were based on women’s
selfreport and could have been influenced by memory
bias. Furthermore, data on CS was restricted to live births
in the 5 years preceding the study. Hence, our analysis
looked at the effect of a singleton birth rather than

Maternal height and risk of caeserian without pregnancy complication
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caeserian
( s
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E
4
1

T T T T T T T
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considering multiple births. In addition, if one twin was
stillborn while the other was born alive, they may have
been mistakenly recorded as twins, or the possibility of
a live twin being misclassified as a singleton birth, which
was not possible to identify in the dataset.

CONCLUSIONS
Our findings show that maternal height, coupled with
obesity, is significantly associated with increased risk for

Maternal height and risk of caeserian with pregnancy complication

E(caeserian)
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Figure 5 Non-linear effects of height on caesarean section by status of pregnancy complications of mothers, with 95% Cl,

India, 2015-2016.
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birth, and with adverse pregnancy outcomes. Shorter
women are more likely to undergo CS, as they have a
higher rate of newborn loss than taller women. While
caesarean procedures can save lives, they are expensive,
and also linked to poorer health outcomes. One impli-
cation based on the findings is the need for healthcare
system to investigate the reasons for this association as
well as the mother’s social circumstances. Furthermore,
because short maternal height indicates the cumulative
effect of social, health and nutrition deprivations across
generations, our findings indirectly emphasise the signif-
icance of developing comprehensive and cost-effective
health and nutrition intervention strategies.” > ** *
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