PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Simelane MS, Chemhaka GB, Zwane E
(2020) A multilevel analysis of individual,
household and community level factors on stunting
among children aged 6-59 months in Eswatini: A
secondary analysis of the Eswatini 2010 and 2014
Multiple Indicator Cluster Surveys. PLoS ONE
15(10): e0241548. https://doi.org/10.1371/journal.
pone.0241548

Editor: Mary Hamer Hodges, Helen Keller
International, SIERRA LEONE

Received: September 10,2019
Accepted: October 18, 2020
Published: October 30, 2020

Copyright: © 2020 Simelane et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: The datasets are
available on the UNICEF website (http:/mics.
unicef.org/surveys). They are anonymous and do
not allow the identification of participants.The
UNICEF data is third-party data,access can be
provided by UNICEF. Before the MICS datasets can
be downloaded, register as a MICS data user. Once
granted access, select MICS 4 &5, the Eastern and
Southern Africa region, under country select
Eswatini year 2010 and 2014. The data is publicly

A multilevel analysis of individual, household
and community level factors on stunting
among children aged 6-59 months in
Eswatini: A secondary analysis of the Eswatini
2010 and 2014 Multiple Indicator Cluster
Surveys

Maswati S. Simelane *, Garikayi B. Chemhaka, Eugene Zwane

Department of Statistics and Demography, Faculty of Social Sciences, University of Eswatini, Kwaluseni,
Eswatini

* smasimelane @uniswa.sz

Abstract

Introduction

Child stunting is a significant public health problem in Eswatini. It is associated with a range
of child health outcomes, including morbidity, physical and cognitive growth.

Objective

To determine the individual, household, and community-level factors associated with child
stunting in Eswatini in 2010 and 2014.

Methods

Using the Eswatini Multiple Indicator Cluster Surveys conducted in 2010 and 2014, a sec-
ondary analysis was done of the children surveyed, aged 6-59 months. A total of 1,891
were surveyed in 2010, and 1,963 children in 2014. Univariate, bivariable analysis and multi-
variable multilevel logistic regression were used to establish the factors associated with
stunting.

Results

The study found that stunting decreased significantly between 2010 and 2014, from 31.4%
t0 25.5% (p<0.001). In both 2010 and 2014, lower odds of stunting were observed among
female children, in children born to women with tertiary education compared to those born to
women with no formal education. Lower odds of stunting were observed among children
from rich households compared to poorest households. In both 2010 and 2014, increased
odds of stunting were observed among children aged 12-23, 24—-35 and 36—-47 months
compared to children aged 6—11 months. At the household level, higher odds of stunting
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were observed among children from households with two and more children under five
years of age compared to those with only one child and in 2010, among children from house-
holds with a pit latrine and no toilet facility compared to households with a flush toilet. At the
community level, in 2010, higher odds of stunting were observed among children from the
Shiselweni compared to those from the Lubombo region.

Conclusion

The findings highlight the individual, household, and community-level factors significantly
associated with stunting and the changes between the two surveys.

Introduction

Globally, much has been done to reduce child mortality from about 12.5 million in 1990 to
about 5.2 million in 2019 [1]. Regardless of the positive progress made in reducing child mor-
tality globally, differences still exist with countries in Sub-Saharan Africa (SSA) experiencing
the highest under five mortality, approximately 2.8 million under five deaths (53% of the global
share) in 2019 [1, 2]. In 2019, Nigeria, Congo, Ethiopia, United Republic of Tanzania, and
Angola were listed among the top ten countries with the highest child mortality. The persistent
under five morbidity and mortality is a result of preventable diseases and clinical conditions,
including stunting. Stunted children are five times more likely to die than non-stunted [3, 4].

To prevent the adverse health effects of poor nutrition and multiple recurrent infections
with late or inadequate management, the World Health Assembly (WHA) established six pil-
lars of targets for 2025, including stunting [5]. The WHA objective is to reduce stunting by
40% by the year 2025 [5]. In 2015 stunting and other nutrition indicators were incorporated
into the global agenda of Sustainable Development Goals (SDGs) to be achieved by the year
2030, goal number two of these SDGs targets ending hunger, achieving food security and
improving nutrition, and promoting sustainable agriculture [6].

Developing countries such as Eswatini recorded a reduction of child stunting of 5% from
2010 to 2014, from a prevalence of 30.9% in 2010 to 25.3% in 2014 among children under two
years [7, 8]. Previous studies established in developing countries that some of the factors asso-
ciated with child stunting include: the age of the child; sex of the child; maternal age; maternal
education; the number of children under five years in the household; the source of drinking
water; the household wealth index; the place of residence; and the region of residence [9-11].
Even though studies investigating factors associated with child stunting have been conducted
in other developing countries such as Zambia, Ghana, Tanzania, and Ethiopia [12-15] in
Eswatini, only descriptive reports serve as a source of information for stunting [7, 8]. Investi-
gating the factors associated with stunting is beneficial for countries as it provides them with
data to assess the impact of national efforts towards meeting the SDG targets. Children are
nested within the household, and households are located in the community; therefore, multi-
level methods are more appropriate for analysis of hierarchical data [15-17].

Country context

Eswatini is a landlocked country in Southern Africa surrounded by the Republic of South
Africa and Mozambique, measuring 17,364 km?, with a population of about 1,093,238 million,
531,111 males and 562,127 females, 78% of whom live in rural areas [18]. The overall growth
rate of the population between 2007 and 2017 was 0.7%, not very different from the 0.9%
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obtained between 1997 and 2007 [19]. Eswatini has experienced a rapid fertility decline over
the years, with 3.3 children per woman in 2014 [7, 19]. The country has a per capita Gross
Domestic Product (GDP) of US$ 2,776, with the main drivers of the economy being agricul-
ture and manufacturing. Of the total population, 53.5% of children aged 0-14 years, 64.1%
out of all those aged 15-24 years, and 54.1% of all those aged 15-35 years live below the pov-
erty line of US$1.90 per day [2, 20]. Overall, in 2017, 58.9% of the population lived below
the poverty line, a decrease of 4.1% from 2010. The literacy level stands at 87.5%, while
unemployment stands at 28.1%, with about 44% of women and 52% of men benefiting from
paid employment. Eswatini experienced a substantial increase in underfive mortality from
67.4 per 1000 live births in 1990 to 116.7 per 1000 live births in 2005, and a sharp reduction
was observed to 67 deaths per 1,000 live births in 2014 and 49.4 deaths per 1000 live births
in 2019 [7, 21]. Evidence from the 2014 Multiple Indicator Cluster Survey (MICS) report
shows that malnutrition in Eswatini is also responsible for the mortality of under-five chil-
dren along with other infectious diseases [7]. The problem of malnutrition was pervasive in
2009 and costed the country about US$92 million, equivalent to 3.1% of the country’s GDP.
To address the problem of malnutrition, in 2017, UNICEF in Eswatini trained 90 health
care workers (HCW) from 9 health facilities and 324 community motivators to strengthen
institutional and community capacity to deliver malnutrition prevention and treatment ser-
vices which aimed to facilitate community-based nutrition promotion, screening and early
referral of malnourished children to health facilities [22]. Several other initiatives have been
put in place by the Eswatini government to combat child morbidity and mortality, they
include increasing access to quality ante-natal care services in line with the WHO recom-
mendation [23, 24], safe delivery, immediate and exclusive breast feeding [7], timely and
adequate complementary feeding, timely and appropriate management of neonatal, infant
and childhood illnesses and poverty alleviation [25], access and improved contraceptive use
and keeping young girls in schools [19, 26] and access to improved water and sanitation
[22, 27, 28].

Even though one of the goals set out in the SDGs includes achieving good health for all and
zero hunger, the country is still far behind in achieving the targeted neonatal mortality rate to
at least 12 deaths per 1,000 live births and under-5 mortality to at least as low as 25 deaths per
1,000 live births by the year 2030 [6]. Therefore, by examining the individual, household, and
community-level factors on stunting among children, stakeholders may identify the important
factors to inform programming. However, there is a scarcity of published scholarly studies
from Eswatini that could provide data to inform programming related to child stunting. For
that reason, this study was conducted to 1) describe the prevalence of child stunting in 2010
and 2014 in Eswatini, and 2) identify the determinants and random effects of child stunting in
Eswatini in these years.

Materials and data sources

This study was a secondary analysis of data from the 2010 and 2014 Eswatini Multiple Indica-
tor Cluster Surveys (MICSs). The MICS is an international initiative by the United Nations
Children’s Fund (UNICEF) to assist countries in collecting and analyzing data for monitoring
the situation of children, women, and men in developing countries. It is a cross-sectional
household survey conducted every three to five years to enable countries to capture rapid
changes in key indicators such as those related to health, education, and development. In the
Eswatini Multiple Indicator Cluster Survey (EMICS) data was collected using standardized
survey questionnaire through face-to-face interviews among nationally representative samples
of households. The EMICS was representative and collected information on households, men,
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women, and children. The sampling frame of the enumeration was based on the 2007 Eswatini
Population and Housing Census [21]. A two-staged sampling technique and a systematic sam-
pling technique were applied. First, enumeration areas (EAs), also known as the primary sam-
pling unit (PSU), were selected. Second, households were selected stratified by the rural and
urban residence and the four regions of the country, which are Manzini, Hhohho, Shiselweni,
and Lubombo [7, 8]. To collect data for children under five years, a standardized questionnaire
was used to collect information for each child in the selected households. The mother or care-
giver was the respondent for the child questionnaire [7, 8].

Study design

For the 2010 EMICS, there were 5,475 households selected from 345 enumeration areas (EA).
Among the sampled households, a total of 4,834 were successfully interviewed, which included
4,956 women aged 15-49 years and 4,646 men aged 15-59 years. The overall household
response rate was 95%.

In the 2014 EMICS, a total of 347 EAs and 5,211 households were selected for the survey.
Within each region, the urban and rural areas were identified as the main sampling strata.
Within each stratum, a sample of 15 households was selected systematically using probability
proportional to size (PPS) in each EA, and a specified number of census EAs were chosen sys-
tematically using PPS [7]. A total of 4,762 women (aged 15-49 years) and 1,459 men (aged 15-
59 years) were successfully interviewed. A detailed description of the sampling design is avail-
able in the 2014 MICS report [7].

In this study for both surveys, 2010 and 2014, mothers and child caregivers were inter-
viewed on the health of children aged 6-59 months to collect data on child stunting. In the
2010 sample, 2,378 children aged 6-59 months had questionnaires completed about them dur-
ing the interviews. However, of those, only 1,891 had complete information provided and
were included as the final sample. In the 2014 EMICS, a total of 2,458 children aged 6-59
months had questionnaires completed about them during the survey interviews. However, 52
children had their height for age z scores not measured and 443 women/caregivers had missing
data on their age; hence were excluded from the analysis. Therefore, the final sample included
1,963 children with complete data.

Outcome variable. The outcome variable for the study was child stunting, measured in
height for age during the survey. The following cut-offs defined by the World Health Organi-
zation (WHO) were used: stunted < -2 HAZ; moderately stunted >-3 HAZ < -2; severely
stunted <-3 HAZ, in line with previous studies [16, 29-31]. A binary variable was created to
define stunting: “not stunted” was defined by a Z-score greater than or equal to -2 SD, and
“stunted” was defined by a Z-score less than -2 SD. Though the indicator was simplistic, the
definition reflected on the assessment of the dynamics of growth and could be used consis-
tently over the whole growth trajectory [32].

Explanatory variables. Several factors at the child level, maternal level, household, and
community level were found to be associated with stunting [10, 15, 29, 30]. At the child level,
the factors were the age of the child and the child’s sex. At the maternal level, the factors were
maternal age, maternal education, parity, and marital status. The household factors were the
household wealth index, the source of drinking water, the type of toilet facility, the number of
children under five years in the household and electricity in the household. The community-
level factors were the area of residence, the region of residence, community poverty, and the
proportion of women with less than secondary education in the community. The community
variables were derived from the individual and household level variables and categorized as
low, medium, or high, as done in previous studies [29, 30].
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Statistical analysis

Stata 15 (Stata Corp, Texas, USA) was used for the analysis. First, univariate analysis was used
to describe the sample and the weighted prevalence of stunting by survey year. Second, bivari-
able analysis with Chi-square statistics was performed to test the independence of the distribu-
tion between the independent variables and the dependent variable. A two-sample, two-tailed
z-test was performed to determine the difference in the weighted proportions of child stunting
between the two survey years. The survey weights were applied in all analyses due to the hier-
archal nature of the EMICS survey. Third, a bivariable and multivariable multilevel logistic
regression was used to identify the factors that were significantly associated with child stunt-
ing. For the multilevel analysis, a two-level model was used to report the random (measures of
variation) and fixed effects (measures of association) estimates of the model. Five models were
specified for the study: model 1 (empty model) included only the outcome variable, model 2
included only the individual factors; model 3 included the household level factors; model 4
included only the community-level factors; and model 5 included the individual, household
and community-level factors in one model. The fixed effects results were reported as adjusted
odds ratios (AOR) at a 95% confidence interval (95% CI). The intraclass correlation coefficient
(ICC) [33], and the proportion change in variance (PVC) were used to report the variation of
stunting at the community level. The Akaike information criterion (AIC) was used to test the
models.

Ethical consideration

The UNICEF team granted permission for the access and use of the EMICS dataset from
http://mics.unicef.org/surveys. They are anonymous and do not allow the identification of par-
ticipants. The data is publicly available and the authors had no special access privileges to the
data and that other researchers will be able to access the data in the same manner as the
authors.

Results

A total of 1,891 children were included in the analysis in 2010 and 1,963 in 2014. There was a
similar distribution of the child-level factors: age group and sex, maternal-level factors: age
group, marital status, maternal education and parity, household factors: household wealth and
community-level factors: region of residence, community poverty, and the proportion of
mothers with lower than secondary education level as shown in Table 1.

There was a significant reduction in the prevalence of child stunting from 31.4%, (95% CI:
29.2, 33.6) in 2010 to 25.5%, (95% CI: 23.4, 27.7) in 2014, (p<0.001), the prevalence of moder-
ate stunting from 21.3% to 18.0% and severe stunting from 10.1% to 7.5% as shown in Fig 1.

Table 1 shows the findings by explanatory factors in each survey year. In both surveys, the
proportion of stunted children was lower among children aged 6-11 and 48-59 months. In
2010 there was no significant difference in stunting by child’s sex, whereas stunting was signifi-
cantly higher among males versus females in 2014 (58.2% versus 41.8%), p<0.001. In both sur-
veys, the proportion of stunted children significantly differed by maternal education status
(p<0.001 in both survey years). In 2010, stunting varied by mothers’ marital status: married
(57.6%), never-married (30.4%), and formerly married (12%) (p<0.05). The richest house-
holds had a significantly lower proportion of stunted children versus the poorest in both sur-
veys (7.8% vs. 32% in 2010), p<0.001, and (6.1% vs. 25.4% in 2014), p<0.001. In 2010, the
majority of stunted children were resident in the Shiselweni (28.3%) and Manzini (27.4%)
regions (p<0.05). In 2014, however, there was no significant difference by region of residence.
In both surveys, stunting significantly varied by parity, source of drinking water, household
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Table 1. Sample characteristics and distribution of child stunting by the explanatory variables, 2010 and 2014.

2010 (n = 1,891)

2010 Stunted (n = 593)

2014 (n = 1,963)

2014 Stunted (n = 512)

Variables n (%) n (%) P-value (Chi-square) | n (%) n (%) P-value (Chi-square)
Child level factors
Child age <0.001 (31.40) <0.001 (51.29)
6-11 months 241 (12.7) 53 (8.4) 234 (11.9) 32(7.2)
12-23 months 432 (22.9) 139 (23.7) 467 (23.8) 143 (28.4)
24-35 months 433 (22.9) 173 (29.0) 468 (23.8) 161 (31.6)
36-47 months 396 (20.9) 129 (22.1) 410 (20.9) 104 (19.7)
48-59 months 389 (20.6) 99 (16.7) 384 (19.6) 72 (13.1)
Child’s sex 0.068 (3.33) <0.001 (15.61)
Male 898 (47.5) 300 (51.3) 976 (49.7) 293 (58.2)
Female 993 (52.5) 293 (48.7) 987 (50.3) 219 (41.8)
Maternal level factors
Maternal age 0.576 (4.75) 0.390 (6.30)
15-19 102 (5.4) 31(51.2) 100 (5.1) 31 (5.5)
20-24 481 (25.4) 160 (26.6) 466 (23.7) 116 (23.4)
25-29 470 (24.9) 133 (22.9) 496 (25.3) 140 (28.5)
30-34 294 (15.6) 87 (14.5) 370 (18.9) 87 (18.0)
35-39 234 (12.4) 80 (12.8) 246 (12.5) 70 (12.4)
40-44 192 (10.2) 65 (11.3) 175 (8.9) 45 (8.2)
45-49 118 (6.2) 37 (6.5) 110 (5.6) 23 (3.9)
Maternal education <0.001 (68.27) <0.001 (59.53)
None 150 (7.9) 61 (10.2) 126 (6.4) 45 (8.0)
Primary 597 (31.6) 235 (40.9) 567 (28.9) 181 (35.3)
Secondary 574 (30.4) 173 (28.7) 686 (35.0) 193 (37.1)
High school 426 (22.5) 114 (18.7) 448 (22.8) 86 (18.4)
Tertiary 144 (7.6) 10 (1.5) 136 (6.9) 7(1.2)
Parity 0.005 (11.53) 0.019 (7.90)
Less than 3 817 (43.2) 228 (37.7) 906 (46.2) 213 (44.4)
3-4 561 (29.7) 178 (30.9) 616 (31.4) 164 (30.0)
5 and above 513 (27.1) 187 (31.5) 441 (22.5) 135 (25.6)
Marital status 0.016 (8.27) 0.195 (3.27)
Married 1136 (60.1) 337 (57.6) 1196 (60.9) 310 (61.4)
Formerly married 173 (9.2) 70 (12.0) 167 (8.5) 53 (9.5)
Never married 582 (30.8) 186 (30.4) 600 (30.5) 149 (29.1)
Household level factors
Household wealth index <0.001 (81.05) <0.001 (48.30)
Poorest 441 (23.3) 191 (32.0) 507 (25.8) 156 (25.4)
Poor 363 (19.2) 120 (21.3) 480 (24.5) 153 (30.5)
Middle 384 (20.3) 135 (23.0) 415 (21.1) 107 (21.4)
Rich 348 (18.4) 95 (15.9) 304 (15.5) 69 (16.7)
Richest 355 (18.8) 52(7.8) 257 (13.1) 27 (6.1)
Source of drinking water <0.001 (13.37) 0.020 (5.45)
Improved 1262 (66.7) 361 (0.6) 1268 (64.6) 203 (0.3)
Not improved 629 (33.3) 232 (0.4) 695 (35.4) 309 (0.7)
Household electricity <0.001 (50.89) <0.001 (15.48)
Yes 1262 (66.7) 163 (26.6) 1036 (52.8) 232 (47.3)
No 629 (33.3) 430 (73.4) 927 (47.2) 280 (52.7)
(Continued)
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Table 1. (Continued)

2010 (n=1,891) |2010 Stunted (n = 593) 2014 (n=1,963) |2014 Stunted (n = 512)
Toilet facility <0.001 (60.38) <0.001 (32..79)
Flush toilet 272 (14.4) 34 (4.7) 256 (13.0) 35(8.1)
Pit latrine 1262 (66.7) 414 (71.3) 1400 (71.3) 370 (70.1)
No facility, Bush, Field | 357 (18.9) 145 (24.0) 307 (15.6) 107 (19.5)
Number of children under five <0.001 (19.59.) <0.001 (20.63)
1 871 (46.1) 229 (37.2) 939 (47.8) 203 (42.3)
2-3 882 (46.6) 312 (54.1) 906 (46.2) 267 (49.9)
4 and more 138 (7.3) 52 (8.7) 118 (6.0) 42 (7.8)
Community-level factors
Area of residence <0.001 (16.22) 0.012 (6.38)
Rural 1384 (73.2) 470 (83.7) 1615 (82.3) 440 (80.7)
Urban 507 (26.8) 123 (16.3) 348 (17.7) 72 (19.3)
Region of residence 0.012 (10.89) 0.622 (1.77)
Hhohho 430 (22.7) 126 (24.3) 478 (24.4) 114 (20.2)
Manzini 483 (25.5) 137 (27.4) 531 (27.1) 140 (37.8)
Shiselweni 504 (26.7) 187 (28.3) 516 (26.3) 138 (19.2)
Lubombo 474 (35.1) 143 (19.9) 438 (22.3) 120 (22.8)
Community Poverty <0.001 (26.41) <0.001 (16.89)
Low 665 (35.2) 160 (24.3) 662 (33.7) 144 (34.2)
Medium 615 (32.5) 209 (37.7) 697 (35.5) 176 (31.3)
High 611 (32.3) 224 (38.3) 604 (30.8) 192 (34.5)
Proportion of mothers with lower than secondary education level <0.001 (32.96) <0.001 (19.44)
Low 684 (36.2) 159 (26.2) 703 (35.8) 144 (34.2)
Medium 577 (30.5) 204 (33.8) 607 (30.9) 176 (31.3
High 630 (33.3) 230 (40.0) 653 (33.3) 192(34.5)

https://doi.org/10.1371/journal.pone.0241548.t001

electricity, type of toilet facility, number of under five children in the household, area of resi-
dence, community poverty, and the proportion of mothers with lower than secondary educa-
tion level in the community, (p<0.05).

Multilevel analysis

The random effects and fixed effects results are shown in Table 2 for the 2010 survey and
Table 3 for the 2014 survey. At the individual level, even after controlling for household and
community level factors in both surveys, the children’s age was associated with stunting. In
2010, children aged 12-23 months, 24-35 and 36-47 months were more likely to be stunted,
(AOR =1.87,95% CI: 1.25, 2.78), (AOR = 2.95, 95% CI: 1.97, 4.40) and (AOR = 1.88, 95% CI:
1.25, 2.82) respectively, as compared to children aged 6-11 months. In 2014, children aged 12-
23 months were more likely to be stunted, (AOR = 3.19, 95% CI: 2.04, 5.00), 24-35 months
(AOR = 3.81, 95% CI: 2.43, 5.96) and 36-47 months (AOR = 2.48, 95% CI: 1.56, 3.96) com-
pared to those aged 6-11 months, holding other factors constant in the model. After adjusting
for household and community level factors, in 2010, female children were 20% less likely to be
stunted (AOR = 0.80, 95% CI: 0.64, 0.98) compared to male children. In 2014, female children
were 33% less likely to be stunted (AOR = 0.67, 95% CI: 0.54, 0.84) compared to their male
counterparts. In 2010, after controlling for household and community level factors, the esti-
mates showed that children born to women with tertiary education were 78% less likely to be
stunted (AOR = 0.22, 95% CI: 0.09, 0.50) compared to those born to women with no formal
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Fig 1. Prevalence of stunting among children aged 6-59 months.
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education. In 2014, children born to women with tertiary education were 82% less likely to be
stunted (AOR = 0.18, 95% CI: 0.07, 0.46) compared to those born to women with no formal
education.

Controlling for all other factors in the model, children from households classified as rich
were less likely to be stunted than those from the poorest households in both 2010 and 2014.
For example, in 2014, the likelihood of being stunted was significantly lower for children from
the richest households (AOR = 0.45, 95% CI: 0.21, 0.96) compared to those from the poorest
households. In 2010, higher odds of being stunted were observed among children from house-
holds with a pit latrine (AOR = 1.87, 95% CI: 1.08, 3.26) and no toilet facility (AOR = 1.98,
95% CI: 1.04, 3.77), compared to those from households with a flush toilet. However, in 2014,
there was no significant association between the toilet facility and stunting. In 2010, children
from households with two to three (AOR = 1.53, 95% CI: 1.21, 1.93), and four and more chil-
dren (AOR = 1.59, 95% CI: 1.03, 2.45) under five years of age had a higher likelihood of being
stunted compared to those from households with only one child. Similarly, in 2014, higher
odds of being stunted were observed among children from households with two to three chil-
dren (AOR = 1.48,95% CI: 1.16, 1.89), and four and more children under five years of age
(AOR = 1.74, 95% CI: 1.08, 2.81) compared to those from households with only one child.
Regionally, in 2010, children from the Shiselweni were 42% more likely to be stunted
(AOR = 1.42, 95% CI: 1.02, 1.98) compared to those from the Lubombo region. In 2014, the
region of residence was not significantly associated with stunting.

The analysis also showed the random effect estimates. The empty model, the intercept only
model was fitted to justify if there was random effect at the community level. In Table 2, empty
model (model 1) there was a significant variation in the odds of child stunting (v = 0.284,
P<0.001 in 2010, T = 0.260, p<0.001 in 2014). The intraclass correlation coefficient (ICC)
revealed that 8% and 7.3% in 2010 and 2014, respectively of the variation of child stunting could
be attributed to the difference in the composition of the communities. The variance remained
significant even after controlling for individual, household and community level factors (model

PLOS ONE | https://doi.org/10.1371/journal.pone.0241548 October 30, 2020 8/16


https://doi.org/10.1371/journal.pone.0241548.g001
https://doi.org/10.1371/journal.pone.0241548

PLOS ONE

A multilevel analysis of factors associated with stunting among children aged 6-59 months in Eswatini

Table 2. Results of the individual, household and community-level factors associated with child stunting, Eswatini MICS 2010.

Variables Model 1 Model 2 Model 3 Model 4 Model 5

Fixed effects AOR(95%CI) AOR(95%CI) AOR(95%CI) AOR(95%CI)
Child level factors

Child age

6-11 months 1 1

12-23 months 1.77 (1.20, 2.27)* 1.87 (1.25, 2.78)*
24-35 months 2.64 (1.78,3.91)" 2.95(1.97, 4.40)*
36-47 months 1.81 (1.21, 2.70)* 1.88 (1.25, 2.82)*
48-59 months 1.25(0.83, 1.89) 1.24 (0.82, 1.81)
Sex

Male 1 1

Female 0.81 (0.66, 1.00) 0.80 (0.64, 0.98)*
Maternal level factors

Maternal age

15-19 1 1

20-24 1.22 (0.74, 2.03) 1.06 (0.64, 1.78)
25-29 1.07 (0.70, 2.32) 1.02 (0.59, 1.76)
30-34 1.27 (0.62, 1.83) 1.36 (0.74, 2.49)
35-39 1.24 (0.68, 2.25) 1.18 (0.62, 2.25)
40-44 1.14 (0.60, 2.14) 1.14 (0.58, 2.25)
45-49 0.76 (0.37, 1.58) 0.81 (0.39, 1.70)

Maternal education

None 1 1

Primary 0.97 (0.65, 1.46) 0.94 (0.62, 1.42)
Secondary 0.61 (0.41, 0.93)* 0.70 (0.44, 1.10)
Higher 0.54 (0.34, 0.85)" 0.70 (0.43, 1.15)
Tertiary 0.11 (0.05, 0.23)" 0.22 (0.09, 0.50)*
Parity

Less than 3 1 1

3-4 1.13 (0.84, 1.51) 1.02 (0.75, 1.37)
5 and above 1.24 (0.85, 1.82) 1.01 (0.68, 1.51)

Marital status

Married

1

1

Formerly married

1.50 (1.04, 2.17)

1.34 (0.92, 1.95)

Never married

1.33 (1.02, 1.74)*

1.19 (0.91,1.57)

Household level factors

Household wealth index

Poorest 1 1

Poor 0.65 (0.47, 0.90)* 0.63 (0.45, 0.88)*
Middle 0.74 (0.53, 1.04) 0.76 (0.52, 1.11)
Rich 0.63 (0.53, 1.06) 0.66 (0.37,1.17)
Richest 0.45 (0.23, 0.89)* 0.43 (0.25, 1.16)

Source of drinking water

Improved 1 1

Not improved 1.03 (0.81, 1.30) 1.03 (0.81, 1.33)
Household electricity

Yes 1 1

No 1.22(0.81, 1.82) 1.20 (0.79, 1.82)

(Continued)
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Table 2. (Continued)

Variables Model 1 Model 2 Model 3 Model 4 Model 5

Fixed effects AOR(95%CI) AOR(95%CI) AOR(95%CI) AOR(95%CI)
Toilet facility

Flush toilet 1 1

Pit latrine 2.02 (1.19, 3.44)* 1.87 (1.08, 3.26)*

No facility, Bush, Field

2.15(1.16, 3.96)*

1.98 (1.04, 3.77)*

Number of under-five children in

the household

1

1

1

2-3

1.38 (1.11, 1.73)*

1.53 (1.21, 1.93)*

4 and more

1.38 (0.92, 2.09)

1.59 (1.03, 2.45)*

Community Level factors

Area of residence

Rural 0.94 (0.65, 1.36) 0.68 (0.46, 1.02)
Urban 1 1

Region of residence

Hhohho 1.21 (0.86, 1.70) 1.18 (0.83, 1.70)
Manzini 1.23 (0.87, 1.73) 1.17 (0.82, 1.68)
Shiselweni 1.47 (1.07, 2.02)* 1.42 (1.02, 1.98)*
Lubombo 1 1

Community Poverty

Low 1 1

Medium 1.42 (1.01, 2.03) 0.97 (0.66, 1.42)
High 1.49 (1.02, 2.19) 0.92 (0.59, 1.75)
Proportion of mothers with lower than secondary education level in the community

Low 1 1

Medium 1.71 (1.26, 2.32)* 1.40 (1.01, 1.94)
High 1.75 (1.27, 2.41)* 1.21 (0.84, 1.75)
Random effects Empty Individual Household Community Final model
Community variance (SE) 0.284 (0.102)* 0.209 (0.095)* 0.182 (0.091)* 0.183 (0.088)" 0.169 (0.092)*
VPC =ICC (%) 8.0 6.0 5.3 5.7 4.9

PCV (%) Reference 79.0 81.6 35.8 40.6

Log likelihood -1169.30 -1108.01 -1121.76 -1148.23 -1078.99
Observations 1,891 1,891 1,891 1,891 1,891

AIC 23421.60 2258.02 2267.53 2316.47 2235.98

*significant at p<0.05, SE-standard error, ICC-intraclass correlation coefficient, PVC-proportion change in variance, AOR-adjusted odds ratio, AIC-Akaike

information criterion

https://doi.org/10.1371/journal.pone.0241548.t002

5). Tables 2 and 3 further show the model fit statistics. In both survey years, the Akaike Informa-
tion Criterion (AIC) estimates showed significant reduction indicating that the model
improves, revealing a better fit for the data. Therefore, after combining individual, household
and community level factors in one model the model specification improved compared to the
other models. The combined model (model 5) was therefore chosen to predict child stunting.

Discussions

The study found a slight significant decrease in the prevalence of child stunting between 2010
and 2014, and several factors were associated with the reduction in stunting in the two survey
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Table 3. Results of the individual, household and community-level factors associated with child stunting, Eswatini MICS 2014.

Variables Model 1 Model 2 Model 3 Model 4 Model 5

Fixed effects AOR (95%CI) AOR (95%CI) AOR(95%CI) AOR (95%CI)
Child level factors

Child age

6-11 months 1 1

12-23 months 3.09 (1.98, 4.82)* 3.19 (2.04, 5.00)*
24-35 months 3.76 (2.41, 5.87)" 3.81(2.43,5.96)*
36-47 months 2.43 (1.53, 3.85)" 2.48 (1.56, 3.96)*
48-59 months 1.62 (1.00, 2.61) 1.58 (0.97, 2.57)
Sex

Male 1 1

Female 0.67 (0.54, 0.83)* 0.67 (0.54,0.84)*
Maternal level factors

Maternal age

15-19 1 1

20-24 0.76 (0.45, 1.29) 0.77 (0.45, 1.31)
25-29 0.89 (0.51, 1.54) 0.94 (0.54, 1.66)
30-34 0.64 (0.35, 1.18) 0.77 (0.41, 1.45)
35-39 0.74 (0.38, 1.42) 0.93 (0.47, 1.82)
40-44 0.56 (0.28, 1.12) 0.71 (0.35, 1.45)
45-49 0.39 (0.18, 0.84)* 0.45(0.21, 1.01)

Maternal education

None 1 1

Primary 0.78 (0.50, 1.23) 0.79 (0.50, 1.25)
Secondary 0.68 (0.44, 1.07) 0.76 (0.47, 1.22)
Higher 0.41 (0.25, 0.67)* 0.49 (0.29, 0.84)*
Tertiary 0.10 (0.04, 0.25)" 0.18 (0.07, 0.46)*
Parity

Less than 3 1 1

3-4 1.17 (0.86, 1.62) 1.07 (0.78, 1.48)
5 and above 1.50 (0.99, 2.26) 1.18 (0.77, 1.80)

Marital status

Married

1

1

Formerly married

1.28 (0.87, 1.88)

1.14 (0.77, 1.48)

Never married

1.07 (0.81, 1.41)

1.18 (0.77, 1.80)

Household level factors

Household wealth index

Poorest 1 1

Poor 1.17 (0.85, 1.62) 1.16 (0.82, 1.64)
Middle 0.92 (0.62, 1.37) 0.87 (0.55, 1.37)
Rich 0.83 (0.51, 1.36) 0.82 (0.46, 1.47)
Richest 0.37 (0.19, 0.79)* 0.45 (0.21, 0.96)*

Source of drinking water

Improved

1

1

Not improved

0.98 (0.77, 1.25)

1.02 (0.79, 1.32)

Household electricity

Yes

1

1

No

1.04 (0.77, 1.40)

0.99 (0.72, 1.37)

(Continued)
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Table 3. (Continued)

Variables Model 1 Model 2 Model 3 Model 4 Model 5

Fixed effects AOR (95%CI) AOR (95%CI) AOR(95%CI) AOR (95%CI)
Toilet facility

Flush toilet 1 1

Pit latrine 1.21 (0.75, 1.96) 1.12 (0.68, 1.87)

No facility, Bush, Field

1.65 (0.93, 2.94)

1.30 (0.70, 2.43)

Number of under five children in the household

1

1

1

2-3

1.42 (1.14, 1.78)*

1.48 (1.16, 1.89)*

4 and more

1.69 (1.08, 2.65)*

1.74 (1.08, 2.81)*

Community Level factors

Area of residence

Rural 1.12 (0.78, 1.61) 0.80 (0.52, 1.21)
Urban 1 1

Region of residence

Hhohho 1.05 (0.74, 1.50) 1.13 (0.77, 1.67)
Manzini 1.28 (0.90, 1.83) 1.32(0.89, 1,96)
Shiselweni 1.19 (0.84, 1.68) 1.22 (0.83,1.78)
Lubombo 1

Community Poverty

Low 1 1

Medium 1.13 (0.81, 1.56) 0.85 (0.58, 1.23)
High 1.47 (1.03, 2.09)* 0.95 (0.61, 1.47)
Proportion of mothers with lower than secondary education level in the community

Low 1 1

Medium 1.18 (0.86, 1.60) 1.06 (0.76, 1.48)
High 1.52 (1.11, 2.08)* 1.18 (0.82, 1.69)
Random effects Empty Individual Household Community Final model
Community variance (SE) 0.260 (0.102)* 0.235 (0.106)* 0.201 (0.096)* 0.179 (0.092)* 0.212 (0.104)*
VPC =ICC (%) 7.3 6.7 5.8 5.2 6.1

PCV (%) Reference 9.6 20.5 31.0 76.7

Log likelihood -1121.09 -1047.38 -1084.55 -1109.38 -1028.0
Observations 1,963 1,963 1,963 1,963 1,963

AIC 2246.17 2136.77 2193.1 2238.75 2134.12

*significant at p<0.05, SE-standard error, ICC-intraclass correlation coefficient, PVC-proportion change in variance, AOR-adjusted odds ratio, AIC-Akaike

information criterion

https://doi.org/10.1371/journal.pone.0241548.1003

periods. The magnitude of child stunting is relatively low in Eswatini when compared to that
of Zambia (40%) [10], Mozambique (51%) [34] and Malawi (48.4%) [30]. The decline in stunt-

ing is in line with the global agenda to achieve SDG goal number two, to end hunger and

improve nutrition by 2030 [6, 35]. The observed decrease in child stunting may have been a
result of programs spearheaded by the Eswatini Nutrition Council and UNICEF to identify
stunted children at the community and facility level for proper referral and management at a
health facility [36]. Other programs implemented include educational programs focusing on
females [26], family planning and access and use of modern contraceptives [19] and national
efforts aimed at improving access to safe water in communities and poverty alleviation. i.e in
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2012 the poverty rate decreased to 63% from 69% in year 2000 [37, 38]. However, stunting is
still a significant public health challenge in Eswatini.

The study found that children aged 12-23, 24-35, and 36-47 months had higher odds of
being stunted compared to those aged 6-11 months. The study findings are consistent with
other studies that the odds of stunting increased from age 12-47 months [15, 16]. This study
found lower odds of being stunted among female children. Other studies done in developing
countries also reported a lower likelihood of being stunted among female children compared
to their male counterparts [10, 16]. A multicounty analysis of 16 Demographic and Health Sur-
veys from 10 developing countries reported similar findings that female children were less
likely to be stunted [39]. This could be due to child feeding preferences or other health expo-
sures and that male children are biologically more predisposed to sicknesses compared to
females [13, 40, 41].

This study found that an increase in mothers’ education was associated with lower odds of
child stunting. Other studies done in Zambia, Nigeria, and Rwanda reported a lower risk of
child stunting among children born to educated mothers [10, 17, 42]. The care afforded by the
mother to the child, including access to medical care and proper nutrition and hygiene, was
influenced by the mother’s educational level [43]. The reduced odds of stunting among chil-
dren from the richest households were also observed in other studies [13, 44, 45].

The results showed that children from households that used a pit latrine or did not have a
toilet facility at all had increased odds of being stunted. Similarly, an analysis of 137 Demo-
graphic and Health surveys in developing countries showed that children with access to
improved sanitation had reduced odds of stunting among children under five years [46]. In
line with the literature [14, 47, 48], this study found that children from households with two or
more children aged under five years were more likely to be stunted.

Studies have reported variations in child stunting by region of residence [15, 16, 31]. The
prevalence of stunting was lower by 9.1 points between 2010 and 2014 in the Shiselweni region
between 2010 and 2014 (see Table 1). An explanation for this finding could be due to the
impact of programs implemented in the Shiselweni region by organisations such as Save the
children and World Vision in giving food hampers to needy children and households to
improve their nutrition. Children that were residents in the Shiselweni region had higher odds
of being stunted in 2010, although in 2014 there was no significant variation between the
regions. Even though the poverty incidence reduced from 82% in 2001 to 68% in 2010 in the
Shiselweni region, it was still the impoverished region relative to the other regions [25, 49].

Study strengths and limitations

This study should be interpreted with caution. It was cross-sectional; hence it was challenging
to establish a sequence of events and causal inference between stunting and individual, house-
hold, and community-level factors. The use of secondary data is a limitation due to the limited
number of variables available in MICSs yet important for explaining child stunting, such as
dietary intake and health care-related factors. Recall bias, and misreporting some information,
such as on children age and birth size, cannot be ruled out in the EMICS. The study aggregated
the community-level factors at the enumeration area (EA); this may have resulted in some chil-
dren being misclassified. This study can only be interpreted in the context of Eswatini. Regard-
less of the above limitations, the study has several strengths. Firstly, we utilized data from a
nationally representative survey, which improves the generalizability of the findings. Secondly,
a multilevel analysis was used due to the hierarchal nature of the EMICSs. Thirdly, we
accounted for the multistage complex sampling design of the two surveys through weighting,
which further increased the validity of the study.
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Conclusion

In summary, the study findings indicate a slight decrease of stunting in children 6-59 months
of age between 2010 and 2014 in Eswatini. Even though stunting slightly reduced between
2010 and 2014, it remains a public health problem in Eswatini. Stunting was high among
males versus female children and who have two or more children under five years in the
household in both 2010 and 2014. In 2010 stunting was higher among children from house-
holds with a pit latrine or no toilet facility versus those from households with a flush toilet
facility and from the Shiselweni region. In both 2010 and 2014 child stunting was significantly
lower amongst children whose mother had received tertiary education while in 2014 stunting
was significantly lower among children from rich households. Overall, a multisectoral pro-
gram that targets integrated interventions at the individual, household, and community factors
could yield positive gains in the reduction of child stunting to achieve the SGDs by 2030.
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