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This study used a wide range of information on parental sociodemographic, physical and
behavioural characteristics as well as on the presence of non-communicable diseases among
parents and examined the association of these attributes with anthropometric failure,
anaemia and mortality of their children aged 0-59 months. Findings revealed that children of
fathers aged 30-39 years were less likely to experience anthropometric failure and anaemia;
however, survival of children of fathers below 18 years at marriage could be threatened.
Parental education had protective association with children’s anthropometric failure, anaemia
and under-five mortality. With increasing maternal height, children had lower odds of
anthropometric failure and under-five mortality. Tobacco use by mothers was associated with
increase in under-five mortality, and children with diabetic fathers had higher odds of under-
five mortality.
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Introduction

volutionary biologists have extensively studied the impor-

tance of parental characteristics in shaping their offspring’s

health and the pathways through which this relationship
operates (Wells, 2017). The pathways start with children’s
intrauterine exposure, maternal exposure during pregnancy, fol-
lowed by parents’ choices about the amount and quality of
healthcare their children receive, the food they eat, the amount of
emotional support they are provided and the quality of the
environment in which they live (Cutler et al., 2008; Bauman et al.,
2006; Case and Paxson, 2002). These choices are often condi-
tioned by parents’ material resources, knowledge of health prac-
tices and programmes, their own health behaviour and the
characteristics of the communities they live in (Case and Paxson,
2002; Case et al., 2002).

As a first step of this study, a literature search on PubMed/
MEDLINE bibliographic database was conducted using appro-
priate Medical Subject Headings (MeSH) terms to learn about the
existing studies on the relationship between parental character-
istics and offspring’s health, with a focus on India. While
searching relevant literature, emphasis was laid on studies that
analysed parental sociodemographic and behavioural character-
istics, and parental health status and their effects on offspring
health. Of sociodemographic characteristics, the literature search
suggested that child marriage of girls (married before age 18) in
India was associated with increased risk of offspring morbidity
and mortality (Kumar et al., 2021a; Fall et al., 2015; Finlay et al,,
2011; Raj et al,, 2010). When it comes to child marriage of boys,
the literature is rather scarce. Child marriage of boys is likely to
constrain their access to education and opportunities for career
advancement (Gastdn et al., 2019), which could potentially limit
their earnings and their access to healthcare and healthcare
information. A study analysed Demographic and Health Survey
(DHS) data from India and concluded that children (aged
12-59 months) of younger parents (aged 15-24 years at the time
of survey) had elevated risk of anaemia, stunting and incomplete
immunisation (Puri et al., 2020). A longitudinal study for over
15 years (Perez-Alvarez and Favara, 2019) on a total of 12,000
children from Ethiopia, India (from the states of Andhra Pradesh
and Telangana), Peru and Vietnam revealed that children born to
early mothers are shorter for their age and perform poorer in
mathematics tests. A research collaboration of five birth cohorts
from low- and middle-income countries, such as Brazil, Guate-
mala, India, Philippines and South Africa, found that maternal
age of <19 years was associated with increased risk of low
birthweight, preterm birth and stunting among children of 2
years of age (Fall et al., 2015). Using cross-sectional data from
118 DHSs conducted in 55 countries (between 1990 and 2008), a
study found that mothers below the age of 27-29 years had ele-
vated risks for infant mortality in first-born children and stunt-
ing, diarrhoea and anaemia in all children (Finlay et al., 2011).

Recent studies have demonstrated that children of uneducated
parents are more likely to experience poor health outcomes as
compared to children with educated parents in India (Kumar
et al., 2021b; Puri et al., 2020; Srivastava and Upadhyay, 2022).
Studies have also found that maternal education has a protective
association with double burden of malnutrition (Patel et al., 2020)
and triple burden of malnutrition among their children (Kumar
et al,, 2021a; Kumar et al.,, 2021b). A global systematic review and
meta-analysis (Balaj et al., 2021) found that not only illiteracy but
also lower maternal and paternal education are risk factors for
child mortality, whereas an analysis of 80 DHS datasets from 62
countries revealed that higher maternal and paternal educational
levels were associated with lower childhood anthropometric
failures (Vollmer et al., 2017). While research about the stronger
effects of education of either parent remains inconclusive,
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researchers have urged to count on both maternal and paternal
education for improving the health of the offspring (Balaj et al,,
2021; Vollmer et al, 2017). Like parental education, parental
employment is also an indicator of financial security, which is
often conditioned by education of a certain level. A recent study
documented that if both parents are employed, their children
were less likely to have incomplete immunisation; however, no
association with childhood anaemia and stunting was found (Puri
et al., 2020). Children with mothers employed in professional jobs
had better health status as compared to children whose mothers
were employed in agricultural and manual (skilled and unskilled)
jobs (Shajan and Sumalatha, 2020).

The association of parental phenotypic traits such as height,
weight and body mass index (BMI) with children’s health has also
been widely studied. Using DHS data from India, a study docu-
mented that increased height of both parents was associated with
decreased odds of childhood stunting (Gupta et al., 2021). In the
wake of the debate around intrauterine influences on child
nutrition, a study used nationally representative data from India
and found that higher values of maternal and paternal BMIs were
associated with higher values of offspring BMI (Corsi et al., 2015).
However, while comparing the effect sizes of maternal and
paternal BMIs, no consistent differences were found in the
strength of these parental associations with the BMI of the oft-
spring. This finding resonates with an earlier study, which found
that a one unit increase of maternal BMI was associated with
lower relative risk of childhood stunting, wasting and under-
weight (Subramanian et al., 2010). Another study used data from
109 DHSs of 54 countries and showed that a 1cm increase in
maternal height was associated with decreased risk of offspring
mortality, underweight and stunting in infancy and childhood
(Ozaltin et al, 2010). In line with these studies, Subramanian
et al. (2009) documented that an increased maternal height of
1cm was inversely associated with child mortality, stunting,
wasting, underweight and childhood anaemia in India.

Of behavioural characteristics, parental use of tobacco could be
detrimental to the offspring’s health (Zhuge et al., 2020; Caleya-
chetty et al, 2014). Exposure of unborn children to maternal
smoking during pregnancy or second-hand smoke is linked to
birth defects, stillbirths, preterm births and infant deaths (Nico-
letti et al., 2014; Leonardi-Bee et al., 2011). Newborns and young
children who are exposed to tobacco smoke in their immediate
environment are at increased risk of asthma, respiratory infec-
tions and meningococcal disease, leading to increased mortality
(Faber et al, 2017). In addition, tobacco consumption among
adults comes with significant cost to families, contributing to
hunger and food insecurity for both children and adults in both
higher-income and lower-income countries (World Health
Organization, 2021). Many households are impoverished by the
cost of smoking, diverting spending away from basic household
expenses with an increased risks of catastrophic health expendi-
ture (Semba et al., 2007). A cross-sectional study utilizing data
from eight South Asian and South East Asian countries docu-
mented that child death was associated with smoking by both
parents, parental use of smokeless tobacco and use of any tobacco
(Bhatta and Glantz, 2019). Like tobacco use, alcohol misuse or
problematic drinking behaviour of parents is associated with poor
child health, cognitive development, behavioural problems in
younger children and a range of problematic behaviours in
adolescence such as absence from school, substance abuse and
teenage pregnancy (Huq et al,, 2021; Jose and Cherayi, 2020).
Consumption of alcohol prior to and during pregnancy could
lead to an increased risk of adverse birth outcomes such as low
birthweight and preterm birth (Nykjaer et al., 2014). A study
conducted among young Swedish males revealed that paternal
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alcohol consumption was associated with increased risk of oft-
spring mortality (Landberg et al., 2018).

The presence of non-communicable diseases (NCDs) such as
diabetes mellitus and hypertension (elevated blood pressure)
among parents could also lead to poor offspring health. While
diabetes and hypertension could affect both rich and poor, par-
ental NCDs could be an indication of inaccessibility to good
healthcare practices or insufficient healthcare information. A
study conducted in the United States concluded that maternal
diabetes prior to or during pregnancy was associated with poorer
glycaemic control and B-cell function among their children
(Chernausek et al., 2016). Using 8301 mother-offspring pairs, a
study concluded that maternal diabetes is associated with high
blood pressure late in childhood, demonstrating the role of
children’s body mass in the pathway of this association (Miranda
et al.,, 2019). Like diabetes, parental hypertension is associated
with poor child health outcomes (Miliku et al, 2016), and
pathways through which it affects child health could be genetic as
well (Uehara et al., 1998).

From this overview, it is evident that the majority of published
studies had measured a specific indicator of child’s health and its
association with a limited range of parental characteristics, which
limits our understanding of this issue. For example, one drawback
of earlier studies in India is that none of them examined the
presence of NCDs among parents and its relationship with off-
spring health. Against this evidence gap, using a nationally
representative cross-sectional dataset from India, a comprehen-
sive set of information on parental sociodemographic, physical
and behavioural characteristics, and on the presence of NCDs
among parents was employed to examine whether these parental
attributes were associated with anthropometric failure, anaemia
and mortality of their children aged 0-59 months. Findings from
this study could be useful in devising a strategy for mitigating the
burden of anthropometric failure, anaemia and mortality among
children aged under 5 in India.

Methods

Study design and data. This study used data from the nationally
representative fourth wave of the standard Demographic and
Health Survey (DHS) of India, commonly known as the
2015-2016 National Family Health Survey or NFHS-4 (Interna-
tional Institute for Population Sciences and ICF, 2017). Health
statistics from NFHS-4 are used extensively to guide district, state
and national public health policy in India. NFHS-4 is cross-
sectional and covers 640 districts from 37 states or union terri-
tories. India’s 2011 Census sampling frame was used to select
primary sampling units (PSUs) in rural and urban areas, and
NFHS-4 adopted a stratified two-stage sampling design. From the
predefined sampling frame, PSUs were identified as villages in
rural areas and Census Enumeration Blocks (CEBs) in urban
areas. Within each rural stratum, villages were selected from the
sampling frame with probability proportional to size (PPS). In
each stratum, six approximately equal substrata were created by
crossing three substrata, each created based on the number of
households in each village, with two substrata, each created based
on the percentage of the population belonging to Scheduled
Castes (SCs) and Scheduled Tribes (STs). In urban areas, CEBs
were sorted according to the percentage of the SC/ST population
in each CEB, and sample CEBs were selected with the PPS
sampling method. NFHS-4 had a household response rate of
97.6%. The NFHS-4 sampled 699,686 women aged 15-49 years
and 112,122 men aged 15-54 years residing in 601,509 house-
holds for the interview. Further details about the sampling pro-
cedure of NFHS-4 can be reviewed from its published report
(International Institute for Population Sciences and ICF, 2017).

A dataset with parent-child dyads was prepared by merging
three separate datasets with information on children, men and all
household members. The purpose of merging these datasets was
to have a single dataset with information of parents (both father
and mother) linked to their offspring. Using appropriate merging
identifiers, the household member dataset was merged with men’s
dataset at the first stage; and at the second stage, the merged
dataset from the first stage was re-merged with the children’s file.
The children’s file had information for 259,627 children aged
0-59 months (247,743 living children and 11,884 deceased
children). Upon merging required datasets (children, men and all
household members), 33,047 children aged 0-59 months were
identified with information on both parents. Among these
children aged 0-59 months, 28,952 children were eligible for
calculating anthropometric failure, whereas 27,265 children aged
6-59 months were measured for childhood anaemia. As a final
sample included in the analysis, 25,429 under-five children were
found eligible for analysing anthropometric failure, and 28,693
for under-five mortality, whereas 24,022 children aged
6-59 months were eligible to be included for analysing anaemia.
Derivation of sample size is presented schematically as an online
supplement (Fig. S1). Samples included in the analysis were
compared with the samples excluded from the analysis for three
outcome events (anthropometric failure, anaemia and under-five
mortality) by selected socioeconomic characteristics of children to
assess the possible extent of sample selection bias in this study.

Outcome variables: anthropometric failure, anaemia and
under-five mortality. Outcome events were chosen in two stages.
At stage I, the association with parental characteristics was ana-
lysed for three outcome events—any anthropometric failure,
anaemia and under-five mortality, and they were labelled as
primary outcome measures. At stage II, as complementary out-
come measures, anthropometric failure was categorised into
underweight, stunting, wasting, severe underweight, severe
stunting and severe wasting; anaemia was further analysed for
mild-moderate anaemia and severe anaemia; and in addition to
under-five mortality, neonatal mortality and postneonatal mor-
tality were also investigated. All complementary outcome mea-
sures were tested for their association with parental
characteristics; findings are available in the online supplement.
While any anthropometric failure and mortality were mea-
sured among children aged 0-59 months, the measure of anaemia
was restricted to children aged 6-59 months in NFHS-4. Children
identified as being either stunted, wasted or underweight were
defined as having any anthropometric failure. Guided by the
methodology developed by the World Health Organization
(WHO Multicentre Growth Reference Study Group, 2006),
stunting was defined as <-2 standard deviations from median
height for age of the reference population; wasting was defined
as < -2 standard deviations from median weight for height of the
reference  population; and underweight was defined
as < -2 standard deviations from median weight for age of the
reference population. Severe stunting, severe wasting and severe
underweight were defined as<-3 standard deviations from
median height for age, weight for height and weight for age of
the reference population, respectively (WHO Multicentre Growth
Reference Study Group, 2006). For child anthropometry, in
NFHS-4, the ‘SECA 874 U digital scale’ was used for weighing,
the ‘SECA 213 Stadiometer’ was used for measuring height and
the ‘SECA 417 Infantometer’ was used for measuring the length
of children under 2 years or less than 85cm (International
Institute for Population Sciences, 2014). Children aged
6-59 months diagnosed with haemoglobin level (recorded in
grams/decilitre or g/dl) of <11.0 g/dl were defined as anaemic,
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whereas children diagnosed with haemoglobin level of 7.0-10.9 g/dl
and haemoglobin level of <7.0g/dl were defined as mild to
moderate or severe anaemia, respectively (World Health
Organization, 2011). NFHS-4 provides Hb estimates of children
adjusted for the altitude of their residence (ICF, 2018; Sullivan
et al, 2008). Using HemoCue Hb 201+ machines, NFHS-4
measured Hb levels from a capillary blood sample of children
aged 6-59 months. Death of a child during the first 28 days of life
was defined as neonatal mortality, deaths between 28 and
364 days of life were considered as postneonatal mortality, and
death of children between birth and their fifth birthday were
defined as under-five mortality. Information on mortality was
based on recall of age at death from mothers for all children ever
born. Detailed protocols about obtaining data for child anthro-
pometry and child biomarkers were presented in the clinical
anthropometric biochemical manual of NFHS-4 (International
Institute for Population Sciences, 2014).

Predictors: parental characteristics and covariables. Parental
characteristics were divided into four categories, namely socio-
demographic, physical and behavioural characteristics, and pre-
sence of selected NCDs. Sociodemographic characteristics
included age group (15-29, 30-39 and >40 years), age at marriage
(<18, 18-20, 21-25 and 226 years), education (no or incomplete
primary, primary or incomplete secondary and secondary or
higher), years of schooling and employment (unemployed, non-
manual, agricultural and manual/others). Physical characteristics
included person’s height (<145, 145-149.9, 150-154.9, 155-159.9
and 2160 cm) and body mass index (BMI in kilogram per metre
squared: <17.00, 17.00-18.49, 18.50-23.49, 23.50-24.99,
25.00-29.99 and 230.00). Behavioural characteristics of parents
included current use of tobacco (non-user and user) and alcohol
(non-user and user), whereas presence of NCDs among parents
included their clinically diagnosed hypertension (non-hyperten-
sive and hypertensive) and diabetes status (non-diabetic and
diabetic).

In addition, maternal age at birth (<17, 17-19, 20-24, 25-29
and 30-49 years), child’s age (0, 1, 2, 3 and 4 years), child’s sex
(male and female), child’s birth order (first, second, third, fourth
and fifth or higher), area of residence (urban and rural), religion
(Hinduism, Islam, Christianity and Sikhism or others), social
group (SCs, STs, Other Backward Classes and Others), wealth
index and state of residence (non-high-focus group states and
high-focus group states) were included as potential predictors.
Inclusion and computation of the variables was guided by a range
of existing literature focused on assessing the effect of parental
characteristics on health of their children in India and other low-
and middle-income countries (Kumar et al., 2021a; Kumar et al.,
2021b; Puri et al., 2020; Patel et al., 2020; Vollmer et al., 2017; Rai
et al.,, 2017; Sinha et al,, 2016; Corsi et al., 2015; Subramanian
et al., 2010; Ozaltin et al., 2010; Subramanian et al., 2009). More
about the construction and definition of variables in NFHS-4 can
be obtained from the DHS recode manual VII (ICF, 2018).

As per the Constitution of India, social groups such as the SCs,
STs and the so-called Other Backward Classes are historically,
socially and economically disadvantaged populations; the ‘Others’
category represents the population that has historically been more
privileged (Rai et al, 2022). Wealth index was calculated by
NFHS-4 based on household assets and durables (Vyas and
Kumaranayake, 2006). Owing to both high fertility and high-
mortality indicators, nine states are regarded as high-focus group
states in need of special attention; these are Bihar, Chhattisgarh,
Jharkhand, Madhya Pradesh, Odisha, Rajasthan, Uttarakhand,
Uttar Pradesh and Assam (Rai et al., 2022). BMI was calculated
by dividing the weight in kilograms by the height in metres
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squared (kg/m?). To measure the status of diabetes, random
blood glucose was measured. Individuals with a blood glucose
level of 2141 milligrams per decilitre or those on medication for
diabetes were defined as diabetic (Geldsetzer et al., 2018).
Individuals were defined as hypertensive if their systolic blood
pressure level reading was >140 millimetres of mercury (mmHg),
or diastolic blood pressure reading was =90 mmHg, or if they
were on medication to control hypertension (Geldsetzer et al.,
2018). For measuring adult BMI, a SECA 874 U digital scale was
used to measure weight, whereas the SECA 213 Stadiometer was
used for measuring the height of adults. The standardized
protocol for measuring capillary blood sample for glucose level,
and measurement of blood pressure were presented in the clinical
anthropometric biochemical manual of NFHS-4 (International
Institute for Population Sciences, 2014).

Statistical analysis. The sample included in the analysis was
compared with the sample excluded from the analysis for all three
outcome events—anthropometric failure, anaemia and under-five
mortality, for select background characteristics of children (sex of
children, education of mother, age at birth of mothers, sex of the
household head, social group and wealth index) using a chi-
squared test of independence to assess the presence of sample
selection bias. Variance inflation factor (VIF) was estimated to
assess the presence of multicollinearity among predictor variables
for all primary and complementary outcome measures, and a VIF
of more than 5 against a predictor variable was considered as
multicollinear (Chatterjee and Hadi, 2013). Weighted multi-
variable logistic regression was used to understand the association
between parental characteristics and all primary (any anthropo-
metric failure, any anaemia and under-five mortality) and com-
plementary outcome measures (underweight, stunting, wasting,
severe underweight, severe stunting, severe wasting, mild-
moderate anaemia, severe anaemia, neonatal mortality and
postneonatal mortality). For each outcome event, three separate
multivariable regression analyses were conducted. Model I was
adjusted for paternal characteristics, Model II included maternal
characteristics and Model III was adjusted for parental (both
father and mother) characteristics. All regression models were
adjusted for paternal or/and maternal characteristics and poten-
tial socioeconomic predictors—maternal age at birth, child age
(for modelling anthropometric failure and anaemia only), sex,
birth order, area of residence, religion, social group, wealth index
and states of residence. Appropriate sample weights, available
with the NFHS-4 dataset, were used. Analysis was performed
using the ‘svy’ suite available with statistical software Stata version
14 (StataCorp, 2015).

Results

Guided by the existing literature, the socioeconomic character-
istics for assessing sample selection bias were sex of the child,
education of mother, age at birth of mother, sex of the household
head, social group and wealth index (Table S1), and the sample
selected for the analysis was not different (p>0.05) from the
sample excluded due to ineligibility, indicating the absence of
sample selection bias. Table 1 represents the sample distribution
of the sample selected for anthropometric failure, anaemia and
under-five mortality by characteristics of children. Of the total
sample, over 50% of fathers were aged 30-39 years, whereas over
70% mothers were from the 15-29 age group. Most fathers got
married between ages 21 and 25, in contrast to mothers who
typically got married under 18 years of age. Over 20% of fathers
had either no education or completed primary education, whereas
the proportion of mothers in the same group was more than 30%.
Around 6% of fathers were unemployed, while over 75% mothers
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Table 1 Sample distribution of children selected to measure their anthropometric failure (aged 0-59 months), anaemia status
(aged 6-59 months) and mortality (aged 0-59 months), by parental characteristics and other covariates.

Anthropometric failure
n (weighted %, or mean)

Anaemia

n (weighted %, or mean)

Mortality

n (weighted %, or mean)

Parental current age (in years)
Father

15-29 38.6 (9649)
30-39 51.1 (12,865)
>40 10.3 (2915)
Mother
15-29 73.4 (17,805)
30-39 24.5 (6952)
>40 21(672)
Parental age at marriage (years)
Father
<18 8.3 (2150)
18-20 21.3 (5560)
21-25 419 (10,462)
>26 28.5 (7257)
Mother
<18 37.2 (8916)
18-20 36.8 (9156)
21-25 21.9 (5923)
>26 4.1 (1434)
Parental education
Father
No or incomplete primary 23.7 (6222)
Primary or incomplete secondary 53.4 (13,527)
Secondary or higher 22.9 (5680)
Mother
No or incomplete primary 34.1 (9197)
Primary or incomplete secondary 46.6 (11,740)
Secondary or higher 19.3 (4492)
Parental years of schooling (mean, SE)
Father 7.7 (0.0)
Mother 6.6 (0.0)
Parental employment
Father
Unemployed 6.5 (1542)
Non-manual 25.5 (6128)
Agricultural 33.5 (9236)
Manual /others 34.6 (8523)
Mother
Unemployed 76.3 (19,004)
Non-manual 4.6 (1300)
Agricultural 13.3 (3658)
Manual /others 5.9 (1467)
Parental height (in cm)
Father
<145 0.6 (106)
145-149.9 1.7 (492)
150-154.9 7.4 (1961)
155-159.9 18.9 (5022)
>160 71.4 (17,848)
Mother
<145 1.9 (2983)
145-149.9 26.0 (6676)
150-154.9 34.2 (8674)
155-159.9 20.1 (5179)
>160 7.8 (1917)
Parental height (mean, SE)
Father 163.6 (0.4)
Mother 151.7 (0.4)
Parental BMI
Father
<17.00 5.3 (1230)
17.00-18.49 1.5 (2877)

37.1(8831)
52.1 (12,329)
10.7 (2862)

72.4 (16,594)
25.3 (6753)
2.3 (675)

8.3 (2051)
21.3 (5282)
41.7 (9887)
28.7 (6802)

37.5 (8537)
36.7 (8639)
21.8 (5518)
4.0 (1328)

24.0 (5937)
53.5 (12,781)
22.5 (5304)

34.4 (8798)
46.4 (11,028)
19.2 (4196)

7.7 (0.0)
6.5 (0.0)

6.5 (1460)
25.2 (5754)
33.9 (8766)
34.4 (8042)

75.5 (17,791)
4.7 (1245)

13.7 (3549)
6.1 (1437)

0.6 (106)

1.8 (479)

7.6 (1938)
19.2 (4747)
70.8 (16,752)

12.0 (2845)
26.0 (6309)
34.2 (8170)
19.9 (4861)

7.9 (1837)

163.5 (0.5)
151.7 (0.4)

5.2 (1163)
1.2 (2660)

38.7 (10,930)
50.8 (14,416)
10.5 (3347)

73.1 (20,075)
24.6 (7823)
2.3 (795)

8.3 (2453)
21.4 (6316)
421 (1,822)
28.2 (8102)

37.3(10,135)

36.6 (10,324)

22.0 (6652)
4.1 (1582)

24.4 (7202)
52.9 (15,186)
22.7 (6305)

34.7 (10,546)
46.1 (13,169)
19.2 (4978)

7.7 (0.0)
6.5 (0.0)

6.6 (1771)
25.3 (6845)
33.8 (10,485)
34.4 (9592)

76.1(21,410)
4.7 (1472)
13.5 (4170)
5.7 (1641)

0.6 (135)

1.8 (579)

7.6 (2276)
19.0 (5694)
70.9 (20,009)

12.3 (3466)
26.3 (7585)
33.9 (9717)
19.8 (5767)

7.7 (2158)

163.5 (0.4)
151.7 (0.4)

5.3 (1397)
1.5 (3230)
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Table 1 (continued)

Anthropometric failure
n (weighted %, or mean)

Anaemia

n (weighted %, or mean)

Mortality

n (weighted %, or mean)

18.50-23.49
23.50-24.99
25.00-29.99
>30.00
Mother
<17.00
17.00-18.49
18.50-23.49
23.50-24.99
25.00-29.99
>30.00
Parental BMI (mean, SE)
Father
Mother
Parental tobacco use
Father
Non-user
User
Mother
Non-user
User
Parental alcohol use
Father
Non-user
User
Mother
Non-user
User
Parental diabetes status
Father
Non-diabetic
Diabetic
Mother
Non-diabetic
Diabetic
Parental hypertension status
Father
Non-hypertensive
Hypertensive
Mother
Non-hypertensive
Hypertensive
Maternal age at birth (years)
<17
17-19
20-24
25-29
30-49
Child age (years)
0
1
2
3
4
Child sex
Male
Female
Child's birth order
First
Second
Third
Fourth
Fifth or higher
Area of residence
Urban

51.7 (13,832)
11.9 (3024)
16.9 (3851)
2.8 (615)

9.8 (2276)
15.5 (3817)
50.7 (13,601

8.5 (2115)
12.3 (2887)

3.2 (733)

22.09 (2.4)
1517 (0.4)

43.1(9993)
56.9 (15,436)

94.2 (22,804)
5.8 (2625)

63.4 (15,432)
36.6 (9997)

98.9 (24,882)
1.1.(547)

92.9 (23,676)
7.1 (1753)

96.2 (24,516)
3.8 (913)

96.0 (24,309)
4.0 (1120)

99.0 (25,081
1.0 (348)

6.2 (1428)
30.0 (7399)
49.7 (12,550)

12.1 (3316)

2.1(736)

17.2 (4478)
20.1 (5088)
20.0 (5137)
21.9 (5489)
20.8 (5237)

51.2 (13,130)
48.8 (12,299)

36.9 (8904)
32.8 (7994)
15.7 (4226)
7.4 (2133)
7.3 (2172)

29.7 (6607)

51.8 (13,088)
12.0 (2877)
16.9 (3642)
2.9 (592)

10.1 (2225)
15.5 (3614)
50.2 (12,760)
8.6 (2006)
12.3 (2714)
3.2 (703)

22.10 (2.5)
1517 (0.4)

42.7 (9391)
57.3 (14,631)

94.0 (21,517)
6.0 (2505)

63.3 (14,574)
36.7 (9448)

98.9 (23,487)
11(535)

92.8 (22,325)
7.2 (1697)

96.0 (23,119)
4.0 (903)

95.9 (22,955)
41 (1067)

99.0 (23,702)
11 (320)

6.4 (1387)
30.0 (7061)
49.5 (11,814)
12.0 (3079)

2.1 (681

10.2 (2456)
21.9 (5249)
22.0 (5341)
23.5 (5626)
22.4 (5350)

51.8 (12,495)
48.2 (11,527)

37.1(8442)
325 (7505)
15.8 (4002)
7.4 (2017)
7.3 (2056)

29.6 (6234)

52.2 (15,687)
1.8 (3401
16.6 (4293)
2.7 (685)

9.9 (2589)
15.5 (4286)
50.8 (15,404)

8.6 (2397)
12.0 (3200)

3.2 (817)

22.07 (2.3)
1517 (0.4)

431 (1,264)
56.9 (17,429)

93.9 (25,680)
6.1 (3013)

63.4 (17,407)
36.6 (11,286)

98.9 (28,049)
11 (644)

92.9 (26,698)
7.1 (1995)

96.2 (27,648)
3.8 (1045)

96.0 (27,433)
4.0 (1260)

98.9 (28,286)
1.1 (407)

6.3 (1654)
29.7 (8341)
49.8 (14,181)

12.1 (3693)

2.2 (824)

na
na
na
na
na

51.9 (14,952)
48.1 (13,741

36.8 (10,022)

32.5 (8933)
15.7 (4759)
7.5 (2431
7.6 (2548)

29.4 (7372)
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Table 1 (continued)

Anthropometric failure
n (weighted %, or mean)

Anaemia
n (weighted %, or mean)

Mortality
n (weighted %, or mean)

Rural 70.3 (18,822)
Religion

Hindu 81.6 (19,126)

Islam 13.3 (3280)

Christian 2.2 (2005)

Sikhs 1.4 (456)

Other/missing 1.5 (562)
Social group

Others 20.0 (4604)

Scheduled castes 21.9 (5041)

Scheduled tribes 1.4 (5462)

Other backward classes 46.7 (10,322)

Wealth index
Poorest 22.8 (6207)
Poorer 21.3(5792)
Middle 21.3 (5286)
Richer 18.4 (4331)
Richest 16.2 (3813)
States

48.3 (10,738)
51.7 (14,691)
25,429

Non-high-focus group states
High-focus group states
Total

70.4 (17,788) 70.6 (21,321)

81.8 (18,110) 81.7 (21,603)

13.2 (3085) 131 (3678)
23 (1882) 2.3 (2285)
14 (413) 1.4 (498)
14 (532) 15 (629)

20.2 (4362) 19.8 (5087)

21.8 (4786) 21.8 (5705)
1.4 (5102) 1.7 (6259)

46.7 (9772) 46.8 (11,642)

22.9 (5908) 23.1 (7130)

214 (5495) 21.4 (6608)

21.2 (4962) 21.2 (5907)

18.4 (4069) 18.4 (4824)
16.1 (3588) 15.9 (4224)

48.9 (10,230)
511 (13,792)
24,022

48.4 (12124)
51.6 (16,569)
28,693

All n are un-weighted.
BMI body mass index (kg/m?2), SE standard error, na not included in the analysis.

were unemployed. Most parents had a BMI of 18.50-23.49 kg/m?2.
Use of tobacco and alcohol among fathers was higher than among
mothers, as was the proportion of having diabetes and
hypertension.

Tables 2-4 represent associations between parental character-
istics and any anthropometric failure, any anaemia and under-five
mortality measured as odds ratio (OR) with a 95% confidence
interval (CI). VIFs for all predictor variables were <5, indicating a
low probability of multicollinearity (results not shown sepa-
rately). Interpretation and discussion of findings focus on models,
which included both parents’ characteristics (that is Model III),
unless mentioned otherwise. This strategy of interpretation fol-
lowed the consensus that both parents’ characteristics generally
have a joint effect on their offspring’s health. Findings revealed
that as compared to fathers aged 15-29 years, children of fathers
aged 30-39 years were less likely to have any anthropometric
failure or any anaemia (OR=0.87, CI=0.77-0.97 and
OR =0.88, CI =0.79-0.98, respectively), and a similar associa-
tion was observed for Model I, which adjusted only paternal
characteristics. Compared to fathers who got married before 18
years of age, children born to fathers who were married between
ages 18 and 25 years had lower odds of under-five mortality.
Parental education appeared to be a protective factor for all three
primary outcomes—any anthropometric failure, any anaemia and
under-five mortality. This association was also found in Models I
and II, which independently controlled for paternal and maternal
characteristics, respectively. With increasing maternal height,
children had lower odds of any anthropometric failure and were
less likely to experience under-five mortality. This association was
also found after controlling for maternal characteristics only
(Model II). Increased BMI of fathers (18.50 through >30 kg/m?)
and mothers was associated with lower anthropometric failure,
whereas mothers’ BMI (18.50 through 29.99 kg/m?) was asso-
ciated with lower odds of anaemia. Use of tobacco by mothers
was associated with increased under-five mortality (OR = 1.50,
CI=1.17-1.91), as evident from Model II (adjusted for maternal

characteristics) and Model III (adjusted for parental character-
istics). Children of fathers with diabetes had higher odds of
under-five mortality (OR = 1.36, CI = 1.01-1.82), which was also
found in Model 1. Children born to mothers with hypertension
had lower odds (OR=0.69, CI=0.51-0.94) of any anthropo-
metric failure (Model III), which was also found in Model II. The
analyses of complementary outcome measures are presented in
online supplements—underweight (Table S2), stunting (Table
S3), wasting (Table S4), severe underweight (Table S5), severe
stunting (Table S6), severe wasting (Table S7), mild-moderate
anaemia (Table S8), severe anaemia (Table S9), neonatal mor-
tality (Table S10) and postneonatal mortality (Table S11). To
reiterate, the complementary analyses have been supplied to
understand the role of parental characteristics on various stages of
any anthropometric failure, any anaemia and under-five mortality
of their children.

Discussion

Parental characteristics and their relationship with offspring
health have been studied widely, mostly by evolutionary biolo-
gists. Public health researchers have attempted to explore if the
evolutionary aspect of parent-child relationship could help
mitigate some of the most daunting challenges in child health
(Wells et al., 2017). Existing studies on the role of parental
characteristics on offspring health in India have tested a limited
range of information on parental attributes and often tested
limited indicators of child health. To address this knowledge gap,
this study used a nationally representative cross-sectional NFHS-
4 dataset to expand and understand the role of additional parental
characteristics on the health of their children aged 0-59 months.
Three primary outcome measures were analysed—any anthro-
pometric failure, anaemia and under-five mortality; the discus-
sion of this article has focused on these primary outcome
measures, while complementary analyses were supplied for fur-
ther understanding and review of the issue.
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p-value
0.018

Mother
OR (95% CI)
0.69 (0.51-0.94)

p-value
0.361

OR (95% CI)
1.10 (0.90-1.34)

Model IlI¢
Father

p-value
0.020

OR (95% CI)
0.70 (0.51-0.95)

Model 1I®
Mother

p-value
0.289

OR (95% CI)
1.11 (0.92-1.35)

Model 12
Father

Mother
160

anthropometric failure,

Number of children
n

with any
Father

521

Hypertensive
CAdjusted for parental (father and mother) characteristics and maternal age at birth, child age, sex, birth order, area of residence, religion, social group, wealth index, and states of residence.

2Adjusted for father's characteristics and maternal age at birth, child age, sex, birth order, area of residence, religion, social group, wealth index, and states of residence.
bAd]usted for mother's characteristics and maternal age at birth, child age, sex, birth order, area of residence, religion, social group, wealth index, and states of residence.

BMI body mass index (kg/m2), Cl confidence interval, OR odds ratio.

characteristics
All n are un-weighted.

Parental

Table 2 (continued)

Findings of this study should be interpreted considering a range
of limitations. First, interpretation should be assumed as an asso-
ciation and should not imply any causality. Second, most of the
information on parental characteristics were self-reported by par-
ents, and mothers responded on behalf of their children; thus,
there is a chance of recall errors and/or social desirability bias.
Third, some studies have questioned the measurement error of
HemoCue device (Karakochuk et al., 2019). Therefore, a cautious
interpretation of the reported haemoglobin levels is suggested.
Finally, for the measurement of clinical anthropometric bio-
chemical indicators such as height, weight, anaemia, diabetes
mellitus and hypertension, all precautions were taken to ensure
precision of measurement with stringent monitoring (International
Institute for Population Sciences, 2014). However, one cannot
exclude the possibility of measurement error. Future studies on this
issue should focus on analysing robust cohort data to estimate the
effects of parental characteristics on the health of their children.

This study revealed that with father’s higher age, children were
less likely to experience any anthropometric failure and any
anaemia (for age group 30-39 years). This association is con-
sistent with an earlier study, which showed that older fathers were
more likely to be involved in their children’s healthcare (Moore
and Kotelchuck, 2004), thus reducing the odds of morbidity
among children. The analysis also revealed that children born to
fathers who got married at age <18 years had higher likelihood of
mortality. Although the adverse effects of low maternal age at
marriage on child mortality (Raj et al., 2010) have been studied
widely, the adverse effects of a father’s low age at marriage on
under-five mortality in India remain understudied. To our
knowledge, no empirical studies were available to show the det-
rimental effect of <18 years of age at marriage of fathers on
offspring health in India (Jejeebhoy, 2019). The role of parental
education on child health has been studied globally. Our analysis
showed that parental education had a protective association with
any anthropometric failure, any anaemia and under-five mor-
tality. Parental education is a proxy indicator for economic
opportunities and appropriate health knowledge to take care of
their own health and the health of their children (Aslam and
Kingdon, 2012). Earlier studies on India and other low- and
middle-income countries have shown that paternal education is
important for reduction in child undernutrition (Vollmer et al.,
2017), and educated parents are more likely to ensure better
nutrition for their children (Alderman and Headey, 2017).

Furthermore, our analysis revealed that with increasing
maternal height, children had lower odds of any anthropometric
failure and were less likely to experience under-five mortality.
This finding is consistent with studies conducted in India (Sub-
ramanian et al, 2009) and in 54 low- and middle-income
countries (Ozaltin et al., 2010). Earlier studies on the association
between parental BMI and child health (undernutrition)
demonstrated that intergenerational associations in nutritional
status were not driven by maternal intrauterine influences (Sub-
ramanian et al.,, 2010). Similarly, findings of this study suggest
that increased BMI of fathers (18.50 through >30) and mothers
was associated with lower anthropometric failure, whereas
mothers’ BMI (18.50 through 29.99) was associated with lower
odds of anaemia.

Of behavioural lifestyle indicators, the results indicate that the
use of tobacco by mothers was associated with increased under-
five mortality. This finding concurs with studies conducted in
sub-Saharan African countries (Akinyemi et al., 2016), Southeast
Asian Countries (Andriani et al,, 2019) and India, where it was
suggested that smoking among mothers could lead to adverse
pregnancy outcomes (Suliankatchi and Sinha, 2016). Having
NCDs such as diabetes among fathers was associated with
increased risk of under-five mortality. Although a genetic
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Table 3 Association between parental characteristics and any anaemia (aged 6-59 months).

Model I2 Model IIP Model IlI¢
Number of Father Mother Father Mother
children with any
anaemia, n
Parental Father Mother OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value
characteristics
Age (in years)
15-29 5569 9964 1.00 1.00 1.00 1.00
30-39 6965 3738 0.86 (0.77-0.96)  0.008 0.92 (0.82-1.04) 0.186  0.88 (0.79-0.98) 0.021 0.95 (0.83-1.07)  0.390
>40 1536 368 0.83 (0.69-1.00)  0.045 0.94 (0.71-1.24) 0.659 0.85(0.70-1.03) 0.103 0.95 (0.70-1.29) 0.761
Age at marriage (years)
<18 1280 5195 1.00 1.00 1.00 1.00
18-20 3271 5150 1.01 (0.87-1.17) 0.928 1.04 (0.94-1.16) 0.427 1.00 (0.86-1.16)  0.964 1.05 (0.94-117) 0376
21-25 5934 3055 1.00 (0.86-1.15) 0.966 0.86 (0.75-0.99) 0.030 1.00 (0.86-1.16)  0.961 0.90 (0.78-1.05) 0.174
>26 3585 670 0.85 (0.71-1.00) 0.056 0.88 (0.68-1.14) 0.321 0.88 (0.74-1.05) 0.160 0.95 (0.73-1.24) 0.723
Education
No or 3775 5626 1.00 1.00 1.00 1.00
incomplete
primary
Primary or 7456 6232 0.86 (0.78-0.95) 0.003 0.85(0.77-0.94) 0.001 0.89 (0.80-0.98) 0.024  0.89 (0.81-0.98) 0.022
incomplete
secondary
Secondary 2839 2212 0.76 (0.67-0.87) <0.001 0.70 (0.60-0.81) <0.001 0.84 (0.73-0.97) 0.017 0.76 (0.65-0.89) 0.001
or higher
Employment
Unemployed 867 10,463 1.00 1.00 1.00 1.00
Non-manual 3176 611 0.97 (0.82-1.15) 0.729 110 (0.91-1.34) 0313  0.99 (0.83-1.17)  0.891 110 (0.90-1.33) 0.350
Agricultural 5217 2139 0.96 (0.82-1.13) 0.629 1.08 (0.97-1.21) 0.148  0.95 (0.81-1.12) 0.561 1.08 (0.97-1.21)  0.158
Manual/ 4810 857 0.96 (0.82-1.14) 0.667 1.06 (0.89-1.26) 0.546 0.97 (0.82-114)  0.670 1.06 (0.89-1.26) 0.527
others
Height (in cm)
<145 61 1704 1.00 1.00 1.00 1.00
145-149.9 303 3759 1.30 (0.66-2.57)  0.449 0.95 (0.83-1.09) 0.498 135 (0.68-2.68) 0.398 0.96 (0.84-1.10)  0.593
150-154.9 169 4725 1.34 (0.71-2.56) 0.366 0.99 (0.87-1.13) 0.876 140 (0.73-2.70) 0.307 1.00 (0.88-1.14)  0.995
155-159.9 2827 2830 1.14 (0.61-2.16) 0.676  0.95 (0.82-1.10) 0.516 120 (0.63-2.29) 0.571 0.97 (0.84-112)  0.639
>160 9710 1052 116 (0.62-2.18) 0.639  0.91(0.76-1.09) 0.324 123 (0.65-2.34) 0.525 0.94 (0.78-112)  0.487
BMI
<17.00 734 1496 1.00 1.00 1.00 1.00
17.00-18.49 1726 2303 119 (0.97-1.46) 0.090 0.87 (0.74-1.01) 0.072  1.21(0.99-148) 0.066 0.88 (0.76-1.03) 0.121
18.50-23.49 7741 7375 1.03 (0.86-1.23) 0.739  0.79 (0.69-0.91) 0.001 107 (0.89-1.28) 0.458 0.81 (0.71-0.93)  0.002
23.50-24.99 1623 1073 0.98 (0.80-1.21) 0.866 0.72 (0.60-0.87) 0.001 1.03(0.84-1.27) 0.765 0.74 (0.62-0.90) 0.002
25.00-29.99 1932 1438 0.91 (0.74-1.12) 0366 0.77 (0.64-0.92) 0.003 0.96 (0.78-119)  0.720  0.80 (0.67-0.95) 0.013
>30.00 314 385 0.94 (0.68-1.29) 0.707  0.81(0.61-1.06) 0.127 098 (0.71-1.36)  0.919 0.86 (0.66-1.13)  0.292
Tobacco use
Non-user 5517 12,843 1.00 1.00 1.00 1.00
User 8553 1227 0.95 (0.87-1.04) 0.268 0.93 (0.80-1.07) 0.281 0.94 (0.86-1.03) 0.203 0.92 (0.80-1.06) 0.276
Alcohol use
Non-user 8708 13,768 1.00 1.00 1.00 1.00
User 5362 302 0.93 (0.86-1.01) 0.105  0.83 (0.61-1.11) 0.209 0.93 (0.86-1.02) 0.118 0.84 (0.62-113)  0.247
Diabetes status
Non-diabetic 13,128 13,558 1.00 1.00 1.00 1.00
Diabetic 942 512 1.01 (0.86-1.17) 0.940 1.00 (0.78-1.28) 0.981 1.01 (0.87-1.17) 0.918 1.01 (0.79-1.29) 0.929
Hypertension status
Non- 13,498 13,891 1.00 1.00 1.00 1.00
hypertensive
Hypertensive 572 179 118 (0.97-1.42) 0.096 116 (0.85-1.57) 0355 117 (0.97-1.42) 0.098 116 (0.85-1.58)  0.342

All n are un-weighted.
BMI body mass index (kg/m?2), Cl confidence interval, OR odds ratio.

aAdjusted for father's characteristics and maternal age at birth, child age, sex, birth order, area of residence, religion, social group, wealth index, and states of residence.
bAdjusted for mother's characteristics and maternal age at birth, child age, sex, birth order, area of residence, religion, social group, wealth index, and states of residence.
CAdjusted for parental (father and mother) characteristics and maternal age at birth, child age, sex, birth order, area of residence, religion, social group, wealth index, and states of residence.

disposition could potentially explain the likelihood of poor health
outcomes of children of diabetic fathers (van Esch et al., 2010),
this finding needs further exploration on all the possible pathways
for which this relationship could be true. In addition, our mul-
tivariable analysis showing that children born to hypertensive
mothers had lower odds of experiencing any anthropometric
failure also requires further investigation, and this finding should
be interpreted with caution.

Conclusion

To conclude, this study highlights that early age at marriage
(<18 years) among men could be detrimental for the survival of
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their children. Education of parents was protective for any
anthropometric failure, any anaemia and mortality of their
children. As maternal height is a protective factor for any
anthropometric failure and under-five mortality, this study could
be valuable for pre-pregnancy preparation of prospective mothers
with relatively shorter height while ensuring that proper nutrition
and healthcare is available for children born to mothers with
short stature. As use of tobacco by mothers and fathers being
diabetic are associated with under-five mortality, a greater focus
on mandatory tobacco cessation counselling for women and
diabetes control programmes for men could be effective
interventions.
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