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Abstract
Concurrent wasting and stunting (WaSt) is a serious form of malnutrition among young children, particularly vulnerable groups affected by the conflict.
Understanding the prevalence and risk factors of WaSt among vulnerable children is important to develop effective intervention measures to reduce the
burden of WaSt. The present study aimed to identify the prevalence of and risk factors for WaSt among marginalised children aged 6–59 months in Sana’a
city, Yemen. A community-based cross-sectional design was conducted on a total sample size of 450 marginalised children aged 6–59 months who lived
at home with their mothers. Multivariable logistic regression analysis was performed and the prevalence of WaSt was found to be 10⋅7 %. Children aged
24–59 months were protected from WaSt (adjusted odds ratio (AOR) 0⋅40, 95 % confidence interval (CI) 0⋅21, 0⋅75). A higher prevalence of WaSt was
associated with male sex (AOR 2⋅31, 95 % CI 1⋅13, 4⋅71), no history of being breastfed (AOR 3⋅57, 95 % CI 1⋅23, 10⋅39), acute diarrhoea (AOR 2⋅12,
95 % CI 1⋅12, 4⋅02) and family income sources of assistance from others (AOR 2⋅74, 95 % CI 1⋅08, 6⋅93) or salary work (AOR 2⋅22, 95 % CI 1⋅10, 4⋅47).
Continued breast- and bottle-feeding were not associated with WaSt in children aged 6–23 months. Mothers’ age, education and work status, family size
and drinking water source were not associated with WaSt. Overall, we found that the prevalence of WaSt among marginalised children remained high.
Interventions to improve household income, hygienic conditions and child feeding practices are necessary to promote child growth.

Keywords: Children: Concurrent wasting and stunting: Prevalence: Yemen

Introduction

Malnutrition remains a threat to children in developing coun-
tries and accounts for approximately 45 % of all child
deaths(1). Malnourished children are more prone to infec-
tions(2–4). Wasting, stunting and underweight are the most
common forms of malnutrition among children under age
five. Wasting is commonly known when children have an
abnormally low weight for their height. It is most common
among children under 24 months(5). It has an immediate effect
on children and can cause death(6). The condition known as

stunting, on the other hand, occurs when children’s height is
abnormally low for their age. Compared to wasting, stunning
has delayed or long-term developmental consequences(7).
When wasting and stunting combined, the condition is
known as the concurrent wasting and stunting (WaSt)(8–10).
WaSt is the most severe kind of malnutrition because of the

combined effects of wasting and stunting(11). The risk of death
in children with WaSt was shown to be 12⋅75 times higher
than the hazards associated with stunting and wasting separ-
ately, which were found to be 1⋅47 and 2⋅30 times higher,
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respectively(12). Recent meta-analysis reported that the preva-
lence of WaSt ranges between 0 and 8 % in eighty-four
countries, with the highest occurrence in the fragile and
conflict-affected areas(13). WaSt was substantially correlated
with male sex(8,9,14), age of 12–23 months, infection and
maternal underweight(8,15). A number of risk factors, including
low birth weight(16,17), poor socioeconomic status(16,17) and
maternal short stature(17), have also been linked to both wast-
ing and stunting. Though several studies highlighted the preva-
lence and risk factors of WaSt among children, the problem is
not studied well in vulnerable groups in the war affected areas
like Yemen.
Children’s lives have been jeopardised by malnutrition in

Yemen for many years(18). Malnutrition prevalence has been
significantly impacted by the ongoing conflict(19,20). Food
instability and limited access to health care, which are the
main causes of malnutrition, have been exacerbated by the
interruption of vital services, particularly food delivery and
medical treatment(20). Marginalised communities, who already
faced considerable socioeconomic and health disparities, are
the most affected(21,22). Consequently, the malnutrition includ-
ing WaSt is expected to be high among marginalised children.
The size of WaSt among marginalised children in Yemen is
not yet known. This dearth of information emphasises the
necessity of a research to assess the prevalence of the issue
and its risk factors. By providing such first estimates of the
prevalence of WaSt among this cohort, this might considerably
raise awareness of the problem and help in guiding policy deci-
sions on health and nutrition measures.

Methods

Study design, setting and population

A cross-sectional study was conducted in Sana’a city between
April and October 2021. The marginalised group here has
been suffering from discrimination and poverty for decades(21).
These marginalised families live in several neighbourhoods in
the city and its outskirts, scattered or in camps. Although no
official statistics exist on the size of the population, the number
is estimated to be between 0⋅5 and 3⋅5 million(21). This margin-
alised community is considered one of the most vulnerable
groups in Yemen(22), and they usually have menial occupations.
Households with at least one child aged 6–59 months living
with their mother in camps were eligible to participate in this
study. Children with chronic illness or malformation and fam-
ilies who refused to participate in the study were excluded.

Sample size

A single-proportion formula was used to estimate the sample
size at a 95 % confidence interval and a 5 % level of signifi-
cance(23). The prevalence of WaSt in similar studies ranged
from 1 to 8 %. Since no previous WaSt studies from Yemen
exist, the proportion of acute malnutrition from the national
survey (16 %) was considered(18). The initial sample size was
207 children; this number was then multiplied by two for
the design effect to account for clustering and adjusted for

an anticipated nonresponse rate of 10 %. The final sample
size was 459 children aged 6–59 months.

Sampling

The process of selecting the study samples was performed in
two stages. In the first stage, four camps were randomly
selected from the twelve identified in the study area. The sam-
ple size was proportionally distributed among the selected
camps according to the estimated number of households of
each camp. In the second stage, the required number of
households inhabited by mothers and at least one child
between 6 and 59 months of age was selected using the
World Health Organization’s guidelines for an immunisation
survey expanded program(24). If the household had more
than one child aged 6–59 months, the youngest child was
selected for assessment.

Data collection

Data were collected from June 1 to 14, 2021, by 10 final-year
medical students (five men and five women) who had been
trained on how to ask questions and measure the length/
height and weight of children. A structured questionnaire
was used to collect data through direct interviews with
mothers at their homes. The questionnaire consisted of
three main sections: data related to the child (characteristics,
feeding practices and anthropometric measurements), the
mother (age, education and work status) and the household
(family size, source of income, number of rooms, source of
drinking water and presence of bathroom).
The ten data collectors were divided into five groups of two,

who measured the length/height and weight of each child
according to World Health Organization guidelines(25). A sta-
diometer (Pimolchai board) was used to measure the children’s
length/height and a portable weighing scale (Seca, Model 874)
was used to measure the children’s weight. Weight was docu-
mented to the nearest 0⋅1 kg. Mothers were asked to remove
their child’s clothes and shoes and place them standing on the
device installed on a flat floor. For young children who could
not stand or refused to stand, the weight of the mother was
measured first, then the weight of the mother with the child
was measured and the child’s weight was then subtracted
from the total weight. For children aged 24–59 months, height
was taken to the nearest 0⋅1 cm in a standing position, without
shoes or head covers. Length was measured for children aged
6–23 months while they were in a supine position.

Dependent and independent variables

The dependent variable was WaSt. According to the World
Health Organization, a child is considered stunted, wasted or
underweight if the Z-score of height-for-age (HAZ),
weight-for-height (WHZ) and weight-for-age are ≤2 standard
deviations (SD)(26). A value between –2 and –3 for any of these
variables indicates a moderate case, whereas values below –3
indicate a severe case. WaSt was considered to be present
when the WHZ and HAZ were ≤2 SD. WaSt was measured
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as a binary variable and coded as follows: 1 = children with
WaSt and 0 = children with no WaSt. ENA for SMART
(2007) is used to compute WHZ, HAZ and WAZ values
for each child.
The independent variables for the child-related demographic

data included the child’s age in months (classified into two
groups: 6–23 or 24–59 months), sex (boy or girl) and birth
order (first, second or third and higher). The child’s age was
taken based on the families’ available documents, such as
immunisation cards or dates documented by a family member.
If no documents existed, a calendar of major events and cele-
brations was used to help the mother recall the date she deliv-
ered the child.
All mothers were asked whether they had ever breastfed and

whether they exclusively breastfed their child. ‘Ever breastfed’
was classified as a yes/no question, with children who had con-
sumed their mother’s milk designated ‘yes’ and children never
fed with their mother’s milk designated ‘no’. The child was
considered exclusively breastfed if the mother stated that the
child did not receive any sustenance during the first 6 months
except breast milk and prescribed medicines(27). Continued
breast-feeding and bottle-feeding were assessed for children
aged 6–23 months. Children 6–23 months of age who were
fed from mothers’ milk on the day before the interview were
marked ‘continued breast-feeding’. Children were deemed to
be bottle-feeding if they consumed any food or drink, including
their mother’s milk, from a bottle with a nipple on the previous
day(27). Food diversity for each child was assessed by asking
the mother to list all foods and beverages given to the child
on the previous day. Food diversity was assessed using the
World Health Organization recommended food groups,
which include: breast milk, grains, roots, tubers, and plantains,
pulses (beans, peas, and lentils), nuts, seeds, dairy products
(e.g., milk, infant formula, yoghurt, and cheese), flesh foods
(meat, poultry and organ meats), eggs, vitamin A-rich fruits
and vegetables, and other fruits and vegetables. Children
aged 6–23 months who consumed food and beverages from
at least five of the eight recommended food groups on the pre-
vious day were considered ‘food diverse’(27), while children
aged 24–59 months were considered food diverse if they con-
sumed at least four of the seven recommended food groups(28).
The child had acute diarrhoea if the mother reported that they
had passed at least three loose or watery stools in 24 h at least
once in the 2 weeks preceding the survey(29).
Mothers’ characteristics were summarised by age in years

and categorised into four groups (under 20, 20–29, 30–39
or 40 and older), educational level (no education, primary or
secondary) and work status (employed or not). The household
characteristics assessed included family income source, family
size, number of rooms, source of drinking water and presence
of a bathroom in the house. Family income source was divided
into three categories: at least one family member earning daily
wages, at least one family member earning a salary or the fam-
ily receiving assistance from others. Family size was divided
into families of five members or fewer and families of over
five members. Drinking water source could include water
tanks or others, such as buying treated water or collecting it
from neighbours or wells.

Statistical analysis

Proportions were used to describe categorical variables. To
explore the factors related to WaSt, a χ2 test and Fisher’s
exact test were used. Multivariable logistic regression was per-
formed to adjust for potential confounders, and AOR and
95 % CI were calculated. Mothers’ education was included a
priori (8). All variables associated with WaSt with a P-value of
<0⋅10 in the bivariate analysis were checked for interactions
and multicollinearity. The assessment of interaction was
done using the likelihood ratio test, and multicollinearity was
checked using the variance inflation factor. No evidence of
interaction was found between the variables. The variance
inflation factor was less than 1⋅1, indicating no multicollinear-
ity. Stata 16 (Stata Corp., College Station, TX, USA) was used
for data analysis.

Ethics

This study was conducted according to the Declaration of
Helsinki, and all procedures involving research study partici-
pants were approved by the ethical committee of Sana’a
University. Verbal informed consent was obtained from all par-
ticipants. Verbal consent was witnessed and formally recorded.

Results

Nine families refused to participate in this study. Thus, 450
households were included in the analysis.

Respondent characteristics

Table 1 shows the descriptive results for the children’s charac-
teristics, feeding practices and nutritional statuses. Nearly
two-thirds of the children included were between 24 and 59
months old. The proportion of boys was higher than girls
(58⋅0 % v. 42⋅0 %) and more than half of the children
(60⋅0 %) were third or more in the family birth order.
Around 5 % of children had never been fed with their
mother’s milk, and only 7⋅3 % were exclusively breastfed
for 6 months. Among those aged 6–23 months, 60⋅6 % con-
tinued to breast-feed and 43⋅8 % were fed from a bottle with a
nipple. Approximately 43 % of children consumed diverse
food (as defined according to the described World Health
Organization guidelines) in the 24 h before the interview.
More than 40 % of children had had acute diarrhoea in the
2 weeks previous to the study.
Table 1 shows the prevalence of wasting, stunting, under-

weight and WaSt. The prevalence of wasting, stunting and
underweight status were 26⋅7, 51⋅8 and 49⋅8 %, respectively.
Approximately 17 and 10 % of children had moderate and
severe wasting, respectively. More than a quarter of children
were severely stunted. The proportion of children who had
WaSt was 10⋅7 %.
Table 2 shows the maternal and household characteristics.

Approximately 45 % of mothers were 20–29 years old
(44⋅2 %), more than half had no education (52⋅0 %), and
the majority were housewives with no outside employment
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(91⋅3 %). More than half of the households had more than
five members, and one-third of families lived in a single
room. Almost 60 % of households were dependent on daily
wages as their source of income, and 80⋅7 % relied on tanks
as their source of drinking water.

Distribution of child, maternal and household characteristics
by WaSt

Table 3 shows the distribution of children’s characteristics by
WaSt. Children aged 6–23 months had a significantly higher
prevalence of WaSt than those aged 24–59 months (16⋅2 %
v. 7⋅6 %, P = 0⋅004). WaSt was significantly more common
among boys than among girls (13⋅8 % v. 6⋅4 %, P = 0⋅012).
Children who had never breastfed had a higher prevalence
of WaSt than those who had (26⋅1 % v. 9⋅8 %, P = 0⋅014).
WaSt was also more common among children with acute

diarrhoea than among those without diarrhoea (13⋅7 % v.
8⋅5 %, P = 0⋅076). Birth order, exclusive breast-feeding,
food diversity and place of delivery were not associated with
WaSt. Among children aged 6–23 months, neither continued
breast-feeding nor bottle-feeding was associated with WaSt.
Table 4 shows that WaSt was significantly more common

among children whose mothers worked outside the home
than those whose mothers were housewives (20⋅5 % v.
9⋅7 %, P = 0⋅037). The prevalence of WaSt was over twice
as high among children whose families depended on assistance
(16⋅0 %) or salary work (15⋅3 %) compared to families relying
on daily wages (7⋅4 %, P = 0⋅025).

Factors associated with WaSt

In the multivariable analysis, children aged between 24 and
59 months remained protected against WaSt (AOR 0⋅40,
95 % CI 0⋅21, 0⋅75). The odds of WaSt were higher among
boys (AOR 2⋅31, 95 % CI 1⋅13, 4⋅71) than among girls and
among those who had never been breastfed (AOR 3⋅57,
95 % CI 1⋅23, 10⋅39) compared to those who had been.
Children who had had diarrhoea in the previous two weeks
to the study had higher occurrence of WaSt than those with
no diarrhoea (AOR 2⋅12, 95 % CI 1⋅12, 4⋅02). Compared to
children whose family source of income was daily wages, chil-
dren whose family source of income was assistance from
others (AOR 2⋅74, 95 % CI 1⋅08, 6⋅93) or salary work
(AOR 2⋅22, 95 % CI 1⋅10, 4⋅47) had higher occurrence of
WaSt. The positive association between the mother’s work

Table 2. Maternal and household characteristics (N 450)

Variable name Frequency Percentage

Age of mother (years)

<20 73 16⋅2
20–29 199 44⋅2
30–39 145 32⋅2
≥40 33 7⋅3

Education of mother

None 234 52⋅0
Primary 175 38⋅9
Secondary 41 9⋅1

Mother’s work

Yes 39 8⋅7
No 411 91⋅3

Family size

≤5 198 44⋅0
>5 252 56⋅0

Number of rooms

1 149 33⋅1
2 172 38⋅2
3 89 19⋅8
4 or more 40 8⋅9

Household source of income

Daily wages 269 59⋅8
Salary 131 29⋅1
Assistance from others 50 11⋅1

Source of drinking water

Tanks 363 80⋅7
Others 87 19⋅3

Bathroom in home

Yes 340 75⋅6
No 110 24⋅4

Table 1. Child characteristic, feeding practices and nutritional status

(N 450)

Variable name Frequency Percentage

Age of child (months)

6–23 160 35⋅6
24–59 290 64⋅4

Sex of child

Boy 261 58⋅0
Girl 189 42⋅0

Child’s birth order

First 98 21⋅8
Second 82 18⋅2
Third or higher 270 60⋅0

Ever been breastfed

Yes 427 94⋅9
No 23 5⋅1

Exclusively breastfed

Yes 33 7⋅3
No 417 92⋅7

Continued breast-feeding (children 6–23 months)

Yes 97 60⋅6
No 63 39⋅4

Bottle-feeding (children 6–23 months)

Yes 70 43⋅8
No 90 56⋅2

Past 24-hour child food diversity

Yes 194 43⋅1
No 256 56⋅9

Past 14-day diarrhoea

Yes 190 42⋅2
No 260 57⋅8

Place of delivery

Health facilities 117 26⋅0
Home 333 74⋅0

Nutritional status

Moderate wasting (WHZ < –2 SD to –3 SD) 77 17⋅1
Severe wasting (WHZ < –3 SD) 43 9⋅6
Overall wasting (WHZ < –2 SD) 120 26⋅7
Moderate stunting (HAZ < –2 SD to –3 SD) 105 23⋅3
Severe stunting (HAZ < –3 SD) 128 28⋅4
Overall stunting (HAZ < –2 SD) 233 51⋅8
Moderate underweight (WAZ < –2 SD to –3 SD) 134 29⋅8
Severe underweight (WAZ < –3 SD) 90 20⋅0
Overall underweight (WAZ < –2 SD) 224 49⋅8
WaSt (WHZ < –2 SD and HAZ < –2 SD) 48 10⋅7

SD, standard deviation; WHZ, weight-for-height Z-score; HAZ, height-for-age Z-score;
WAZ, weight-for-age Z-score; WaSt, concurrent wasting and stunting.
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and child WaSt in the bivariate analysis became borderline
after adjusting for the potential confounders, and the 95 %
CI included 1 (AOR 2⋅45, 95 % CI 0⋅97, 6⋅20). Maternal edu-
cation was not associated with WaSt in children (Table 5).

Discussion

The present study revealed that WaSt is prevalent among mar-
ginalised children in Sana’a city, Yemen. We found that the
strongest predicators for WaSt among these children were
being male, being from a household dependent on salary or
income assistance from others and having acute diarrhoea.
The WaSt prevalence among studied marginalised Yemeni
children (10⋅7 %) was higher than elsewhere (i.e., as compared
to 1⋅4 % in Ghana(16), 4⋅9 % in Uganda(8), 5⋅8 % in
Ethiopia(14) and 6⋅2 % in Senegal(9)). Several possible explana-
tions exist for the high rate found in this study compared to
others. First, our study population was more vulnerable than
those in Ghana, Uganda, Ethiopia and Senegal. Second, this
study was conducted during wartime and the worst humanitar-
ian crisis in the world. As a result of the conflict, salaries had
been cut off for government employees, including these mar-
ginalised people since 2016, with employees only receiving half
a salary every 4–6 months. This was accompanied by a sharp
increase in food and medicine prices. Finally, the lack of access

to safe drinking water and sanitation, as well as the high illiter-
acy rate of parents in this community, may have increased the
prevalence of WaSt.
Consistent with studies conducted in Ethiopia(14) and

Senegal(9), this study found that children aged 6–23 months
were at a higher risk of WaSt than older children aged between
24 and 59 months. In Uganda, children aged 36–59 months
were protected from WaSt compared to those aged 6–11
months(8). A recent meta-analysis reported a decline in the
proportion of WaSt after 24 months(13). Thus, 0–24 months
is a critical period during which improper infant feeding
practices(30–33), as well as children’s contact with the environ-
ment(34), increase their chances of catching infections, leading
to malnutrition. Reports indicate the deterioration of child
nutritional status, on average, from 0 to 24 months(35,36).
In line with similar studies from Uganda(8), Senegal(9) and

Ethiopia(14), our findings revealed that boys were at higher
risk of WaSt than girls. Similarly, a study by Niger reported
that boys aged <24 months were more likely to have
WaSt(17). The mechanism of the effects of sex on malnutrition
remains unknown.
Regarding child feeding practices, no history of breast-

feeding was a strong predictor of WaSt. Breast milk contains
many vitamins, minerals and nutrients(37–39) necessary for
child growth. It also reduces the risk of infection in children

Table 4. Distribution of maternal and household characteristics by WaSt

(N 450)

Variable name

WaSt

PYes n (%) No (%)

Age of mother (years) 0⋅483†

<20 11 (15⋅1) 62 (84⋅9)
20–29 22 (11⋅1) 177 (88⋅9)
30–39 12 (8⋅3) 133 (91⋅7)
≥40 3 (9⋅1) 30 (90⋅9)

Education of mother 0⋅947†

None 24 (10⋅3) 210 (89⋅7)
Primary 20 (11⋅4) 155 (88⋅6)
Secondary 4 (9⋅8) 37 (90⋅2)

Mother’s work 0⋅037
Yes 8 (20⋅5) 31 (79⋅5)
No 40 (9⋅7) 371 (90⋅3)

Family size 0⋅133
≤5 26 (13⋅1) 172 (86⋅9)
>5 22 (8⋅7) 230 (91⋅3)

Number of rooms 0⋅306†

1 18 (12⋅1) 131 (87⋅9)
2 15 (8⋅7) 157 (91⋅3)
3 13 (14⋅6) 76 (85⋅4)
4 or more 2 (5⋅0) 38 (95⋅0)

Household source of income 0⋅025
Daily wages 20 (7⋅4) 249 (92⋅6)
Salary 20 (15⋅3) 111 (84⋅7)
Assistance from others 8 (16⋅0) 42 (84⋅0)

Source of drinking water 0⋅378
Tanks 41 (11⋅3) 322 (88⋅7)
Others 7 (8⋅0) 80 (92⋅0)

Bathroom in home 0⋅794
No 11 (10⋅0) 99 (90⋅0)
Yes 37 (10⋅9) 303 (89⋅1)

WaSt, concurrent wasting and stunting; n, number; %, percent; P, P-value; † Fisher’s

exact test was used.

Table 3. Distribution of child’s characteristics by WaSt (N 450)

Variable name

WaSt

PYes n (%) No n (%)

Age of child (months) 0⋅004
6–23 26 (16⋅2) 134 (83⋅8)
24–59 22 (7⋅6) 268 (92⋅4)

Sex of child 0⋅012
Boy 36 (13⋅8) 225 (86⋅2)
Girl 12 (6⋅4) 177 (93⋅6)

Child’s birth order 0⋅883
First 10 (10⋅2) 88 (89⋅8)
Second 10 (12⋅2) 72 (87⋅8)
Third or higher 28 (10⋅4) 242 (89⋅6)

Ever been breastfed 0⋅014
Yes 42 (9⋅8) 385 (90⋅2)
No 6 (26⋅1) 17 (73⋅9)

Exclusively breastfed 0⋅769†

Yes 4 (12⋅1) 29 (87⋅9)
No 44 (10⋅6) 373 (89⋅4)

Continued breast-feeding (children 6–23

months)

0⋅738

Yes 15 (15⋅5) 82(84⋅5)
No 11 (17⋅5) 52 (82⋅5)

Bottle-feeding (children 6–23 months) 0⋅305
Yes 9 (12⋅9) 61(87⋅1)
No 17 (18⋅9) 73 (81⋅1)

Past 24-hour child food diversity 0⋅102
Yes 26 (13⋅4) 168 (86⋅6)
No 22 (8⋅6) 234 (91⋅4)

Past 14-day diarrhoea 0⋅076
Yes 26 (13⋅7) 164 (86⋅3)
No 22 (8⋅5) 238 (91⋅5)

Place of delivery 0⋅606
Health facilities 11 (9⋅4) 106 (90⋅6)
Home 37 (11⋅1) 296 (88⋅9)

WaSt, concurrent wasting and stunting; n, number; %, percent; P, P-value; †, Fisher’s

exact test was used.
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and supports their immune systems(37–39). Surprisingly, exclu-
sive breast-feeding during the first 6 months was not asso-
ciated with WaSt, possibly due to the low proportion of
exclusive breast-feeding practices in the marginalised commu-
nity. Also unexpectedly, the study did not find any association
between children’s food diversity and WaSt. Thus, the findings
of our study are inconsistent with a systematic review that
found that not eating a varied diet increases the risk of all
nutritional deficits, including wasting, stunting and under-
weight status(40). The dietary diversity score was developed
as a population-level proxy indicator for micronutrient malnu-
trition. Our findings reflect that a child’s food intake in the
24 h prior to interview may not be sufficient to define a rela-
tionship between dietary diversity and WaSt.
Here, acute diarrhoea was linked to WaSt, which is consist-

ent with previous findings(8,15). A previous report from
Bangladesh indicated that dehydrating diarrhoea was asso-
ciated with severe wasting in severely stunted children(41).
Diarrhoea is both a cause and an effect of malnutrition. A
recent systematic review reported that wasting is among the
leading risk factors for diarrhoea, and that prevention of
child wasting could prevent death from diarrhoea(42).
Children with diarrhoea become thinner due to loss of body
weight, malabsorption and loss of protein and other nutri-
ents(43). In addition, diarrhoea has been reported to cause
stunted growth in children aged under 24 months(44).
Mothers’ education was not a risk factor for WaSt among

children, unlike in the Ugandan’s study, which found that
low maternal education was associated with WaSt(8).
However, this finding is in line with that of an Ethiopian

study(14). The restricted prospects for paid labour and house-
holds that experience food insecurity may limit educated
women’s capacity to offer nutritious food for their children
and to contribute to the development of WaSt, despite the
fact that they may be more knowledgeable about child feeding
practices and dietary diversity. Moreover, illiteracy is common
among marginalised women, and some may only complete the
most basic education (e.g., primary school). Therefore, the
higher prevalence of illiteracy among these marginalised people
may explain this lack of relationship. Maternal work was asso-
ciated with child WaSt in the bivariate analysis; however, in the
multivariable analysis, this relationship became insignificant,
possibly due to the influence of income source on WaSt.
The present study’s findings revealed that children from

families whose source of income was salary work or assist-
ance from others were at higher risk of WaSt than their
daily-wage counterparts. A possible explanation is that,
while working for daily wages may be unstable, the financial
return, which is approximately $10 per day, is much higher
than the income of a family that depends on a monthly salary
(with a salary of approximately $40 per month) or assistance
from others. Therefore, those who work for daily wages can
better provide food and health care for their children than
those who depend on other sources. Poverty contributes to
household food insecurity, which causes an increase in mal-
nutrition among children(45). Previous studies have found
that children from middle class, poor and the poorest house-
holds are at higher risk of WaSt than those from rich
families(8,15).
The majority of these marginalised populations lack access

to basic services and living conditions(22). However, our bivari-
ate analysis showed no association between child WaSt and
family size, number of rooms owned by families, presence
of a bathroom or source of drinking water.
The present study’s main limitation was that not all margin-

alised families in Sana’a city live in the camps where the study
was conducted. Thus, our findings may not be generalisable to
the city’s entire marginalised population. Reaching all such
families in the city would have required a large-scale, citywide
survey, beyond the scope of this study. An additional limitation
of the study was that it was carried out only among margina-
lised people where the number of mothers with paid work and
those with any levels of education was small, and many of the
households in our study had poor living conditions, which
may have limited our ability to detect significant associations
between these variables and WaSt. Further comparative stud-
ies with other community groups are necessary to determine
the risk factors for WaSt. This study was also subject to recall
bias.

Conclusion

The prevalence of WaSt among marginalised children in
Sana’a, Yemen, was high. The strongest predicators of WaSt
in marginalised children were being aged 6–23 months,
being male, having never been breastfed, having acute diar-
rhoea and household source of income being salary work or
assistance from others. Urgent livelihood and hygiene

Table 5. Multivariable analysis for the risk factors of WaSt among

marginalised children in Sana’a, Yemen

Variable name

Crude odds ratio (95 %

CI)

Adjusted odds ratio

(95 % CI)

Age of child (months)

6–23 Ref.

24–59 0⋅42 (0⋅23–0⋅77)a 0⋅40 (0⋅21–0⋅75)a
Sex of child

Girl Ref.

Boy 2⋅36 (1⋅19–4⋅67)a 2⋅31 (1⋅13–4⋅71)a
Ever been

breastfed

Yes Ref.

No 3⋅24 (1⋅21–8⋅65)a 3⋅57 (1⋅23–10⋅39)a
Past 14-day diarrhoea

No Ref.

Yes 1⋅72 (0⋅94–3⋅13) 2⋅12 (1⋅12–4⋅02)a
Mother’s work

No Ref.

Yes 2⋅39 (1⋅03–5⋅56)a 2⋅45 (0⋅97–6⋅20)
Education of mother

None Ref.

Primary 1⋅13 (0⋅60–2⋅12) 1⋅08 (0⋅55–2⋅13)
Secondary 0⋅95 (0⋅31–2⋅88) 1⋅03 (0⋅31–3⋅38)

Household source of income

Daily wages Ref.

Salary 2⋅24 (1⋅16–4⋅34)a 2⋅22 (1⋅10–4⋅47)a
Assistance from

others

2⋅37 (0⋅98–5⋅73) 2⋅74 (1⋅08–6⋅93)a

CI, confidence interval; Ref., reference value; a, statistically significant association at

P < 0⋅05.
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interventions are recommended to mitigate the WaSt of vul-
nerable children in Yemen.
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