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Abstract

Background: Diarrhoea poses serious health problems among under-five children (U5C) in Low-and Medium-Income
Countries (LMIC) with a higher prevalence in rural areas. A gap exists in knowledge on factors driving rural-non-rural
inequalities in diarrhoea development among U5C in LMIC. This study investigates the magnitude of rural-non-rural
inequalities in diarrhoea and the roles of individual-level and neighbourhood-level factors in explaining these inequalities.

Methods: Data of 796,150 U5C, from 63,378 neighbourhoods across 57 LMIC from the most recent Demographic and
Health Survey (2010-2018) was analysed. The outcome variable was the recent experience of diarrhoea while
independent variables consist of the individual- and neighbourhood-level factors. Data were analysed using multivariable
Fairlie decomposition at p < 0.05 in Stata Version 16 while visualization was implemented in R Statistical Package.

Results: Two-thirds (68.0%) of the children are from rural areas. The overall prevalence of diarrhoea was 14.2, 14.6% vs
13.4% among rural and non-rural children respectively (p < 0.001). From the analysis, the following 20 countries showed a
statistically significant pro-rural inequalities with higher odds of diarrhoea in rural areas than in nonrural areas at 5% alpha
level: Albania (OR = 1.769; p =0.001), Benin (OR = 1.209; p = 0.002), Burundi (OR = 1.399; p < 0.001), Cambodia (OR = 1.201;
p <0.031), Cameroon (OR=1.377; p <0.001), Comoros (OR = 1.266; p = 0.029), Egypt (OR = 1.331; p < 0.001), Honduras
(OR=1.127; p =0.027), India (OR=1.059; p < 0.001), Indonesia (OR=1.219; p < 0.001), Liberia (OR=1.158; p =0.017), Mali
(OR =1.240; p =0.001), Myanmar (OR = 1422; p = 0.004), Namibia (OR = 1.451; p < 0.001), Nigeria (OR = 1492; p < 0.001),
Rwanda (OR=1.261; p =0.010), South Africa (OR = 1.420; p =0.002), Togo (OR=1.729; p < 0.001), Uganda (OR=1214; p<
0.001), and Yemen (OR = 1.249; p < 0.001); and pro-non-rural inequalities in 9 countries. Variations exist in factors
associated with pro-rural inequalities across the 20 countries. Overall main contributors to pro-rural inequality were
neighbourhood socioeconomic status, household wealth status, media access, toilet types, maternal age and education.
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income countries

Conclusions: The gaps in the odds of diarrhoea among rural children than nonrural children were explained by
individual-level and neighbourhood-level factors. Sustainable intervention measures that are tailored to country-specific
needs could offer a better approach to closing rural-non-rural gaps in having diarrhoea among U5C in LMIC.
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Background

Diarrhoea remains a disease of major public health chal-
lenge among under-five children (U5C) across the low
and middle-income countries (LMIC) [1-3]. It is a
gastrointestinal infection triggered by a pathogenic
microorganism that increases the frequency of watery
stools for more than three or four times a day [4, 5]. It is
the second leading cause of deaths among U5C across
the world. Globally, diarrhoea occurs in about 1.7 billion
children yearly with 525,000 deaths [6, 7]. In LMIC,
U5C experience up to 5 episodes of diarrhoea in a year
[4, 8] with high incidence and case-fatality ratios [9].
Specifically, more than half of the deaths caused by diar-
rhoea were recorded in Nigeria, India, Pakistan,
Afghanistan, and Ethiopia [5].

Globally, morbidity and mortality caused by diarrhoea
have reduced in advanced countries, on the contrary, it’s
still a major issue of concern among the U5C in the
LMIC [10, 11]. However, there was a significant decline
in the number of childhood deaths due to diarrhoea
from approximately 1-6 million in 1990 to 450,000 in
2016 in LMIC [12]. To achieve a further reduction in
mortality to less than 1 per 1000 live births as proposed
jointly by the WHO and UNICEEF, it will require a
context-specific grasp of the decomposition of the
drivers of diarrhoea diseases at both urban and rural set-
tings [13].

Epidemiologic studies have shown that factors that
predispose children to diarrhoea are a complex inter-
action between socio-economic, environmental, and be-
havioural variables [14—17]. Diarrhoea-related morbidity
and mortality among U5C have been linked to poor hy-
giene and sanitation practices [1, 18], limited access to
improved sources of drinking water [3, 14], socioeco-
nomic status, education level, place of residence [9], in-
appropriate breastfeeding [17, 18], zinc deficiency [19]
and other immediate household and environmental
characteristics [5, 8, 14] The higher prevalence of diar-
rhoea in the LMIC has been attributed to the standard
of living which differs across the rural-non-rural differ-
ences in place of residence [20].

Health disparities between children living in urban and
rural regions do exist due to the differences in the level
of major determinants. There is ample evidence that
suggests that urban areas have better health outcomes

than rural areas in LMIC [2]. Consequently, the determi-
nants of childhood diarrhoea could be country or
regionally-specific based on the difference in the living
environment. Household-level and neighbourhood-level
factors may be important in clarifying rural-non-rural
differences in diarrhoea morbidity and mortality. This,
however, calls for immediate research to understanding
the decomposition effect of rural-non-rural difference in
the place of residence on diarrhoea episodes among
U5C in LMIC.

Although the literature is replete on the risk factors of
diarrhoea, there is a dearth of information on the de-
composition of factors associated with the development
of diarrhoea based on place of residence in LMIC.
Hence, this study was designed to address this gap. Hav-
ing good knowledge of the core individual-level and
neighbourhood-level factors driving rural-non-rural
health disparities would assist LMIC in planning appro-
priate intervention measures aimed at improving popula-
tion health outcomes and reducing the burden of
diarrhoea among U5C.

Methods

Study design and data

The data from the Demographic and Health Surveys
(DHS) collected periodically across the LMIC was used
in this study. The ICF Macro, the USA in conjunction
with the ministry of health, the office of statistics, and
the population commissions in respective LMIC conduct
the periodical cross-sectional nationally representative
population-based household DHS. We pooled data from
the most recent DHS conducted within the last ten years
(2010-2018) and available as of April 2020 and which
provided information on diarrhoea among U5C. Only 57
LMIC met these inclusion criteria and were included in
this study. We analysed data of 796,150 U5C, from 63,
378 neighbourhoods across the 57 LMIC. In each of the
countries, DHS used a multi-stage (usually from states/
divisions/regions to the district to clusters), stratified
sampling design. The households (the sampling units)
are selected from the clusters known as the primary
sampling units (PSU) [21, 22]. We applied sampling
weights provided in the data to all our analysis. This was
to adjust for unequal cluster sizes and to ensure that our
findings adequately represent the target population. The
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DHS uses similar surveys and research protocols, stan-
dardized questionnaire, similar interviewer training,
supervision, and implementation in all the countries. For
full details of the sampling methodologies, please visit
dhsprogram.com.

Dependent variable

The outcome variable in this study is the recent experi-
ence of diarrhoea. Diarrhoea is defined as “passage of li-
quid stools three or more times a day” [4, 5] and “recent
experience of diarrhoea” as having any symptom of diar-
rhoea within two weeks before the interview date [23].
The mothers were asked if any of their U5C had diar-
rhoea within two weeks preceding the survey. The re-
sponses were binary: Yes or No.

Main determinant variable

The main determinate variable in this decomposition
study is the rural-non-rural differentials in the location
of the residence of the mothers. The DHS data have
already classified study clusters into either rural or non-
rural areas wusing similar standard classification
procedures as of the time of the surveys with minimal
differences in what rural areas were across the countries.
We named children born to rural and non-rural women
as rural and non-rural children respectively.

Independent variables

The identified variables in the literature [5, 20, 24—28]
and the Moseley’s systematic conceptual framework on
study of child survival in developing countries was used
to select the explanatory variables in this study [29]. The
independent variables used in the study were based on
the identified factors associated with diarrhoea among
US5C in the literature [5, 20, 24—28]. These are made up
of the individual-level and neighbourhood-level factors.

Individual-level factors

The individual-level consists of childs’ characteristics,
mothers’ characteristics and the households’ characteris-
tics. Childs’ characteristics: sex (male versus female), age
in years (under 1year and 12-59 months), weight at
birth (average+, small and very small), birth interval
(firstborn, < 36 months and > 36 months) and birth order
(1, 2, 3 and 4+). Mothers’ characteristics: maternal edu-
cation (none, primary or secondary plus), maternal age
(15 to 24, 25 to 34, 35 to 49), marital status (never, cur-
rently and formerly married), employment status (work-
ing or not working). Households’ characteristics: access
to media (at least one of radio, television or newspaper),
sources of drinking water (improved or unimproved),
toilet type (improved or unimproved), cooking fuel
(clean fuel or biomass), housing materials (improved or
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unimproved) and household wealth index (poorest,
poorer, middle, richer and richest).

Neighbourhood-level factors

The DHS uses “clusters” as the PSU as people of the
same cluster shares similar contextual factors [21, 22].
We used the word “neighbourhood” to describe the clus-
tering of the children within the same cluster and
“neighbours” as members of the same cluster. The PSUs
were identified using the most recent census in each
country where DHS held. In this study, we considered
neighbourhood socioeconomic status (SES) as a
community-level variable. It was computed using princi-
pal component factor comprised of the proportion of re-
spondents within the same neighbourhood without
education, belonging to a household in poor wealth
quintiles and unemployed.

Statistical analyses

We used both descriptive and inferential statistics in
this study. Descriptive statistics such as chats, tables,
percentages were used to show the distribution of re-
spondents by country, outcome variable and other key
variables. Bivariable analysis was conducted to using
the Z-test for equality of proportions who had diar-
rhoea among rural and non-rural children within each
country and region (Table 1 (a) and (b)). We also de-
termined the existence of an association between the
explanatory variables and the outcome variable among
the rural and non-rural groups of children (Table 2(a)
and (b)). We carried out country-level comparison of
the prevalence of diarrhoea in each of the countries
by computing the risk difference (RD) in the develop-
ment of diarrhoea between U5C from rural and non-
rural settings and presented the results in Fig. 1. An
RD greater than O suggests that diarrhoea is more
prevalent among rural children (pro-rural inequality).
Whereas, a negative RD indicates that diarrhoea is
prevalent among non-rural children (pro-non-rural in-
equality). We estimated the fixed effects as the
weighted country-specific risk differences and the ran-
dom effect as the overall risk difference irrespective
of a child’s country of residence. As shown in Fig. 1,
forest plot was used to illustrate this distributions.
Charts were used to show the distributions of the
RDs (Figs. 2 and 3). We conducted tests of hetero-
geneity to ascertain that the 57 countries are different
with regards to the odds ratio of having diarrhoea
among the rural and non-rural children using adapted
z-test in Stata and carried out a test of homogeneity
of ORs among the 20 countries with a significant
odds ratio of having diarrhoea to determine if the
odds of having diarrhoea in those countries are
homogenous. Lastly, the adjusted logistic regression
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Table 1 Description of demographic and health surveys data by countries, rural percentage and diarrhoea prevalence among
under-five children in LMIC, 2010-2018

Country Year of Number of Number of Weighted Weighted Diarrhoea Prevalence (%)
Survey clusters Under 5 Children (%) Rural overall aRural BNon-rural
(@
All 63,378 796,150 68.0 **14.2 *14.6 134
Eastern Africa 6298 102,886 79.0 16.7 17.0 156
Burundi 2016 554 12431 90.8 225 230 *18.1
Comoros 2012 252 2949 725 17.0 17.2 163
Ethiopia 2016 643 9916 88.8 1.9 12.0 1.0
Kenya 2014 1593 19,889 644 154 15.8 *14.5
Malawi 2016 850 16,246 86.8 219 21.3 *26.1
Mozambique 2011 610 10,157 724 1.2 10.8 *124
Rwanda 2014 492 7474 833 122 12.7 *10.0
Tanzania 2015 608 9445 735 12.1 11.2 *14.5
Uganda 2016 696 14,379 788 20.0 20.7 *17.5
Middle Africa 3081 71,630 57.7 190 19.2 1838
Angola 2016 625 13,463 39.1 15.7 14.9 *16.3
Cameroon 2011 578 10,326 56.9 21.7 24.2 *184
Chad 2015 624 16,710 80.6 223 220 232
Congo 2012 384 8723 39.5 193 15.2 *22.0
Congo DR 2014 536 16,994 69.1 17.0 16.2 *18.8
Gabon 2012 334 5414 154 16.8 184 16.5
Northern Africa 874 15,458 68.9 14.0 14.9 122
Egypt 2014 874 15,458 689 14.0 14.9 *122
Southern Africa 2544 25,529 60.7 15.5 16.3 *14.3
Lesotho 2014 396 2824 720 122 12.8 108
Namibia 2013 536 4449 522 19.1 21.5 *164
South Africa 2016 668 3241 36.7 11.0 132 *9.7
Zambia 2018 545 9311 64.8 155 15.6 153
Zimbabwe 2015 399 5704 68.2 17.1 17.1 17.0
West Africa 6285 139,382 67.3 14.7 153 *134
Benin 2018 555 12,512 61.0 10.5 1.1 *9.6
Burkina Faso 2010 573 13,621 82.7 149 14.5 *164
Cote d'lvoire 2012 351 6876 624 185 180 19.2
Gambia 2013 281 7633 52.7 17.8 16.7 *189
Ghana 2014 427 5539 55.0 19 129 *10.6
Guinea 2015 401 7213 704 14.6 14.6 14.6
Liberia 2013 322 6806 50.1 22.7 24.7 *20.7
Mali 2018 345 9171 793 172 17.9 *14.7
Niger 2012 476 11,437 86.3 144 14.1 *16.2
Nigeria 2018 1389 30,603 60.5 128 14.9 *9.6
Senegal 2017 400 11,253 63.1 18.0 193 *15.8
Sierra Leone 2013 435 10,254 749 1.5 1.3 12.3
Togo 2013 330 6464 63.9 152 17.7 *10.8

Central Asia 682 10,216 755 10.2 10.7 *8.5



Fagbamigbe et al. BMIC Public Health (2021) 21:575

Page 5 of 15

Table 1 Description of demographic and health surveys data by countries, rural percentage and diarrhoea prevalence among

under-five children in LMIC, 2010-2018 (Continued)

Country Year of Number of Number of Weighted Weighted Diarrhoea Prevalence (%)
Survey clusters Under 5 Children (%) Rural overall aRural BNon-rural
Kyrgyz Rep 2012 316 4222 702 52 58 *38
Tajikistan 2017 366 5994 789 133 134 12.7
South-Eastern Asia 1850 17,168 683 9.0 98 *7.2
Cambodia 2014 609 6934 85.5 129 129 128
Philippines 2017 1241 10,234 558 6.1 6.3 58
(b)
All 63,378 796,150 68.0 **14.2 *14.6 134
Southern Asia 33,053 322,219 70.5 115 11.9 *10.8
Afghanistan 2015 956 30,520 76.7 29.1 28.1 *324
Bangladesh 2014 600 7541 744 57 5.7 57
India 2016 28,321 247,181 716 9.2 9.6 *8.2
Indonesia 2017 1967 17,155 515 14.2 154 *12.9
Maldives 2016 265 3048 64.8 42 44 4.0
Nepal 2016 383 4827 459 7.7 74 79
Pakistan 2018 561 11,947 67.6 19.2 19.2 19.2
Western Asia 2048 27441 488 218 29.1 *14.9
Armenia 2016 306 1709 423 38 54 *2.7
Jordan 2017 962 10,454 11.5 9.7 9.8 9.6
Yemen 2013 780 15,278 728 314 326 *28.3
Central America 1996 22,524 59.5 18.7 19.3 *178
Guatemala 2014 856 12,038 64.1 19.2 193 19.1
Honduras 2011 1140 10,486 538 18.0 19.1 *16.6
South America 1401 9408 343 123 12.8 12.1
Peru 2012 1401 9408 343 12.3 12.8 12.1
Southern Europe 651 2745 438 6.1 8.2 *44
Albania 2018 651 2745 438 6.1 82 *44
Caribbean 1860 21,129 62.8 15.0 136 *174
Dominican Rep 2013 516 3560 255 182 175 184
Haiti 2016 449 6082 64.9 214 206 *22.8
Myanmar 2014 440 4575 77.5 10.5 1.1 *84
Timor-Leste 2016 455 6912 71.1 10.8 9.1 *14.8
Oceania 755 8415 89.2 154 14.5 *23.2
Papua New Guinea 2016 755 8415 89.2 154 14.5 *23.2

**significant at 5% Chi-square test, *significant at 5% test of equality of proportions a and b

method was applied to the pooled cross-sectional data
from the 57 LMIC to carry out a Fairlie decompos-
ition analysis (FDA) and the results presented in
Fig. 4.

Decomposition analysis
We applied Fairlie Multivariable decomposition based on
the binary regression model. It belongs to the family of

decomposition techniques used to quantify the contribu-
tions to differences in the prediction of an outcome of
interest between two groups in multivariate models [30]. It
is an extension of the Blinder-Oaxaca Decomposition Ana-
lysis (BODA) [31-33]. While the BODA works best for
continuous outcomes Fairlie is renowned for the logit and
probit model [34—38]. Fairlie et al. noted that the nonlinear
decomposition techniques helped to overcome the
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Table 2 Summary of pooled sample characteristics of the studied children in 57 LMIC

Characteristics N Weighted Weighted Weighted Diarrhoea Prevalence (%)
% (%) Rural Overall Rural Non-rural
@
Age
Infant 164,438 20.7 68.5 174 *18.0 *16.1
12-59 months 631,712 794 679 134 13.7 127
Sex
Female 389,173 489 68.2 *13.8 *14. *13.1
Male 406,977 51.1 679 146 15.1 137
Household Head
Male 669,287 84.1 68.8 *14.2 14.6 *13.2
Female 126,863 159 64.1 145 14.7 14.2

Maternal age

15-24 years 234,550 29.5 70.7 *164 *16.3 *16.5

25-34 years 414,014 520 66.3 132 13.7 123

35-49 years 147,586 185 68.7 134 14.1 12.0
Maternal Education

No education 273,056 343 832 *15.8 *15.7 *15.9

Primary 202,835 255 739 16.3 163 16.3

Secondary or higher 320,257 40.2 522 11.7 11.7 11.7
Household Wealth Index

Poorest 202,853 255 92.3 *15.1 *15.2 *13.8

Poorer 178,258 224 86.7 14.8 14.9 139

Middle 158,228 19.9 74.2 14.2 144 13.7

Richer 139,713 17.6 50.7 139 14.0 13.8

Richest 117,098 14.7 21.3 125 115 128
Employment

Employed 526,983 66.2 694 *13.3 *13.7 *12.3

Unemployed 269,167 338 654 16.0 164 153
Media access

No 316,993 399 85.0 *15.2 *153 *14.8

Yes 478,517 60.2 576 14.2 14.0 131
Drinking water sources

Unimproved sources 175,663 228 87.0 *16.9 *16.8 *173

Improved sources 595,332 77.2 63.1 13.6 139 13.1
Toilet type

Unimproved sources 388,386 504 853 *154 *153 *15.9

Improved sources 382,305 496 512 13.1 135 12.7
Marital status

Never married 23,560 3.0 50.8 *16.9 *17.8 *15.9

Currently married 739,740 929 68.9 14.0 144 23.1

Formerly married 32,850 41 61.1 17.1 17.1 170
Cooking Fuel

Unclean/Biomass 581,710 77.0 80.1 *14.9 *14.8 *15.1

Clean Fuel 173,921 230 333 124 133 *119
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Table 2 Summary of pooled sample characteristics of the studied children in 57 LMIC (Continued)
Characteristics N Weighted Weighted Weighted Diarrhoea Prevalence (%)
% (%) Rural Overall Rural Non-rural
Housing materials
Unimproved sources 676,227 89.5 709 *14.8 *15.1 *143
Improved source 79,157 105 472 10.0 10.1 99
Weight at birth
Average+ 643,472 84.0 674 *13.6 *14.0 *12.8
Small 90,809 1.9 70.0 17.2 17.7 16.0
Very small 31,924 42 709 20.1 20.3 195
Total 796,150 100.0 68.0 14.2 14.6 134
(b)
Birth Interval
Tst Birth 223,779 282 63.0 *13.1 *13.5 *12.5
< 36 months 308,310 388 735 15.0 152 144
36+ months 262,278 330 66.2 143 14.7 134
Birth Order
1st 223,777 28.1 63.0 *13.1 *13.5 *125
2nd 192,088 241 64.5 13.1 134 125
3rd 129,829 16.3 67.8 14.2 144 13.7
4+ 250,456 315 759 16.2 *16.3 156
Neighbourhood SES
Highest 159,709 20.1 376 *9.8 *8.8 *104
2 158,969 200 226 149 129 155
3 160,077 20.1 874 15.8 15.8 156
4 159,153 20.0 98.1 16.7 16.7 16.2
Lowest 158,242 199 98.2 140 14.1 99
Total 796,150 100.0 68.0 142 14.6 134

*significant at 5% Chi-square test

challenges of the BODA when group differences are large
for an independent variable [35]. We used the Fairlie
methods in this study as it was purposively developed for
non-linear regression models including the logit and pro-
bit models [38].

The Fairlie works by decomposing the difference
in proportions based on either the probit or logit
models into the portion of the characteristic [30].
The decomposition analysis was carried out by cal-
culating the difference between the predicted prob-
ability for one group (say Group A) using the other
group’s (say Group B) regression coefficients and
the predicted probability for that group (Group A)
using its regression coefficients [35]. The Fairlie de-
composition technique works by constraining the
predicted probability between 0 and 1.

Fairlie et al. showed that the decomposition for a non-
linear equation Y = F(X), can be expressed as:

(af) 577

N4 N

. {g(ﬁﬁ")w )

i=1

v [3F

i=1

i=1 i=1

(1)

Where N is the sample size for group J [39]. In eq.
(1), Y is not necessarily the same as F(X /3’), unlike in
BODA where F(X;5) = X;5. The 1st term is the part of
the gap in the binary outcome variable that is due to
group differences in distributions of X, and the 2nd term
is the part due to differences in the group processes de-
termining levels of ¥ . The 2nd term also captures the
portion of the binary outcome variable gap due to group
differences in unmeasurable or unobserved endowments.

The estimation of the total contribution is the difference
between the average values of the predicted probabilities.
Using coefficient estimates from a logit regression model
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Rural NonRural Risk Difference .
Country %Diarrhoea Diarrhoea(%)  (events per 1000 obs.) RD 95%—Cl Weight
Eastern Africa
Burundi, 2016 23.00 18.10 —— 48.99 25.68; 72.30 6%
Uganda 2016 20.70 17.50 —&- 31.56 16.02; 47.10 8%
Rwanda, 2014 12.70 10.00 —— 27.09 8.71; 45.46 7%
Kenya, 2014 15.80 14.50 - 12.79 2.05; 23.53 9%
Elhlopla 2016 12.00 11.00 i 10.37 [ -8.85; 29.5 7%
Comoros, 2012 17.20 16.30 9.34 [-20.27; 38.95 4%
Mozamplque, 2011 10.80 12.40 - -15.29 [-29.00; 8%
Tanzania, 2015 11.20 14.50 —- -32.98 [-48.79; -17.16 8%
Malawi, 2016 21.30 26.10 <& -47.63 [-67.33; -27.93 7%
Middle Africa
Cameroon, 201 24.20 18.40 & 57.89 [ 42.10; 73.67 8%
Gabon, 21 18.40 16.50 & 19.32 [-11.57; 50.21 4%
had, 2 22.00 23:20 & -11:81 [-27.98; 4.36 8%
Angofa 2016 14.90 16.30 - -13.44 [-26.40; —-0.47. 9%
CongoDFl 2014 16.20 18.70 - -25.11 [-37.69; -12.54 9%
Congo, 2012 15.20 22.00 < -68.11 [ -85.64; -50.58 8%
Northern Africa
Egypt, 2014 14.90 12.20 = 27.08 [ 15.57; 38.60] 1.9%
Southern Africa
Namibia, 2013 21.50 16.40 —&— 50.45 26.81; 74.08 6%
SouthAfrica, 2016 3.20 9.70 —— 35.15 12.00; 58.29 6%
Lesotho, 14 2.80 10.80 i 20.18 .99; 46.3 5%
Zambia, 2018 5.60 15.30 1 3.57 [-11.88; 19.02 8%
Zimbabwe, 2015 7.10 17.00 123 [-19.28} 21.74 7%
Western Africa
Togo, 2013 17.70 10.80 —— 69.09 51.60; 86.58 1.8%
Nigeria, 2018 14.90 9.60 = 53.12 45.79; 60.44 2.0%
Liberia, 2013 24.70 20.70 —a— 39.34 17.90; 60.78 7%
Senegal 2017 9.30 15.80 —& 34.84 19.88; 49.80 8%
7.90 14.70 —a- 32.35 14.42; 50.28 8%
Ghana, 2014 2.90 10.60 —a 23.36 6.11; 40.60 8%
Benin, 2018 1.10 9.60 E o 15.34 4.50; 26.19 9%
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Fig. 1 Prevalence and risk difference of diarrhoea between rural and non-rural children by countries

for a pooled sample, /3’*, the independent contribution of
X; and X, to the group, gap can be written as

%xNZ Fa X, + X48,) - F(a + X8+ X48,) (2)

and
%X%F(ax +X5B, + X3 ﬁz) (a +XEB, + X5 ﬁz) (3)

=1

respectively. The contribution of each variable to the
gap is thus equal to the change in the average predicted
probability from replacing the group B distribution with

the group A distribution of that variable while holding
the distributions of the other variable constant. To ob-
tain an accurate decomposition estimate, Fairlie et al.
recommended the replication of the decomposition from
a minimum of 1000 subsamples and finding the mean
values of estimates from each separate decomposition
[35]. Further numerical details have been reported [35,
36, 38—40]. Respectively, the contribution of each vari-
able to the gap is thus equal to the change in the average
predicted probability from replacing the group B distri-
bution with the group A distribution of that variable
while holding the distributions of the other variable con-
stant. To obtain an accurate decomposition estimates,
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3
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Fairlie et al. recommended the replication of the decom-
position from a minimum of 1000 subsamples and find-
ing the mean values of estimates from each separate
decomposition [35]. Further numerical details have been
reported [35, 36, 38—40].

We used the “Fairlie” command in STATA 16 (Stata-
Corp, College Station, Texas, United States of America)
to carry out the decomposition analysis to enable the
quantification of how much of the gap between the
“advantaged” (non-rural) and the “disadvantaged” (rural)
groups is attributable to differences in specific measur-
able characteristics. Using the generalised structure of
the model, we fitted a logistic model to determine

factors influencing diarrhoea occurrence among rural
and non-rural children.

Results

Sample characteristics and analysis of inequality

The percentage of children from rural areas was 68.0%,
least (11.5%) in Jordan and the highest (90.8%) in Burundi.
The overall weighted prevalence of diarrhoea was 14.2,
14.6% vs 13.4% among rural and non-rural children re-
spectively (p <0.001). The prevalence of diarrhoea among
rural children ranged from 4.4% in the Maldives to 32.6%
in Yemen, while it ranged from 2.7% in Armenia to 32.4%
in Afghanistan among non-rural children. The z-test of
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Fig. 3 Scatter plot of prevalence and risk difference of diarrhoea between rural and non-rural children in LMIC
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Fig. 4 Contributions of differences in the distribution of ‘compositional effect’ of the determinants of having diarrhoea to the total gap between
rural and non-rural children by countries

equality of prevalence among the rural and non-rural chil-
dren was statistically significant (p <0.05) in Afghanistan
(p <0.001), Albania (p < 0.001), Angola (p < 0.001), Armenia
(p<0.001), Benin (p<0.001), Burkina Faso (p<0.001),
Burundi (p <0.001), Cameroon (p<0.001), Congo (p<
0.001), Congo DR (p<0.001), Egypt (p <0.001), Gambia
(p <0.001), Ghana (p <0.001), Haiti (p <0.001), Honduras
(p <0.001), India (p <0.001), Indonesia (p <0.001), Kyrgyz
Rep (p <0.001), Liberia (p < 0.001), Malawi (p < 0.001), Mali
(p <0.001), Myanmar (p <0.001), Mozambique (p < 0.001),
Namibia (p <0.001), Niger (p <0.001), Nigeria (p <0.001),
Papua New Guinea (p<0.001), Pakistan (p<0.001),
Rwanda (p < 0.001), Senegal (p <0.001), South Africa (p <
0.001), Tanzania (p < 0.001), Timor-Leste (p <0.001), Togo
(p <0.001), Uganda (p < 0.001), Yemen (p < 0.001) as shown
in Table 1(a) and (b).

As shown in Table 2(a) and (b), all the explanatory
variables considered were significantly associated (p <
0.05) with the occurrence of diarrhoea among all the
children and by rural-non-rural location of residence ex-
cept the sex of household head that was insignificantly
associated with the occurrence of diarrhoea (p =0.058)
among rural children. The prevalence of diarrhoea was
consistently higher among infants compared with those
aged 12-59 months both in the rural area (18% vs 14%)
and in the non-rural areas (16% vs 13%).

Diarrhoea among rural and non-rural under-five children
The risk differences, a measure of inequality, in the risk
of having diarrhoea among children of women from
rural and non-rural areas across the countries studied
are presented in Figs. 1, 2 and 3. Also, the prevalence of
diarrhoea among both the rural and non-rural in each of
the countries were computed and presented the results
in Fig. 1. The prevalence of diarrhoea was generally
higher in the rural areas than in the non-rural areas in
all the countries except in Afghanistan, Angola, Burkina
Faso, Chad, Congo, Congo DR, Cote d’'Ivoire, Dominican
Rep, Gambia, Haiti, Malawi, Mozambique, Nepal, Niger,
Papua New Guinea, Sierra Leone, Tanzania, and Timor-
Leste.

The pro-rural differences in diarrhoea were widest in
Burundi (48.99/1000 children) and pro-non-rural RD
was widest for Malawi (-47.63/1000) in Eastern Africa.
In Middle Africa, the largest pro-rural difference was in
Cameroon (57.89/1000) and pro-non-rural RD was high-
est for Congo (-68.11/1000). In The Caribbean, the pro-
rural difference was widest in Myanmar (27.07/1000)
and the pro-non-rural difference was widest in Timor
Leste (-56.14). Irrespective of regions, the fixed effects
of pro-rural differences was widest in Togo (69.09/1000)
while the fixed effects of pro-non-rural differences were
widest in Papua New Guinea (86.92/1000). Overall, the
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random effects, of the risk difference per 1000 children
was 6.22/1000 children with a 95% confidence interval
(CI): -0.50-12.93), evidence of insignificant overall pro-
rural inequality. The greatest contribution (weight) to
the random effect was found in Nigeria and India at 2%
each while the least was in Comoros and Gabon at 1.4%
each (Fig. 1).

In Figs. 2 and 3, we used the colours red, orange and
to indicate statistically significant pro-rural inequality,
insignificant inequality and statistically significant pro-
non-rural inequality respectively. Based on risk differ-
ences, four of the nine countries in Eastern Africa, one
of the countries in Middle Africa, Egypt in Northern Af-
rica, two in Southern Africa and seven countries in West
Africa showed statistically significant pro-rural inequal-
ity. Two countries each in Western and Southern Asia,
one country each in Central Asia, Central America and
Southern Europe and none in South America and Ocea-
nia had statistically significant pro-rural inequality in
children having diarrhoea (Figs. 1, 2 and 3).

Relationship between prevalence of diarrhoea and
magnitude of inequality

The relationships between the prevalence of diarrhoea
and the magnitude of rural-non-rural inequality, a func-
tion of RD, across the 57 countries considered in this
study are presented in Fig. 3. We categorised the coun-
tries into four distinct categories based on their preva-
lence of diarrhoea and whether or not the differences
were small or large: (i) High diarrhoea and high pro-
rural inequality countries such as Togo, Yemen, Camer-
oun, Burundi and Namibia (ii) High diarrhoea and high
pro-non-rural inequality countries such as Afghanistan,
Congo, Malawi, and Papua New Guinea (iii) Low diar-
rhoea and high pro-rural inequality countries such as
Nigeria, Egypt, South Africa and Egypt (iv) Low diar-
rhoea and high pro-non-rural inequality countries such
as Timor Leste, Tanzania, and Mozambique.

Decomposition of rural-non-rural inequality in the
prevalence of diarrhoea

We first computed Mantel-Haenszel pooled estimate of
the odds ratio (OR) of having diarrhoea while control-
ling for the countries among all the children. We esti-
mated OR =1.06 (95% CI: 1.04—1.07) and tested if the
OR =1 using z-test; and obtained z =7.45 and p =0.000
and (i) Test of heterogeneity: X* =650.04, degree of
freedom (d.f.) =56, and p = 0.000, I-squared (variation in
odds ratio (OR) attributable to heterogeneity) = 91.4%.
Of the 57 countries, statistically significant pro-rural
odds ratio (pro-rural inequality) was recorded in only 20
countries. The countries are Albania (OR=1.769; p =
0.001), Benin (OR=1.209; p=0.002), Burundi (OR=
1.399; p<0.001), Cambodia (OR=1.201; p<0.031),
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Cameroon (OR=1.377; p<0.001), Comoros (OR=
1.266; p=0.029), Egypt (OR=1.331; p<0.001),
Honduras (OR = 1.127; p = 0.027), India (OR = 1.059; p <
0.001), Indonesia (OR =1.219; p < 0.001), Liberia (OR =
1.158; p =0.017), Mali (OR = 1.240; p = 0.001), Myanmar
(OR =1.422; p =0.004), Namibia (OR = 1.451; p < 0.001),
Nigeria (OR = 1.492; p < 0.001), Rwanda (OR = 1.261; p =
0.010), South Africa (OR = 1.420; p = 0.002), Togo (OR =
1.729; p<0.001), Uganda (OR=1.214; p<0.001), and
Yemen (OR = 1.249; p < 0.001). All the 20 countries have
statistically significant odd ratios with 95% confidence
interval higher than 1 and p-values less than 5% alpha
level as shown in Table 3. Whereas, pro-non-rural in-
equalities were evident in nine countries while the
remaining countries experienced insignificant
inequalities.

For the purpose of confirmation that the 20 countries
were homogeneous as far as significant higher odds of
diarrhoea among rural children than among nonrural
children is concerned, we computed Mantel-Haenszel
pooled estimate of the odds ratio (OR) of having diar-
rhoea among the children in the 20 countries while con-
trolling for the countries. We had OR=1.20 (95% CI:
1.17-1.23) and tested the homogeneity of the ORs: X” =
144.75, degree of freedom (d.f.) =19, and p =0.000. All
the tests were significant.

Table 3 The odds ratio of diarrhoea in pro-rural countries

Country Odds Ratio P-value 95% Cl

Albania 1.769 0.002 1.232-2.538
Benin 1.209 0.002 1.075-1.360
Burundi 1.399 0.000 1.235-1.585
Cambodia 1.201 0.031 1.017-1418
Cameroon 1.377 0.000 1.245-1.523
Comoros 1.266 0.029 1.024-1.565
Egypt 1331 0.000 1.207-1.469
Honduras 1.127 0.027 1.013-1.253
India 1.059 0.001 1.025-1.094
Indonesia 1.219 0.000 1.119-1.329
Liberia 1.158 0.017 1.026-1.306
Mali 1.240 0.001 1.091-1.409
Myanmar 1422 0.004 1.121-1.802
Namibia 1451 0.000 1.240-1.697
Nigeria 1492 0.000 1.386-1.607
Rwanda 1.261 0.010 1.056-1.506
South Africa 1420 0.002 1.135-1.775
Togo 1.729 0.000 1.469-2.034
Uganda 1.214 0.001 1.087-1.355
Yemen 1.249 0.000 1.149-1.357
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We included only the 20 LMIC with significantly
higher odds of having diarrhoea among the rural chil-
dren compared with the non-rural children in the Fairlie
decomposition analysis. Figures 4 show the detailed de-
composition of the part of the pro-rural inequality
caused by compositional effects of the determinants of
diarrhoea among under-five children by the pro-rural
and pro-non-rural inequality countries respectively. The
“explained” (compositional component) and the “unex-
plained” (structural component) portions of the rural-
non-rural inequalities are depicted by red and blue col-
ours respectively in Fig. 4. The lighter the red colour,
the lower the percentage contribution of the “explained”
portion and the lighter the blue colour, the lower the
percentage contribution of the “unexplained” portion.
We found wide variations in the factors associated with
the pro-rural and pro-non-rural inequalities across the
countries.

Generally, neighbourhood SES, household wealth
quintile, access to media, toilet types and maternal age
and education were the most important factors in most
countries. Specifically, the largest contributions to pro-
rural inequality in the prevalence of diarrhoea were
neighbourhood SES (414% higher in communities with
lowest SES), followed by household wealth index (128%
higher among children from households in the poorest
wealth quintiles), maternal education (79% higher among
parents with no education), media access and toilet types
in Myanmar. In India, the greatest contributors to the
disparities are media access, neighbourhood SES, mater-
nal education, maternal ages and birth order. The dis-
parities were better explained by household wealth
quintiles, toilet type, and maternal age in Yemen
whereas the most significant contributors are neighbour-
hood SES, household wealth quintile, access to media,
toilet types and sources of drinking water in Yemen.
Other factors such as childbirth weight, age and sex,
mothers’ employment status, marital status had the low-
est contribution to rural-non-rural inequality in the
prevalence of diarrhoea across these countries.

Discussion

In this study, we pooled data from 57 LMIC to assess in-
dividual- and neighbourhood-level factors that explain
the rural-non-rural inequalities in the development of
childhood diarrhoea using the Fairlie Multivariable de-
composition analysis. The study was designed on the
premise that there are disparities in the health status of
children living in rural non-rural areas in LMIC. We
found significant disparities across countries in the fac-
tors associated with the pro-rural and pro-non-rural in-
equalities in the occurrence of diarrhoea. The findings in
this study show the non-uniform variation in the preva-
lence of diarrhoea among children whose mothers reside
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in rural and non-rural communities. This alludes to the
importance of residential inequalities in the occurrence
of diarrhoea. The significant residential-related differ-
ences could be attributed to the individual characteris-
tics across countries.

Similar to outcomes of the previous study, a higher
prevalence of diarrhoea was found in the rural area as
compared to non-rural areas of study. The pro-rural in-
equality found mostly in Asian countries as reported in
the previous study [1] could be a result of a lack of social
amenities and basic infrastructure needed in the rural
area. In the non-rural settings, Southern and Western
Asia shared the least and most burden of diarrhoea risk
difference as reported in another study [41].

The study also identified factors associated with the
occurrence of diarrhoea in LMIC. All the examined fac-
tors except sex of household head significantly predict
the development of diarrhoea among U5C. Notably, in
both rural and non-rural settings, the infants are said to
be more predisposed to diarrhoea as found in the previ-
ous studies [17, 42, 43] which is said to be more pro-
nounced among the female children though this is
contrary to some studies [44, 45]. Furthermore, the age
of the mother is found to be significantly associated with
the development of diarrhoea as children from young
mothers age 15-24 are largely exposed. This could be
because at this age many of the mothers are still teen-
agers and some might not have the financial capability
and knowledge of raising a healthy child as supported in
a previous study [46]. This study also revealed that chil-
dren born to non-educated mothers are susceptible to
diarrhoea. Educated mothers are more likely to have ad-
equate knowledge on the importance of good hygiene as
compared to uneducated mothers. This position is sup-
ported by Fikire et al. in their study on understanding
the determinants of delay in care-seeking for diarrhoea
diseases among mothers/caregivers with U5C in public
health facilities in Southern Ethiopia [47].

Furthermore, this study shows that unemployment
[48], low economic status, and lack of access to media
gadget such as television and radio among mothers are
associated with the risk of their children developing diar-
rhoea [49]. As affirmed by other studies, an average
weighted child at birth [41] firstborns [46] and children
born to parents with low access to infrastructural facil-
ities such as improved toilet [50] and improved housing
materials have a higher risk of diarrhoea occurrence. Ac-
cess to improved toilet facilities allows for safer disposal
of faeces and limit the risk of contact between diarrhoea
causative organism and human host [2].

Moreover, obvious intercountry differences in the risk-
difference in diarrhoea between rural and non-rural
areas were recorded. In most of the countries, the preva-
lence of mortality was of higher proportion in the rural
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areas, with an exception in 20 countries. Based on re-
gions, the largest statistically significant pro-rural in-
equality in children having diarrhoea was found in
Eastern Africa (in Burundi, Uganda, Rwanda and Kenya),
Northern Africa (in Egypt), Southern Africa (in Namibia,
South Africa). There was no significant pro-rural in-
equality in South-Eastern Asia and Oceania. Moreover,
no significant pro-non-rural was recorded for Central
Asia, Northern Africa, Southern Africa, Western Asia,
Central America and Southern Europe. The inequalities
observed across the countries are a pointer to the wors-
ening health situation in the rural areas and it calls for
urgent intervention.

In decomposing pro-rural inequality in the prevalence
of diarrhoea in LMIC, compositional effects were found in
factors such as neighbourhood SES, household wealth,
wealth index, toilet type, child’s age, maternal age and
contribute greatly to the prevalence of diarrhoea across
countries. This invariably suggests a thorough investiga-
tion into these variables as these will go a long way in re-
ducing Diarrhoea occurrence among children of LMIC.
Specifically, in countries such as India, Yemen, and
Myanmar, diarrhoea is linked to neighbourhood SES,
wealth index, maternal education, and unimproved toilet
types as supported by several studies [41, 51, 52]. Many of
these countries are densely populated with a higher pro-
portion of women with low socioeconomic status.

Limitations of the study

This study has some key strengths. The use of nationally
representative  data  generated from standardised
methods in 57 LMIC gave credibility to the findings of
this study in terms of generalizability across countries.
The study also presented a clear pattern of diarrhoea
prevalence among U5C in LMIC. One of the drawbacks
in the current study was that diarrhoea morbidities were
measured based on individual self-reported information
which may be subject to recall bias and under-reporting
and thus, distorts data quality. However, the data origi-
nators ensured the reduction of such errors during data
collection. Also, the timing of data collection which vary
in the studied countries may result in a bias in the com-
parison of diarrhoea prevalence which occurred at differ-
ent periods. Besides, the cross-sectional nature of the
design of the study restricts the ability to adequately es-
tablish causality and determine how rural and non-rural
disparities developed over time. Moreover, the definition
and categorisation of rural and non-rural areas based on
certain criteria differs across countries and could limit
cross-country comparisons.

Conclusions
Our study shows significant rural-non-rural differences
in diarrhoea prevalence in LMIC. The prevalence of
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diarrhoea was highest among children whose mothers
reside in rural areas and has been linked to
neighbourhood-level and individual-level factors. We
found significant individual-level and community-level
factors associated with pro-rural inequalities in many
countries. Tackling childhood diarrhoea is not
dependent on advances in technology but the adoption
of interventions of proven efficacy that would further
help reduce the burden of childhood diarrhoea and mor-
tality. Sustainable intervention measures that are tailored
to country-specific needs could offer a better approach
to solving rural-non-rural gaps in diarrhoea prevalence
in LMIC. Nonetheless, the odds of diarrhoea was higher
among non-rural children in some countries. Further re-
search is needed in this regard. However, the reasons
could be ascribed to poor hygiene and sanitation in non-
rural areas. More so, there are non-rural areas with
slums, in which case the slums could have been catego-
rized as non-rural areas. Of concern is also the type of
food available to children in non-rural areas.

Public health and community efforts should focus on
promoting hygiene programs and intervention such as
hand washing, cleaning of toilet and proper disposal of
waste in addition to provision of employment opportun-
ities to women.. This calls for the formulation of effect-
ive interventions and policies that recognizes the
heterogeneity of rural and non-rural communities. There
is the need to formulate regional-specific policies, rather
than generalised measures, in reducing the gap in rural-
non-rural diarrhoea burden. Also, intervention measures
that focus on the redistribution of wealth, better access
to improved sanitation among others will go a long way
in reducing regional inequalities in childhood diarrhoea.
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