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Abstract. Under-nutrition is a serious health problem of developing countries, including Pakistan.
Despite the implementation of a number of health strategies for the vulnerable population (especially
children), the issue is still emerging and needs further investigation. The aim of this study was to
investigate the role of various ecological and maternal factors responsible of children’s nutritional health
variations. By using Pakistan Demographic and Health Survey (PDHS) data, maternal factors were
assessed as important factors of child under-nutrition. Multinomial nested logit regression and
classification tree analysis were performed. A total of 1870 children of age < 5 years were included in the
analysis and out of these 50.1% fall in the composite index of anthropometric failure (CIAF). Maternal
education, mother’s body mass index (BMI) and working status were among the significant factors while
decision making autonomy remain insignificant. Maternal factors have significant impact on child health
and use of CIAF as a measure of nutritional status is recommended for policy makers because of its
capability to estimate the overall burden of under-nutrition.

Keywords: child health, demographic and health survey, nested logit regression, wealth status,
classification tree

Introduction

Role of population’s nutritional status is important in socio-economic development
of a country. Adequate nutrition level for children’s growth and development is
imperative. Early years of life are of huge significance for mental as well as physical
growth of a child. However, this age is regularly set apart by micronutrient inadequacies
that meddle with ideal development. Moreover, children’s of this age are powerless
against the irresistible sicknesses such as diarrhea and acute respiratory infections (Final
Report PDHS, 2012-2013). It is, therefore, considered as one of the important
components of Sustainable Development Goals (SDGs) adopted by UN in 2015. A
malnourished child is more likely to die from common illnesses such as malaria,
measles, diarrhea and pneumonia (Chowdhury et al., 2016). Poor nutritional status
increases the risk of infection, morbidity and mortality along with decline of mental
development during the early years of child-hood (Endris et al., 2017). Hence, children
are more vulnerable to under-nutrition. United Nations statistics show that 155 million
children were stunted, 41 million were overweight and 52 million were wasted in 2016
(WHO, 2017). About 50% of these children live in the three south Asian countries, i.e.
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Pakistan, India and Bangladesh (Achadi et al., 2016), and under-nutrition is one of the
major challenges in these countries. Best nutritional status of the children is one of best
indicators of their well-being (Poda et al., 2017). A bunch of factors, which can affect
child under-nutrition, are considered by various studies. These factors comprise of
health care services, maternal literacy, wealth status, maternal decision making
autonomy etc. (Amugsi et al., 2014; Debnath and Bhattacharjee, 2016).

Maternal factors are considered as the most important factors for children’s health
(Vikram et al., 2012). Existing literature reveals that improved maternal education can
positively affect child’s health (Arooj et al., 2013). Numerous studies considered the
role of maternal factors as well as other socio-economic and demographic factors for
improvement of child under-nutrition in middle and low income countries (Poda et al.,
2017; Debnath and Bhattacharjee, 2016; Krishna et al., 2017; Sarma et al., 2017;
Rakotomanana et al., 2017; Altare et al., 2016; Alemayeha et al., 2015; Senbanjo et al.,
2013; Anekwe and Kumar, 2012; Pradhan, 2010). Gender of the child, child, size at
birth, maternal education, mother’s BMI, wealth status, dietary diversity, mother’s
decision making autonomy and vaccination were among the most important factors
affecting child under-nutrition in the above mention studies. However, some studies
showed insignificant relationship between child under-nutrition and mother’s BMI,
mother’s education, fathers educations as well as wealth status of household (Rahman,
2016; Sharma and Kader, 2013; Maiga, 2013).

Pakistan, with sixth largest country by population, is ranked at 124 out of 132
countries with 45% stunted children and 106 out of 130 countries with 11% prevalence
of wasting among children (Raju and D’Souza, 2017). According to global nutritin
report, only 0.7% of government expenditure is allocated for nutrition-sensitive
interventions, which is less than other countries in the region such as Nepal and
Bangladesh, with 3.1% and 2.1% allocations respectively (Achadi et al., 2016). It
reveals worst conditions of child under-nutrition in Pakistan and government
negligence. A number of studies have considered these issues and discuss various
causes of child under-nutrition. For example Tariq et al. (2018) identified that mother’s
BMI, rural residence, parental education, poverty and type of toilet facility were the
associated factors of child under-nutrition. A study explored that maternal health and
child health were among the most significant factors associated with stunting and
wasting (Achakzai and Khan, 2016). Wealth status was considered as important factor
of child under-nutrition while maternal education was declared insignificant by a study
(Khan and Raza, 2014). However, Mahmood et al. (2016) revealed that maternal
education was a significant factor to improve child under-nutrition in Pakistan.

Most of the aforementioned studies applied logistic framework and child under-
nutrition was measured through commonly used anthropometric indices named stunting,
wasting and underweight. These measures however, describe different dimensions of
under-nutrition and are overlapping. For instance, underweight is the composition of
both wasting and stunting, but does not make a separation between them (Fentahun et
al., 2016). Moreover, none of the conventional indices has capability to provide a
comprehensive measure of under-nutrition in the population (Khan and Raza, 2014).
Therefore, the use of single indicator, that must be able to capture the magnitude of
nutritional status and identify the susceptible part in the population, is needed. Peter
Svedberg, a development economist, proposed an important measure of child nutrition,
known as composite index of anthropometric failure (CIAF) (Svedberg, 2000). A
number of recent studies in the literature has used this proposed indicator for different
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countries (Endris et al., 2017; Khan and Raza, 2014; Fentahun et al., 2016; Sen and
Mondal, 2012; Ejaz and Azid, 2011; Das and Bose, 2011) and they have recommended
this indicator as an alternative measure of under-nutrition.

Conventional measures of under-nutrition (stunting, wasting and underweight) are
commonly used in the existing studies for Pakistan (Tariq et al., 2018; Arif et al., 2011;
Mushtaq et al., 2011). Moreover, neither of these studies focused on ecological and
maternal factors, solely, nor the exposure variables as well as control variables were
selected under UNICEF conceptual framework to analyze child under-nutrition.
Keeping in view these gaps the specific objectives of this study were: first, to check the
role/importance of maternal factors, selected under UNICEF conceptual framework, on
child under-nutrition. Second, to consider CIAF as an alternative measure of child
under-nutrition instead of conventional measures using nationwide community health
survey data.

Materials and methods
UNICEF conceptual framework and model specification

The analysis is performed under UNICEF conceptual framework that constitutes
three levels of causes of under-nutrition; immediate, underlying and basic levels
(UNICEF, 1990). This framework presents the general relationship between a set of
variables and child nutritional level. The immediate level causes comprise of dietary
intake and illness which are interlinked. If a child could not take nutritious food he/she
may be attacked by infectious diseases due to illness. On the other hand, if a child falls
ill then he/she may not be able to consume desired diet which in turn results into
malnourishment. Whether a child is in danger of infectious disease or whether he/she
gets insufficient food to consume, is the consequence of the underlying factors that are
consider as the household causes of under-nutrition. According to the framework of
household food security, maternal and child care and environmental factors are the main
causes under this level. The causes at the third level of the framework are the basic
causes which comprise of political, economic, genetic and socio-cultural factors.

Following the example of Akin et al. (1986) the specified econometric model of this
study is based on discrete choice models. Derivation of discrete choice models is based
on the hypothesis that the choice of an individual follows the maximization behavior of
the random utility (Anye and Yene, 2016). The utility u;; that ith child falling in the jth
category of CIAF is given by:

U = zie +xif; + &5 (Eq.1)

where U;; stands for nutritional outcome of the ith child falling in the jth category of
CIAF, z; varies over upper nest alternatives and x;;varies over both upper and lower nest
alternatives.

Data source and construction of variables

Pakistan Demographic and Health Survey (PDHS) data, version 2012-13, is used for
the analysis. Two stage sampling technique was used for the survey. At first stage 500
primary sampling units (248 urban and 252 rural) were selected by using probability
proportional to size. At second stage systematic sampling technique was used to select
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fixed no of household (28) from primary sampling units selected at first stage. A sample
of 14,000 household was selected. Out of 14,569 eligible women, 13,558 were
successfully interviewed from these selected households. These women contributed a
total of 11,763 live born children within five years before the survey. However, the
analysis in this study was limited to 1870 live born children of age 0-59 months
(< 5 years) who have valid information about the anthropometric measures. Complete
details about sampling procedure and data collection can be found elsewhere (Final
Report PDHS 2012-2013).

Response variable

The response variable in this study is the new policy-relevant anthropometric
indicator of under-nutrition known as CIAF. The proposed CIAF comprises seven
anthropometric failure groups. A Child with height-for-age Z-score (HAZ), weight-for-
height Z-score (WHZ) and weight-for-age Z-score (WAZ), below -2 standard deviations
from the median of the WHO reference population, are considered to be stunted, wasted
and underweight respectively (PDHS report, 2012-13). All these children were
distributed into seven groups following Nandy et al., 2005. The details of groups are
given in Table 1.

Table 1. Different groups used for construction of response variable (CIAF)

Group Description Wasting | Stunting | Underweight N (%)
A No failure No No No 933(49.9)
B Wasting only Yes No No 70(3.7)
C Wasting & Underweight Yes No Yes 67(3.6)
D Wasting, Stunting & Underweight Yes Yes Yes 93(5.0)
E Stunting & Underweight No Yes Yes 305(16.3)
F Stunting only No Yes No 374(20.0)
Y Underweight only No No Yes 28(1.5)

Wasted children = 70 + 67 + 93 = 230 (12.3%); Stunted children = 93 + 305 + 374 = 772 (41.3%)
Underweight = 67 + 93 + 305 + 28 = 493 (26.4%); No of children fall in CIAF = 937 (50.1%)

Explanatory variables

A range of indicators were included in the analysis under different layers of
UNICEF’s conceptual framework. The data were extracted from the PDHS data and re-
categorized (where necessary). These indicators include vaccination status (categorized
as non-vaccinated, who did not receive a single dose of any of the prescribed vaccines,
partially-vaccinated, who has receive at least one of the vaccine but not complete doses
and fully-vaccinated, who received the complete dose of all vaccines), household wealth
status was used as proxy for wealth index, given in the survey data, generated by
applying principal component analysis on the factors of household ownership of assets
(such as bicycle, motorcycle, car, radio, television, etc.) and characteristics of dwellings
(such as roof material, main floor material, etc). The index was subsequently cut into
quintiles as poorest, poorer, middle, richer and richest and we have re-categorize by
merging poorest and poor to only poor and similarly by merging rich and riches and
consider as rich only. In this way we have three categories for wealth status as poor,
middle and rich. Type of toilet facility was categorized as poor quality, intermediate
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quality and high quality following the method of (Fink et al., 2011). Maternal
nutritional level was measured using the BMI (calculated as mother’s weight in
kilograms (kg) divided by her height in meters squared) and categorized as overweight
(if BMI>25.0), normal (18.5<BMI<25.0) and underweight (if BMI <18.5).
Mother’s autonomy was based on four questions asked to the respondent regarding who
take the decisions in the household about her own health care, large purchase, visit to
family/relatives and the consumption of husband earnings. The possible answers were
as follows: (i) Respondent alone, (ii) Respondent and husband/partner, (iii)
Husband/partner alone, (iv) family elders and (v) others. A value of 1 was assigned if
the answer was (i) or (ii) and O for (iii), (iv) or (v), for each question. These recoded
values were then added to get a score ranging from O to 4. These scores were then
categorized into three categories as: no-autonomy if the score value is 0, partial
autonomy if the score value is 1, 2 or 3 and the full autonomy if she got a score 4.
Different regions are presented in Figure Al and different categories of considered
factors can be seen in Table Al in the Appendix.

Methodology of analysis

Analysis is conducted in three stages i.e. descriptive analysis, classification tree
analysis and regression analysis based on multinomial nested logit modeling.
Percentage distribution of explanatory variables and CIAF categories were explained at
first stage. In order to find most effecting maternal factors and their inherent
associations with CIAF, we consider a non-parametric techniques, known as
classification tree (CT) formalized by (Breiman et al., 1984). It works as an exploratory
procedure and select the exposure variables that are most important for analyzing the
behaviour of response variable. The CT has tree like structure, where terminal nodes
represent the CIAF categories. The initial node split the data into two subsets which are
further split to second level partition. By default, Gini index is the splitting criteria used
in CT (Pawloski and Kitsantas, 2008). An indicator split is known as best split if it
observes relatively high value of homogeneity, measured through Gini impurity
function, in the node. The impurity got maximized if all observations are equally
distributed among different categories of the variable, which implies that at these nodes
provides least interesting information. Gini index got minimized if all the observations
belong to only one category of the variable which implies that this node provides most
interesting information. The tree stops growing if the terminal nodes approach either of
these two conditions (Jung et al., 2014).

For regression analysis Equation 1 can be summarized by:

Ui_i' = IIr,i_i' + & (qu)

Here the term 17; is the observable component of child under-nutrition (comprising of
immediate, underlying and basic factors) and &; is the unobservable random part. The

probability of a child falling in category j is equal to the probability of such a category
that yield a maximum level of utility for him, that is

Py =Pr(U; > Ug) :vj 2k (Eq.3)
Py =PV + 5> Vg +2) sV 2k (Eq.4)
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By =Pl — Vi m e — ) iV 2k (Eq.5)

Since the econometric specification depends upon the hypothesis regarding the
distributional form of the error term of Equation 5. If the error term is assumed to
follow normal distribution, then the estimated model would be a probit model. Though a
probit model relax the IIA property and is attractive; however, probit models are
infeasible due to their computational difficulties (Ben-Akiva et al., 1985; Adhikari,
2011). An alternative way to model this type of phenomenon is that =; is assumed to
follow generalized extreme value (GEV) distribution. By assuming the GEV
distribution, a closed form model can be estimated using maximum likelihood method.
According to (McFadden, 1981) it produces multinomial logit model
B; = exp(¥;) /X, exp (¥, ). However, this specification may create a severe problem.
Since multinomial logit model assumes that unobservable terms (s;;‘s) are identically
and independently distributed (I11D) and the assumption of independence of irrelevant
alternatives (I1A) is not violated. In our case, some of the categories of CIAF are likely
to share the error terms and thus be correlated that may violate the IIA property. To
circumvent this situation, a more generalized form of multinomial logit model is
referred to as multinomial nested logit (MNL) model (McFadden, 1981) which relax
1A assumption (Anya and Yene, 2016). The use of MNL procedure implies that the
under-nutrition categories can be organized into an understandable nesting structure.
Consider that the nesting structure of the j alternatives can be seen in Figure 1.

Under-nutrition

No Yes

e . e

Figure 1. Two-level nested structure of groups of CIAF

A child may fall into one of the two categories (i. e. nourished or not-nourished) and
if he/she fall in not-nourished category then he/she fall in one of the six categories of
CIAF (i.e. B, C, D, E, F, Y). The probability that a child fall in category ; given that
he/she is malnourished is given by the equation:

P, =P =Py (Eq.6)

t
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where B is the conditional probability of falling in the jth category being in ith
category of under-nutrition (i.e. at lower-nest) and 7 is the marginal probability of
falling in ith alternative at upper-nest. Moreover,

__exp [ze + ]
f TR ewp [zle + T3] (Ea.7)
P, = exp [-ri_i'.":“j'.-'i]
e E:.-r'=1m{p (xi;8;] (Eq.8)

with I; = In (ZI_, exp[x;;8;:] ). Here I; is the inclusive value representing the maximum
value of the attributes that determine the probability of a child falling in category:. =;is
the coefficient and its value must ranges from zero to one to be consistent with the NL
derivation (McFadden, 1981). The NL model is estimated using full information
maximum likelihood procedure. This method estimates the parameters in all stages
simultaneously and produces consistent and efficient results (Hu and Donnell, 2010).
Stata version 14 and Party-package of R were used for the regression analysis and
classification trees respectively.

Results
Descriptive analysis

A total of 1870, children of age <5 yrs were included in the analysis. Out of these
children, about half (934 out of 1870) were female. According to the conventional
indices of under-nutrition, 41.3% (772 out of 1870) were stunted, 12.3% (230 out of
1870) were wasted and 26.4% (493 out of 1870) were underweight among the studied
sample. However, according to the CIAF, about 51% (937 out of 1870) of the children
suffer from at least one of the groups (Group B-Y) and overall 49.9%(933 out of 1870)
of the children fall in Group-A (i.e. without any failure). The highest prevalence of
malnourishment was found to be in Group-F (20%: 374 out of 1870) followed by
Group-E (16.3%: 305 out of 1870) while, Group-Y it was observed to be lowest with
respect to malnourishment (1.5%: 28 out of 1870). Moreover, it was found to be
approximately same in Group-B (3.7%: 70 out of 1870) and Group-C (3.6%: 67 out of
1870).

Majority of the mothers were uneducated (51.44%; 962 out of 1870) and have no
autonomy (45.7%: 855 out of 1870) while, least of the women were underweight (12%:
225 out of 1870) among the studied sample. Prevalence of malnourished children
among the poor and non-educated mothers remained high in failure groups E and F
(23.3% & 25% for poor and 21.3% & 237% for non-educated mothers respectively).
Moreover, percentage of undernourished children was lower in case of working mother
(34.6%; 120 out of 347). Underweight mothers have high ratio of underweight and
stunted children (i.e. Group-E: 29.3%; 66 out of 225). Six hundred and thirty six (34%:
636 out of 1870) children were resident of Punjab region followed by region Sindh
(24%: 450 out of 1870). Percentage of nourished children stood high for Islamabad
region (70.6%). About 40% (755 out of 1870) of the children belong to poor families
(Table 2).
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Table 2. Percentage distribution of socio-economic and demographic factors of CIAF

Total Different categories of CIAF
Variables A B C D E F Y
f | % % % % % % %
Regions
Punjab 636 34.0 55.8 2.8 35 3.9 15.4 17.0 15
Sindh 450 24.1 37.6 3.3 4.7 7.8 26.0 18.0 2.7
KPK 316 16.8 57.6 3.8 4.1 4.1 13.9 15.8 0.6
Blochistan 176 9.4 25.0 23 2.3 9.1 17.6 43.2 0.6
GB 172 9.3 57.2 6.4 2.3 1.2 5.8 27.2 0.0
Islamabad 119 6.4 70.6 8.4 2.5 1.7 4.2 10.1 25
Type of residence
Urban 789 42.2 56.3 4.3 2.7 4.6 12.3 18.4 1.4
Rural 1081 57.8 45.2 3.3 4.3 5.2 19.2 21.2 1.6
Gender
Male 936 50.1 48.1 3.8 3.9 5.8 17.0 19.9 1.5
Female 934 49.9 51.7 3.6 3.2 4.2 15.6 20.1 15
Wealth status
Poor 755 404 35.6 2.9 4.1 7.7 23.3 25.0 1.3
Middle 363 19.4 50.1 5.2 4.4 2.5 14.3 21.2 2.3
Rich 752 40.2 64.1 3.9 2.7 3.4 10.2 14.4 1.3
Mother ’s education
No education 962 514 38.6 3.3 45 7.2 21.3 23.7 1.5
Primary 311 16.6 48.9 51 2.6 2.9 18.3 19.3 2.9
Secondary 387 20.7 68.0 3.4 2.8 3.1 8.3 13.7 0.8
Higher and above 210 11.2 70.0 4.3 2.4 1.4 5.2 15.7 0.9
Vaccination
Not vaccinated 178 9.5 354 5.1 3.9 7.3 20.2 275 0.6
Partially vaccinated 1094 58.5 48.8 4.1 35 4.8 175 19.5 1.8
Fully vaccinated 598 32.0 56.2 2.7 3.7 4.5 13.0 18.7 1.2
Working mother
No 1523 81.4 53.4 3.8 3.6 4.5 14.4 19.0 1.3
Yes 347 18.6 34.6 35 35 7.2 24.5 245 2.3
Had diarrhea
No 1430 76.5 51.0 3.6 2.8 4.3 16.5 20.4 1.4
Yes 440 235 46.4 4.1 6.1 7.0 15.7 18.9 1.8
Mother’s BMI
Normal 1098 58.7 47.8 4.1 3.3 4.9 17.7 20.5 1.7
Underweight 225 12.0 36.0 2.2 5.8 10.7 29.3 15.1 0.9
Overweight 547 29.3 59.8 3.7 3.3 2.7 8.2 21.0 1.3
Mother ’s autonomy
No autonomy 855 45.7 47.6 3.4 39 53 17.1 21.2 1.6
Partial-autonomy 532 28.5 57.5 2.6 2.6 5.3 145 16.2 13
Full-autonomy 483 25.8 45.6 5.6 4.1 4.1 17.0 22.2 14
Toilet type
High quality 1270 68.0 38.3 3.4 4.8 7.8 230 | 213 1.4
Medium quality 187 10.0 36.9 2.7 2.1 7.0 19.2 | 305 1.6
Poor quality 413 22.1 55.6 4.0 3.4 3.8 13.7 18.0 15
Sex of household head
Male 1740 93.1 50.3 3.7 3.7 51 157 | 200 1.6
Female 130 6.9 44.6 4.6 2.3 3.9 246 | 200 0.0
Total 1870 100.0 499 3.7 3.6 5.0 16.3 | 20.0 1.5
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Classification tree analysis

Two classification trees were constructed in our study. Figure A2 (Appendix)
demonstrates the first tree where mother’s related variables (mother’s education,
mother’s autonomy, mother’s BMI, household wealth status and working status of
mother) were considered. At the primary split the nutritional status of child is divided
into two groups according to the mother’s education (one is secondary and higher and
the other is non-educated and primary). Subsequently node 2 is further divided
according to the mother’s BMI (underweight; normal and overweight) while, node 5
split into two groups according to wealth status (poor, middle and rich) while, node 6
and 9 are also split according to the mother’s BMI (underweight; normal and
overweight). There are total 11 nodes. There is higher percentage (about 20%; terminal
node 3) of malnourished child with stunting and underweight (Group-F) whose mother
has higher or secondary education with low BMI (underweight) while, about 70% of
children are well nourished (Group-A) if the mother’s nutritional level is better (i.e. she
is normal or overweigh). Moreover, about 40% children (terminal node 8) belongs to
mothers who either have primary education or non-educated, with lower BMI, are
stunted and underweight (Group-E). Middle class or rich mothers with lower nutritional
status have about 25% of the children with failure groups E and F (terminal node, 10).
In the second tree (Fig. A3 in the Appendix), impact of interactions of mother’s
schooling and working status on her child’s nutritional level was presented. At the top,
mother’s education is divided into two groups (one is secondary and higher and the
other is non-educated and primary). If the mother has secondary or higher education,
about 70% of the children are with Group-A (i.e. well nourished; terminal node, 2)
while, we move to node 3 if the mother has either primary- or no-education which
further split mother’s working status in two groups (yes and no). Node 4 showed that
about 25% of the children prone to failure Groups E and F who belongs to working
mothers with primary or no-education. However, if their mother is not working, the
nutritional status of children of mothers having primary education is better than that of
non-educated mothers (about 55% vs. 40%: terminal node 6 and 7).

Multinomial nested logit analysis

Associations of different groups of CIAF (Group B-Y) and various demographic and
socio-economic factors, based on nested logit model, are shown in Table 3 (Odd ratios
and estimates with standard errors for upper nest) and Table 4 (Odd ratios and estimates
with standard errors for lower nest). The results at lower nest suggested that children,
observed to have group C, D and E, were found a higher significant association with
various exposure variables at that level. Table 3 shows that inclusive value at lower nest
was found to be 0.38 with p-value < 0.05, which suggests that shared unobservable are
significantly present between different categories of CAIF (Group B-Y). According to
the Wald-test the nesting structure is appropriate (Wald chi2 = 230.13, p-value < 0.001)
while, likelihood ratio test for 1A property indicates that nested logit, is in fact,
probably more convenient (chi2 (1) =15.43, p-value <0.001). The results and
interpretations of variables at lower nest are briefly given below.

Effect of mother education: Mother education was found to be a highly significant
factor of CIAF groups (Groups B-Y). Children of mothers with secondary education as
compared to non-educated mothers were at about 50% lower risk to be lying in groups
C, D, E and F (Table 4). However, this percentage fall down to 40% (OR = 0.61) for
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group-B. If mother’s education improved (higher and above), the nutritional level of
children also improved. The results stated significantly lower odds for those children
whose mothers have higher or above education. OR = 0.34, for group-D and OR = 0.40,
for group-E). Moreover, mother’s primary education does not show a significant
association, implying that there exist no relative difference among the children of non
educated mothers and those with primary education, regarding under-nutrition.

Effect of vaccination: The association of CIAF groups showed that vaccinated
children were less likely to be malnourished as compared to non-vaccinated children.
The odd values were significantly lower for the children of failure Group-B
(OR =0.55), Group-C (OR =0.53), Group-D (OR =0.57) and Group-Y (OR =0.51).
Those who were completely vaccinated have about 50% lower risk to fall in failure
group-B (OR =0.52) and Group-Y (OR =0.50). However, the association of fully
vaccinated children remained insignificant.

Effect of mother’s Working Status: The impact of mother’s working status was found
to have higher effect on child under-nutrition. There were 36 percent more chances of
falling in Group-F (OR =1.36) and 31% more chance of lying in Group-F for the
children of working mothers (OR = 1.31).

Effect of Diarrhea: Child who had diarrhea within two weeks prior to survey were
found to have significantly higher odds for those suffering from wasting and
underweight group (Group-C: OR =1.48) and multiple failure group (Group-D:
OR =1.38).

Table 3. Nested logit analysis of factors at upper nest

Variables OR ‘ Estimate (SE)
Gender
Male 1
Female 0.83* -0.19 (0.10)
Type of residence
Urban 1
Rural 0.99 -0.01 (0.12)
Region
Punjab 1
Sindh 1.80** 0.58 (0.14)
KPK 0.88 -0.12 (0.15)
Blochistan 3.17** 1.15(0.22)
GB 0.77 -0.26 (0.20)
Islamabad 0.69 -0.37 (0.23)
Wealth status
Poor 1
Middle 0.70** -0.35(0.15)
Rich 0.51** -0.67 (0.17)
Sex of household head
Male 1
Female 1.42* 0.35(0.19)

Inclusive value = 0.39; P-value < 0.05; Wald chi2(88) =230.13; P-value <0.001; Log-likelihood = -
2487.13; LR test for I1A: chi2(1) = 15.43; P-value < 0.001. N = 1870; OR: odd ratios; ** < .05, * < .10
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Table 4. Factors associated with different groups of CIAF at lower nest

Group B Group C Group D Group E Group F Group Y
Variables OR Es;usrg?te OR Eséusné?te OR Es(tlsné?te OR Es(tlsné?te OR Es(téné?te OR Es(térlr;‘)elte
Mother’s education

No education Ref Ref Ref Ref Ref Ref
Primary 1.09 0.09 (0.19) 0.74 | -0.29 (0.23) 0.69 -0.36 (0.24) 0.99 -0.01 (0.16) 0.94 -0.06 (0.15) 1.09 0.09 (0.22)
Secondary 0.61** | -0.50(0.20) | 0.49** | -0.71(0.20) | 0.46** -0.78 (0.20) 0.49** -0.72 (0.17) 0.55** -0.60 (0.16) 0.43** | -0.85 (0.29)
Higher and above 0.67 -0.40 (0.28) | 0.46** | -0.78 (0.27) | 0.34** -1.09 (0.33) 0.41** -0.90 (0.24) 0.54** -0.62 (0.21) 0.45** | -0.80 (0.35)

Vaccination

Not vaccinated Ref Ref Ref Ref Ref Ref
Partially vaccinated| 0.56 ** | -0.59 (0.27) | 0.53** | -0.62 (0.28) | 0.57** -0.57 (0.26) 0.86 -0.15 (0.16) 0.86 -0.14 (0.15) 0.51** | -0.68 (0.32)
Fully vaccinated 0.52 -0.66 (0.36) | 0.67 |-0.40(0.27) 0.73 -0.32 (0.25) 0.98 -0.01 (0.18) 1.04 0.04 (0.17) 0.5 -0.69 (0.40)

Working mother

No Ref Ref Ref Ref Ref Ref

Yes 1.14 0.13 (0.20) 1.07 | 0.07 (0.21) 1.28 0.25 (0.17) 1.36** 0.31 (0.15) 1.31** 0.27 (0.15) 1.42 0.35(0.22)
Had diarrhea

No Ref Ref Ref Ref Ref Ref

Yes 1.17 0.16 (0.16) | 1.48** | 0.39(0.16) | 1.38** 0.32 (0.15) 1.15 0.15 (0.13) 1.16 0.15 (0.12) 1.15 0.14 (0.19)
Mother’s BMI

Normal Ref Ref Ref Ref Ref Ref
Underweight 1.06 0.06 (0.28) | 1.57** | 0.46 (0.20) | 1.73** 0.55 (0.19) 1.64** 0.49 (0.17) 1.24 0.21 (0.19) 0.92 -0.08 (0.38)
Overweight 0.82 -0.20 (0.16) | 0.87 |-0.14 (0.15) | 0.74* -0.39 (0.17) 0.74* 0.30 (0.15) 0.99 -0.01 (0.13) 0.72 -0.33 (0.21)

Mother’s autonomy

No autonomy Ref Ref Ref Ref Ref Ref
Single autonomy 0.89 -0.11 (0.18) | 0.87 |-0.14(0.18) 1.06 0.06 (0.15) 1.02 0.02 (0.14) 0.96 -0.04 (0.13) 0.85 | -0.16(0.22)
Multiple autonomy| 1.31* 0.27 (0.16) 1.09 | 0.09 (0.16) 0.02 0.02 (0.18) 1.16 0.16 (0.14) 1.22 0.20 (0.13) 0.91 -0.08 (0.24)

Toilet type

High quality Ref Ref Ref Ref Ref Ref
Medium quality 0.63 -0.45(0.30) | 0.58 |-0.52(0.33) 0.85 -0.16 (0.22) 0.9 -0.10 (0.20) 1.04 0.04 (0.20) 0.59 -0.53 (0.35)
Poor quality 0.79 -0.23(0.21) | 0.85 |-0.15(0.18) 0.92 -0.08 (0.17) 1.01 0.01 (0.14) 0.99 -0.01 (0.14) 0.64 -0.45 (0.30)

N = 1870; OR: odd ratios; ** < .05, * < .10; SE: standard error
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Effect of Mother’s BMI: Children of under-weight mother’s were found to have
significantly higher odds of falling in Group-C (OR = 1.57), Group-D (OR = 1.73) and
Group-E (OR = 1.64). While, the children of overweight mother were less likely to be
malnourished (OR = 0.74 for Group-D and OR = 0.74 for Group-E).

Mother’s autonomy as well as toilet facility is among the important factors of
UNICEF framework but their association could not found to be significant. We turn to
the results and interpretation of variables at upper nest. A brief description is given
below:

Effect of Gender: There were 17% lower chance of falling in under-nutrition for
female child (OR = 0.87) as compared to the male child.

Effect of Wealth Status: Wealth status is among the important factors affecting
child’s nutritional status at upper nest. The children of middle class families were 30%
(OR =10.70) less likely to be malnourished while, rich children were at 49% at lower
risk of under-nutrition as compared to poor children (OR = 0.51).

Regional Effects: Geographic location affects the health status of child. There were
80% (OR =1.79) more chances of falling in under-nutrition for Sindhi child. However,
the children of Baluchistan were three times more likely to fall in the anthropometric
failure (OR =3.17) as compared to the children of Punjab. There is no significant
difference between KPK, GB and Islamabad regions as compared to Punjab with
respect to child under-nutrition.

Type of Place of Residence: there exist no significant association between type of
place of residence and child under-nutrition.

Sex of Household Head: children of female headed household were 42% more likely
to be malnourished as compared to children of male headed households (OR = 1.42).

Discussion

Assessment of the nutritional status of children (of age <5 yrs) plays an important
role in developing countries, such as Pakistan, where the major part of population is
malnourished (Sen and Mondal, 2012). According to the conventional measures, the
prevalence of stunting, wasting and underweight remained 41.3%, 12.3% and 26.4%
respectively among the studied sample, while the prevalence of under-nutrition was
51.1% using the CIAF. Based on the CIAF, the results of this study are higher as
compared to other countries such as Ethiopia (Fentahun et al., 2016), while the position
is little bit better than India (Dasgupta et al., 2015).

Classification trees may work as a useful alternative to the traditional statistical
techniques such as logistic regression (Pawloski and Kitsantas, 2008). It is one of the
data mining techniques that can identify subgroups in the data that share similar
characteristics (Marshall, 2001) and display the results graphically which helps in
understanding their interpretations. This display of classification tree can help in
understanding how maternal factors interact to define and understand the importance of
each variable examined. Moreover, some studies provide the comparison of
classification trees with logistic regression models (Pawloski and Kitsantas, 2008;
Kitsantas et al., 2007) and found that both methodologies provide comparable predictive
performance. In this study, the classification trees revealed that mother’s schooling is
the most important factor among the maternal factor. The data also show that the
children of educated (even primary) and healthy mothers living in household with
middle or rich wealth status, were more likely to bear better nutritional status while, if
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the mother’s education is secondary or above the wealth status does not matter.
Furthermore if mother has secondary or higher education then her work status does not
affect her child’s nutritional health. However, if she has either primary education or no-
education then work status influence her child’s nutritional level. Interestingly, mother’s
autonomy did not appear in the classification tree display (Fig. B1), suggesting that
maternal autonomy may not play an important role for the prediction of poor nutritional
status in our case. The results suggested by the tree structure also support the findings of
nested logit model as well.

There exist a significant association between regions of residence and the nutritional
status of children. Children of Balochistan region are at high risk of falling under-
nutrition followed by region Sindh. Similar results were found in some other studies for
Pakistan (Tarig et al., 2018). This may be due the cultural norms, seasonal food
insecurity, poor health, and sanitation conditions. There are various aspects of gender
discrimination in the literature. Some studies revealed that girls are at greater risk as
compared to boys (Khan and Raza, 2014; Petrou and Kupek, 2010), while others
demonstrated that male child is more likely to be undernourished (Alemayehu et al.,
2015; Kandala et al., 2011). However, some studies showed no discrimination (Arif et
al., 2011; Mushtaq et al., 2011). Our results showed that female children are less likely
to be malnourished, which are in the line with different examinations on the planet
(Poda et al., 2017; Altare et al., 2016; Hazarika, 2000). It may be due to the reason as
female are less active and stay at home near food preparation. Another explanation may
be that the economies like Pakistan, where women’s role is important especially as
agriculture labour; women’s health is preferred (Akombi et al., 2017). A number of
studies addressed that children of urban areas have better nutritional status than rural
areas (Ejaz and Azid, 2011; Kandala et al., 2011; Hazarika, 2000). The results of this
study uncovered no critical relationship amongst categories of CIAF and sort of place of
home. Other studies have also showed the similar result (Poda et al., 2017; Rahman et
al., 2015). The findings of this study also demonstrate that children of female headed
households were more likely to prone in under nutrition. Commonly female headed
households, in middle and low income countries, are those where child’s mother is a
widow or divorced. These households are generally poorer, own less and have lower
access to good jobs which ultimately impact the health status of their residents. Similar
results can be found elsewhere (Haidar and Kogi-Makau, 2009).

We examined how mothers ‘decision making autonomy was associated with the
likelihood of childhood under-nutrition. The finding suggests that mothers’ sole
decision-making as well as partial decision making was not associated with the
likelihood of childhood under-nutrition. This result may suggest that child’s nutritional
status is not affected by who makes decisions in the household. There exist mixed
results regarding mother’s autonomy in empirical studies conducted in other countries.
For example Deasi and Jhnson (2005) conducted a cross-country study for 12
developing countries, using DHS datasets, found that impact of mother’s autonomy on
height-for-age was positive for Mali and India however, negative association was found
between child’s nutrition and height for age in Haiti and Malawi. Non-significant results
were also found in some studies (Kamiya et al., 2018).

Maternal education is one of the important factors of child health (Asif et al., 2017).
There is an extensive literature supported the consequence that improved maternal
education to be one of the protective measures of child’s poor nutritional status
(Alemayehu et al., 2015; Khan and Raza, 2014; Asena and Teni, 2015; Solanki et al.,
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2014; Frongillo et al., 1997). Our study also showed that children of educated mothers
(at least secondary) are less likely to fall in CIAF (in Categories B-Y). These results are
consistent with other studies (Endris et al., 2017; Poda et al., 2017). An improvement in
women’s educational status may consider as a proxy for the increment in the household
decision making autonomy which further act as a mediator for the relation between
child’s nutrition and mother’s decision making autonomy (Akombi et al., 2017).
Another way of explanation may be that an educated mother may get well pay jobs and
more empowered in developing countries (Kandala et al., 2011) which positively affect
the child’s health ultimately. Thus, we may conclude that improved educational status
of mother may consider as a protective measure of childhood under-nutrition.

In the present study we have evaluated the association between child’s nutrition and
mother’s anthropometrics characteristic. Results indicated that maternal BMI was
significantly associated with children nutritional status. Different Studies round the
world showed that underweight mothers were more likely to have malnourished
children as compared to normal or overweight mothers (Poda et al., 2017; Debnath and
Bhattacharjee, 2016; Rahman et al., 2015; Tigga and Son, 2016; Ajslev et al., 2014;
Fleten et al., 2012). This relationship also indicate and intergenerational transfer of
socio-economic adversity and poor maternal health to child. Poverty may be another
cause of low maternal BMI because poor mother are nutritionally deprived during early
age which may not improve even after marriage. Moreover, social causes such early
marriage, lack of birth spacing, and discrimination of food distribution in male
dominant families may increase under-nutrition among mothers. The results of this
study revealed that children of working mothers were more likely to prone under-
nutrition. This may be due to the reasons: first, is that the working mothers have less
time for care and feeding of their offspring. Second, generally the mothers of low-
income families are less educated and engaged in informal work to earn a little money
for the survival of their family. Moreover, such families lived in an unclear environment
which adversely affects their health. Similar result can be found in the studies
conducted for other countries (Toyama et al., 2001). Diarrhea is one of the important
factors of child’s death and illness in developing countries (Checkley et al., 2008) which
may affect the child’s health instantly. The findings of this study demonstrated that
children with diarrhea were more likely to fall in Group-C and Group-D of CIAF. The
reason behind might be that, diarrhea impact the child nutritional status indirectly as a
child with diarrhea could not consume food properly and ultimately fall in
undernourishment. Childhood vaccination may strengthen children’s nutritional level
and lead to a better childhood development in low and middle income countries, where
20% of children fewer than 5 years of age have low weight for age (underweight) and
about 32% have low height for age (stunted). Childhood under-nutrition accounts for
35% of deaths worldwide among children of fewer than 5 years because it increases the
risk of mortality due to infectious diseases (Anekwe and Kumar, 2012). The findings of
our study showed that nutritional level can improve even if the child is partially
immunized. Though the results for fully vaccinated children has been reported to be
insignificant however this finding does not deny the importance of full vaccination for
child’s better nutritional status (Debnath and Bhattacharjee, 2016).

An association between household wealth status and child nutrition has been shown
in several studies (Chowdhury et al., 2016; Poda et al., 2017). It is found that the
children of middle class and rich families were less likely to fall in the CIAF. Other
studies also demonstrated similar results (Chowdhury et al., 2016; Kandala et al., 2011;
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Petrou and Kupek, 2010; Darteh et al., 2014). This is perhaps due to the reason that well
off households may have better access to basic facilities such as good and nutritious
food. On the other hand, children of poor SES are more likely to prone anthropometric
failure due to insufficient intake, greater exposure to infection as well as lack of access
to the basic needs (Hazarika, 2000). A study in Bangladesh has shown that parents of
richer families are more likely to be educated than those from poor families, and thus
have better access to food, allocate higher proportion of resources for children’s welfare
and improved standard of living (Sarma et al., 2017), which in turn gives better
healthcare to the child. Another study investigating the interaction between SES and the
mother’s education in connection to child health, found that the impact of improved
maternal education turned to be more protective for the children of rich families, while
father’s education works independently of SES and considered as protective element
(Hatt and Waters, 2006).

Conclusion

A significant association among child under-nutrition and maternal factors in
Pakistan underscore the requirement for sustained investment to highlight social factors
and reproductive health. Our analysis has identified the most vital determinants
influencing the child under-nutrition which may play a crucial role in the literature on
the association of CIAF with socio-economic and demographic variables. There is need
of interventions by the government in collaboration with non-governmental
organizations, like USAID, for the improvement of children’s nutritional level,
especially in under-developed regions such as Blochistan and Sindh. The local
governments representatives (Such as UC chairman, councilors etc.) in cooperation with
civil society should work to frame child’s nutritional level as a national development
agenda. Steps should be taken to improve the maternal status in the society, especially
the mother’s education and her nutritional level. Such programmes should be launched
that focus on increase in the women’s role in the society, such as skilled education, well
paid job opportunities and better health facilities. Moreover, the interventions for the
improvement of household wealth status and the effective nutritional strategies (such as
Benazir Income Support Programme (unconditional cash transfer for poverty reduction)
and Health/Sehat cards (used for free or reduced-rate medical treatment issued by the
government), over the long period, should be considered. However, for short run,
maternal and child health programs as well as the provision of supplement food on
subsidized rate may be useful for eradication of under-nutrition. The progress in
preventive measures for infectious diseases, such as diarrhea, need attention of policy-
makers to reduce child under-nutrition. Moreover, Lower maternal BMI needs attention
in order to break the inter-generational existence of under-nutrition.

The use of CIAF as a measure nutritional status will serve to access more precise
identification of nutritionally more vulnerable segments of population since, it has
enough potential to improve the efficacy of different nutritional interventions by
recognizing different failure groups (single, double and multiple) and also it gives an
estimate of overall burden of under-nutrition. Therefore, further research on causes of
malnutrition, taking CIAF as measure of malnutrition, is needed. Moreover,
reproductive health care, maternal dietary pattern, access to information might be
associated with children’s nutritional status, therefore further studies should consider
such maternal factors also, while investigating the causes of child under-nutrition.
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Moreover, child’s dietary pattern should be considered while exploring the causes of
child under-nutrition.
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APPENDIX

Table Al. Descriptions of explanatory variables

Variables Categories (zero is the reference category)
Region Punjab =0, Sindh = 1, KPK =2, Blochistan = 3, GB = 4, Islamabad =5
Type of residence Urban =0, Rural = 1
Gender Male =0, Female = 1
Wealth status Poor =0, Middle =1, Rich=2
Mother’s education No-education = 0, Primary = 1, Secondary = 2, Higher & Above =3
Working mother No=0, Yes=1
Mother’s BMI Normal = 0, Underweight = 1, Overweight = 2
Mother’s autonomy No-autonomy = 0, Partial-autonomy = 1, Full-autonomy = 2
Diarrhea No=0, Yes=1
Vaccination Not-vaccinated = 0, Partially-vaccinated = 1, Fully-vaccinated = 2
Sex of household head Male =0, Female = 1
Type of toilet High-quality = 0, Medium-quality = 1, poor-quality = 2
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Figure Al. Map showing different regions
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Figure A3. Interactions for mother’s education and mother’s working status
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