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Abstract

Sufficient and nourishing foods during the early years of a child’s life are essential for
optimal growth and healthy life. The existing disparities among rural-urban populations
also affect the dietary pattern as well. Therefore, this study aims to identify the factors
that contribute towards the rural-urban disparity in children’s dietary diversity (CDD)
and quantify their importance for the reduction of rural-urban disparities in achieving a
minimum dietary diversity level. Using Pakistan Demographic and Health Survey (PDHS)
data, version 2017-18, a non-linear decomposition analysis was performed. Eighty-one
(81%) of the gap in CDD between rural-urban areas is attributed to the differences in the
observed factors (endowments) and of these most of the difference is explained by three
factors i.e. number of antenatal care visits (45%), maternal education (18%) and type of
toilet facility (15%). There is a need to explore maternal education-related interventions
to decrease the rural-urban gap regarding CDD as maternal education may affect CDD
through different dimensions. Moreover, such programs should be initiated that may be
helpful to enhance women’s role in society, such as skilled education, well-paid job op-
portunities and better health facilities.

Keywords Non-linear decomposition analysis - Count data modelling - Rural-urban
disparity - Children’s dietary diversity

1 Inroduction
Sufficient and nourished foods during the early years of a child’s life are essential for opti-

mal growth and healthy life (Kumera et al. 2018). Also, the poor nutritional status during
infancy may cause long lasting severe consequences for learning and future productivity
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(Victora et al. 2008). A child being stunted, i.e. having low height for age, may be con-
sidered to be deprived of required nutrients for linear growth. Therefore, interventions, to
improve nutritional level during infancy, have been found to be crucial to later life outcomes
in cognitive and physical ability (Asuman et al. 2019). Moreover, under-nutrition is a major
cause of child mortality, accounting for about 45% of child deaths (Black et al. 2013) so, the
governments have to be committed to mitigate malnutrition among children by 2030, under
the sustainable development goals (SGDs), set by United Nations in 2015.

Globally 151 million children were reported to be stunted in 2017, and about 24% chil-
dren of age less than five years in low- and middle-income countries (LIMCs) had stunted
growth (UNICEF, 2018). A recently published report demonstrated that about 135 million
people were acutely food insecure and Africa is the major contributor (73 million) of this
insecure situation. The Middle-East and Asia are at number second with 43 million people
with insecure food (FSIN, 2020). The corona virus also worsens the people’s financial situ-
ation, especially daily wage earners, due to unemployment or under-employment which
severely reduces their purchasing power and this in turn severely affects their dietary pattern.

According to the World Health Organization (WHO) guidelines complementary foods
may be introduced at the age of six months to meet essential nutritional requirements. In
this sense child dietary diversity (a proxy indicator of adequate micronutrient density of
complementary foods beside breastfeeding) refers to the consumption of a variety of food
groups that may be capable of ensuring adequate intake of essential nutrients (Kumera et
al. 2018). Consumption of at least 4 or more food groups out of seven food groups, recom-
mended by WHO, is considered as minimum dietary diversity level for children aged 6-23
months (WHO, 2008). According to recently published document one out of three children
of age 623 months meets the minimum dietary diversity in the world (FAO 2020) while
there exist disparities in achieving minimum dietary diversity level among rural-urban resi-
dents (that is 27.4% for rural children and 35.1% for urban children) (Micha et al. 2020).

In Pakistan, being the sixth largest country by population, malnutrition is a predominant
public-health challenge which might be due to persistent poverty, non-availability/insuf-
ficient quantity of food or unequal and poor purchasing power of the people (Igbal et al.
2017). About 17.7% of the children are acutely malnourished while 14.2% of the children
of age 623 months consume the minimum required diet during the past 24 h (FSIN, 2020).
Moreover, there exist inequalities in provision of diverse food to children among rural urban
areas (NNS, 2019). Evidence showed that 25.8% children of age 623 months meet the
recommended minimum dietary diversity in urban areas while this goes down to 18.3% in
rural areas (PDHS, 2019). Hence, for Pakistan, being a nation of about 207.8 million people
with 12.4% of the population living below the poverty line and dietary diversity is poor
(Igbal., 2018), it is necessary to highlight the important factors that may contribute for the
improvement in child dietary diversity pattern and effectively reduce this rural- urban gap.

The published literature demonstrated the linkages between environmental factors such
as water and sanitation and nutritional outcome of the children (Shreshtha et al., 2020;
Bekele et al. 2020), however, there is a need to explore these socio-economic factors in the
sense that neat and clean drinking water and improved sanitation may improve the dietary
pattern of the children which in turn may result as the children’s better nutritional level.
Also, the association between child dietary diversity and different socio-economic factors
has been documented in literature for different countries (Kuche et al. 2020; Custodio et al.
2019; Kumera et al. 2018; Sarosh et al., 2017; Amugsi et al. 2016) however, decomposition
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analysis using recently developed empirical methods is rare (Bauer et al. 2007). Though,
few studies have addressed the inequality problem and assessed different factors of health
outcomes for Pakistan (Asif, et al., 2020; Raza et al. 2018). However, none has considered
the dietary diversity inequality among rural-urban areas and its contributing factors for Pak-
istan so far. Therefore, this study aims, to identify different socioeconomic factors that con-
tribute towards the rural-urban disparity in CDD and to quantify their relative importance
for the reduction of rural-urban gap, using an extended version of Oaxaca-Blinder decom-
position method for non-linear response (child’ dietary diversity scores). This analysis may
also set some guidelines to identify the sustainable policy measures to achieve universal
child dietary patterns for both rural-urban areas in the line of SDGs.

2 Methods
2.1 Data description

Findings of this study are based on the nationally representative Pakistan Demographic and
Health Survey (PDHS) data, version 2017-18 (PKKR71FL file of the data). Following two-
stage stratified sampling procedure, 580 primary sampling units (PSUs) (295 rural and 285
urban) were selected at first stage and out of these PSUs 16,240 households were selected at
second stage. The information of about 12,708 children of age less than 5 years is available
in the data. However, 3,443 children of age 6—23 months are included in this analysis sub-
ject to the age limits considered for child dietary diversity measurement following WHO’s
guidelines. Further details about sampling procedures can be seen elsewhere (PDHS, 2019).

Children’s dietary diversity (CDD) score is the main outcome variable of this analysis
and is constructed following WHO’s guidelines (WHO, 2008). In literature, other studies on
the topic has also adopted this methodology (Fentahun et al. 2016; Frempong and Annim,
2017; Perkins et al. 2018). Data on twelve food items, which a child consumed during the
last 24 h, are used to form seven food groups which comprise of (1) grains/roots/tubers, (2)
legumes/nuts, (3) dairy products, (4) flesh foods, (5) eggs, (6) vitamin A rich foods and (7)
other vegetables and fruits. A child consuming at least one food item from a specific food
group is worth one point and zero otherwise. The scores of all seven groups is then added up
to obtain dietary diversity score, ranging from zero to seven (0-7).

Other factors (explanatory variables) incudes parental education in years, child gender
(male/female), antenatal care visit (considered 1 if mother has completed at least four ante-
natal care visits following WHO’s guidelines and zero otherwise), gender of household
head (male/female), water source of household (improved/unimproved), type of toilet facil-
ity (improved/unimproved), maternal working status (working/not-working) and number of
household members.

2.2 Statistical analysis
Statistical analysis was performed in three folds using Stata version 15.0 (Stata Corp, Col-
lege Station, TX, USA). At first, distribution of the response variable and existence of

possible inequality among rural-urban areas regarding CDD was checked through graphi-
cal examination. Secondly, mean and standard deviations of the selected covariates and
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response variable were calculated and difference in their means were tested. Moreover, chi-
square test was performed to test the bivariate association among categorical variables and
the CDD. At third, the Oaxaca-Blinder (OB) decomposition method, originally developed
by Oaxaca (1973) and Blinder (1973), was performed using stata command “mvdcmp” to
determine the factors responsible for the disparities in CDD among rural-urban areas. The
standard Oaxaca-Blinder decomposition assumes that the outcome variable (CDD in this
analysis) is linearly related to the covariates (X), and that the error term (¢) is conditionally
independent of X:

CDD =P+ Zi‘:l BorXyi + &g & = urban(U), rural(R),

where CDD,; is the diversity scores of j¢/ child residing in area g and X is the vector
of selected covariates. In OB analysis the overall gap regarding CDD among rural-urban
areas can be split in to two parts. The first part, the explained part (the part which explains
the gap that is due to the differences in selected characteristics between rural and urban
areas) and the second part known as unexplained part (the part that is due to differences in
the estimated coefficients). Generally, it is hard to interpret the unexplained part (Heady,
2014). Commonly, the OB-decomposition has been applied in the context of linear regres-
sion modelling in previous literature (Sharaf et al., 2016), however, non-linear outcomes
such as discrete or limited dependent variables, as in our case, needs the estimation of some
non-linear models (Bauer et al. 2007). Since, the ordinary least square regression yields
inconsistent estimates and in turn decomposition analysis may produce misleading results,
therefore, we have adopted an extended version of standard OB decomposition method for
discrete outcome variables purposed by Bauer and Sinning (2008) for this analysis.

As the outcome variable in this study is children’s dietary diversity scores (the number of
food groups consumed by the child in last 24 h), which takes on only positive integer values
ranging from zero to seven (Fig. 1), thus a count data modelling approach is suitable and
therefore, we can estimate the parameters (betas) in above equation using count data model
(Bauer et al. 2007), under maximum likelihood method, both for rural/urban groups sepa-
rately. However, possible existence of overdispersion (when the variance of the responses
is greater than the mean in a Poisson regression model) should be tested, while modelling
count response data because in studying count data, it’s important to be aware of the conse-
quences of overdispersion, as failing to do so leads to inaccurate model parameter interpre-
tations. In this analysis ratio of the Pearson chi-square statistic to its corresponding degrees
of freedom (McCullagh and Nelder 1989) was used to determine whether overdispersion is
present or not in data set used, and in the line of this ratio we have decided to consider the
Poisson modelling as this ratio meets the criteria discussed in literature (Payne et al. 2018).

The contribution of each variable to the overall dietary diversity gap between rural-urban
areas is also considered in this analysis. However, results of detailed decomposition, in case
of non-linear outcomes, are sensitive to the order in which the factors enter the decom-
position equation (Hirvonen, 2016; Bauer et al. 2007). Therefore, weighing methodology
purposed by Yun (2004) is used to handle this issue. All statistical tests were two-sided, and
differences were considered statistically significant at p<0.05.

@ Springer



A non-linear decomposition analysis of children’s dietary diversity scores:...

O")._

Proportion

T T T T T T T T

0 1 2 3 4 5 6 7
Number of Food Groups

———— observed proportion
----------- poisson probability

Fig. 1 Non-linear nature of children’s dietary diversity
3 Results

Figure 2 demonstrated a significant rural-urban gap in child dietary diversity. Moreover, the
existing inequality among rural-urban areas regarding the selected covariates is also pre-
sented in Table 1. The ratio of the Pearson chi-square statistic to its corresponding degrees
of freedom was found to be approximately equals to one (3484.097/3434=1.01) and this
demonstrates the absence of over dispersion in the response variable. The descriptive analy-
sis demonstrated that, on the average, one to four groups have been used by children among
the studied sample (Table 2). Only a little number of children have consumed al the seven
good groups during 24-hours. Interestingly, ANC is more prevalent among urban women
(68.1%) as compared to rural. Majority of the households have both improved water and toi-
let facilities (Table 2). 81% (81%) of the gap in CDD between rural-urban areas is attributed
to the differences in the observed factors (endowments) and of these most of the difference
is explained by three factors i.e. number of antenatal care visits (45%), maternal education
(18%) and type of toilet facility (15%). 6% (6%) of the gap is also due to difference in paren-
tal education however, this result remained insignificant (Table 3).
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Fig. 2 Children’s dietary diversity by age in rural-urban areas and overall

Table 1 Descriptive analysis of response variable and selected covariates

Factors Urban Rural Differ-
Mean (SD) Mean (SD) ence
Dietary diversity scores 2.29 (1.58) 2.05 (1.44) 0.24 **
Maternal education (yrs) 2.58 (2.19) 1.55 (2.05) 1.03 **
Paternal education (yrs) 3.23(2.02) 2.55(2.15) 0.68 **
Number of household members 9.61(5.23) 9.46 (4.84) 0.15

Note: * Significant at 5% level of significance; ** Significant at 1% level of significance; SD means
standard deviation

4 Discussions

This analysis contributes to existing literature addressing rural-urban gap regarding child
dietary diversity and its contributing factors. It also highlighted the association of maternal
and other important factors with child’s likelihood of achieving minimum dietary diversity
level, which in turn play important role in child’s nutritional outcome.

This analysis reported, maternal education, number of antenatal care visits during preg-
nancy and household’s sanitation type, as significant factors among the selected covariates.
Of these number of mother’s antenatal care visits is the highest contributing factors (45%)
addressing the rural-urban gap regarding CDD. Few pathways, through which mother’s self-
care attitude, such as ANC may affect the children’s dietary pattern and healthcare, are might
be as follows. First, achieving minimum number of antenatal visits can be considered as an
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Table 2 Prevalence and bivariate association of response variable and selected covariates with type of place
of residence

Covariates Total Rural Urban Chi-Square
N (%) N (%) N (%) (P-Value)
CDDS
None 512 (14.8) 294 (15.4) 218 (14.2) 34.88 (0.000)
One group 761 (22.1) 449 (23.6) 312 (20.2)
Two groups 821 (23.8) 472 (24.8) 349 (22.6)
Three groups 690 (20.1) 373 (19.6) 317 (20.5)
Four groups 418 (12.2) 210 (11.1) 208 (13.6)
Five groups 171 (4.9) 83 (4.4) 88 (5.7)
Six groups 60 (1.8) 17 (0.9) 43 (2.8)
Seven groups 10 (0.3) 3(0.2) 7(0.4)
Antenatal Care Visit
4 or More 1879 (54.6) 829 (43.6) 1050 (68.1) 205.89
Less than 4 1564 (45.4) 1072 (56.4) 492 (31.9) (0.000)
Household Head
Male 3098 (89.9) 1689 (88.8) 1409 (91.4) 6.03 (0.014)
Female 345 (10.1) 212 (11.2) 133 (8.6)
Gender of child
Male 1677 (48.7) 924 (48.6) 753 (48.8) 0.895 (0.017)
Female 1766 (51.3) 212 (11.2) 789 (51.2)
Toilet Facility
Improved 2707 (78.6) 1508 (69.9) 1379 (89.4) 194.03
Unimproved 736 (21.4) 573 (30.1) 163 (10.6) (0.000)
Water Facility
Improved 2931 (85.1) 1580 (83.1) 1351 (87.6) 13.615
Unimproved 512 (14.9) 321(16.9) 191 (12.4) (0.000)
3443 (100) 1901 (100) 1542 (100)

Significance at 5% level

important element of maternal empowerment. Since, the association of different maternal
health indicators and women’s empowerment is well documented in literature (Osamor and
Grady 2016; Sado et al. 2014). A review of 67 studies in developing countries demonstrated
a positive association between maternal empowerment and use of health services, like ante-
natal visits during pregnancy (Pratley 2016). Another study found that a higher maternal
autonomy was associated with more use of maternal health services (Adhikari 2016). More-
over, maternal role in making decision about her own health is among the important factors
describing the household’s decision-making autonomy (Asif and Akbar 2020). Second, a
mother who had completed the WHO’s recommended (at least four) antenatal visits, during
pregnancy period, is considered to be well aware of the importance of health care for herself
as well as for her child. Moreover, self-caring mothers also take healthy and diverse diet
during pregnancy which is one of the best strategies among pregnant women (Desta et al.
2019) and this may also be considered that self-caring mothers are highly caring regarding
breastfeeding and other complementary feedings of her siblings and even mothers reduce
their intake to secure those of infants and small children (USAID, 2012). Third, mother’s
health seeking behaviour, including ANC visits, also promotes the health behaviours inside
the household, including healthy environment, early childhood vaccination and nutritious
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Table 3 Non-linear decomposition analysis of rural-urban gap in children’s dietary diversity

Estimates SE Percent
Gap due to difference in Characteristics (Explained) -0.201 0.024 80.64
Gap due to difference in Coefficients (Unexplained) -0.048 0.057 19.36
Total Gap -0.249 0.051 100.00
Detailed non-linear decomposition
Gap due to difference in Gap due to difference in
characteristics Coefficients
Estimates (SE)  Percent Estimates (SE)  Percent
Maternal education (yrs) -0.044 (0.019) * 17.61 0.168 (0.125) -67.53
Paternal education (yrs) -0.014 (0.012)  5.73 -0.037 (0.123)  15.10
Female child (0/1) -0.001 (0.000)  0.08 0.031 (0.071) -12.58
Antenatal care visits (0/1) -0.112 (0.018) * 44.81 -0.201 (0.147)  80.71
Female head of household (0/1) 00.003 (0.003) -1.30 00.005 (0.021) -1.87
Improved water source (0/1) 0.001 (0.004) -0.48 -0.083 (0.201)  33.30
Improved toilet type (0/1) -0.037 (0.016) * 14.68 0.528 (0.330) -
211.45
Number of household members -0.001 (0.001)  0.35 00.197 (0.167) -78.86
Working mother (0/1) 0.002 (0.002) -0.84 -0.025 (0.025)  10.24
Constant -0.629 (0.361)  252.30
Total 80.64 19.36

Note: * Significant at 5% level of significance; Percentages are calculated by dividing the estimates by the
overall gap (i .e. -0.249)

and diverse diet for family (Lincetto et al. 2006). Thus, mother’s ANC status may be consid-
ered as an important factor in household’s well-being and reflect mother’s awareness about
her healthcare/diet pattern as well as for her child.

Maternal education is at number second (18%) among the contributing factors of CDD
gap among rural-urban areas. Since, the maternal role is well documented in the literature
addressing the welfare of children (Asif et al. 2019; Asif and Akbar 2020). Also, UNICEF’s
conceptual framework for child nutrition has linked maternal role (at underlying layer) with
children’s nutritional outcome through CDD (at immediate layer) (UNICEF, 1990). Educa-
tion is the most important dimension of maternal empowerment also (Duflo 2012). Since,
through better educational level, mother’s would be enlightened and be more conscious; and
therefore can make better decisions for herself as well as for her children. Moreover, liter-
ate mothers can easily comprehend the benefits of ANC and thus expected to utilize it more
effectively (Okedo-Alex et al. 2019). In addition, an educated woman, being more confi-
dent, might communicate better with the health service providers to get required healthcare
both for herself as well as for her child (Bloom et al. 2001). Also, an educated mother may
get well paid jobs and be more financially empowered which positively affect the children’s
dietary pattern. Thus, the impact of maternal education may also be channelized, through
mother’s better health knowledge, and better feeding practices, as a protective measure of
CDD.

Water, sanitation, and hygiene (WASH) is among the important factors affecting the
childcare (Asif and Akbar 2020). We have considered water facility and sanitation type
in this analysis and of this improved toilet facility contributed a larger part (15%) in the
explained portion of the rural-urban gap, while type of water facility remains insignificant.
Thus, being an important factor, sanitation type could play important role in assessing the
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household’s socioeconomic status. As there is greater chance that poor households are more
likely to have unimproved sanitation, and thus likely to be categorised as poor. However,
with the passage of time, poor household that improve their sanitation type are likely to
fall in the middle or wealthier quintile of wealth index in subsequent surveys (Rheingans
et al. 2014). Also, due to higher fertility among poor households (Milanovic, 1996), the
unimproved sanitation, in terms of health effects, may affect the children’s nutritional level
through unbalance and insufficient food.

However, though water source remains insignificant in this analysis, it is important for
child’s better nutritional status through sufficient and nutritious dietary pattern (Choudhary
et al. 2020). Improved water facility may affect household food diversity, which in turn may
affect children’s dietary diversity position and thus, need to be further explored in other
studies.

Besides, these other factors such as number of household member and maternal working
status, though, did not shown significant contribution in explaining the rural-urban gap in
this analysis, yet they are important. A recent study has outlined that an increase in house-
hold’s residents may increase the likelihood of being classified as low dietary diversity
(Huluka and Wondimagegnhu 2019). The reason behind might be that increase number of
children with limited income source may stretch these resources over wider range of com-
peting needs which in turn, may lead to lower dietary diversity specially among children.
Also, working mothers may have less time to serve their families. Such as working moth-
ers could not prepare complementary foods. Also, in rural areas mostly women bear many
responsibilities such as fetching of water, look-after of animals and household cleanliness
which take much time and this results as insufficient time availability for preparing and
feedings of complementary foods for their children.

In view of above discussion, we may conclude that improved WASH facilities might be
the signal of an improved socio-economic status (SES), which in turn play an important role
in reducing rural-urban gap. Also, the role of maternal education is of prominent nature. As
all the contributing factors such as ANC and household WASH factors are connected to the
mother’s ability to understand these basic requirements for the welfare of her family. Also, a
complete ANC may also be attributed to improved SES because mothers of socio-econom-
ically better households have better autonomy in the family (Nigatu et al. 2014; Tiruneh et
al. 2017; Sebayang et al. 2019) and thus careful about herself as well as for her children.
Thus, it may also be stated that mothers with better ANC, having higher educational level
and improved WASH facilities have better SES which in turn helps to reduced CDD gap.

Thus, there is need to explore maternal education related interventions to decrease the
rural-urban gap regarding CDD. Such programmes should be initiated that may helpful to
enhance women’s role in the society, such as skilled education, well paid job opportuni-
ties and better health facilities. Moreover, the provision of supplement food on subsidized
rate may be useful for eradication of poor dietary diversity. Optimal and equal access to
improved water and sanitation can increase the likelihood of reducing inequality in achiev-
ing minimum dietary requirements, through better socio-economic status, and therefore, can
have potential effect on child’s nutritional level through different pathways separate from
WASH. Moreover, the extent CDD is also associated with the consumption of sufficient
micronutrient and macronutrients which may have implications for child’s nutritional level
which need further research in this area using different empirical methods.
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The findings of this study, however, should be considered subject to few limitations.
First, cross sectional nature of data limits us to know the casual relationship between the
outcome and explanatory variables. Second, this analysis does not consider survey weights
due to the following reasons. Firstly, oversampling from some parts of population and then
post survey adjustments cause variation in weights across the sample which adversely
affects precision of parameters’ estimates (De Leeuw et al. 2012). Secondly, post survey
adjustments may increase standard errors of the estimates, which adversely affects statisti-
cal modelling (Young and Johnson 2012). Despite the above limitations, secondary analysis
of demographic and health surveys data is thought to be a sufficient contribution to public
health knowledge in developing countries and we believe that our findings can help in child
health related interventions.
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