
TYPE Original Research

PUBLISHED 14 March 2023

DOI 10.3389/fpubh.2023.1107300

OPEN ACCESS

EDITED BY

Enbo Ma,

Fukushima Medical University, Japan

REVIEWED BY

Farzana Ferdous,

Royal College of Surgeons in Ireland, Ireland

Nandini Malshe,

Bharati Vidyapeeth Deemed University, India

*CORRESPONDENCE

Chester Kalinda

ckalinda@gmail.com;

ckalinda@ughe.org

†These authors share senior authorship

SPECIALTY SECTION

This article was submitted to

Children and Health,

a section of the journal

Frontiers in Public Health

RECEIVED 24 November 2022

ACCEPTED 24 February 2023

PUBLISHED 14 March 2023

CITATION

Kalinda C, Phri M, Qambayot MA, Ishimwe MCS,

Gebremariam A, Bekele A and Wong R (2023)

Socio-demographic and environmental

determinants of under-5 stunting in Rwanda:

Evidence from a multisectoral study.

Front. Public Health 11:1107300.

doi: 10.3389/fpubh.2023.1107300

COPYRIGHT

© 2023 Kalinda, Phri, Qambayot, Ishimwe,

Gebremariam, Bekele and Wong. This is an

open-access article distributed under the terms

of the Creative Commons Attribution License

(CC BY). The use, distribution or reproduction

in other forums is permitted, provided the

original author(s) and the copyright owner(s)

are credited and that the original publication in

this journal is cited, in accordance with

accepted academic practice. No use,

distribution or reproduction is permitted which

does not comply with these terms.

Socio-demographic and
environmental determinants of
under-5 stunting in Rwanda:
Evidence from a multisectoral
study

Chester Kalinda1*, Million Phri2, Maria Albin Qambayot3,

Marie Consolatrice Sage Ishimwe4, Alemayehu Gebremariam5,

Abebe Bekele6† and Rex Wong1†

1Bill and Joyce Cummings Institute of Global Health, University of Global Health Equity, Kigali, Rwanda,
2School of Humanities and Social Sciences, University of Zambia, Great East Road Campus, Lusaka,

Zambia, 3Centre for One Health, University of Global Health Equity, Kigali, Rwanda, 4Institute of Global

Health Equity Research, University of Global Health Equity, Kigali, Rwanda, 5Catholic Relief Services,

Rwanda Country Program, Kigali, Rwanda, 6School of Medicine, University of Global Health Equity, Kigali,

Rwanda

Child stunting is an important household, socio-economic, environmental and

nutritional stress indicator. Nationally, 33% of children under 5 in Rwanda are

stunted necessitating the need to identify factors perpetuating stunting for

targeted interventions. Our study assessed the individual and community-level

determinants of under-5 stunting essential for designing appropriate policy and

program responses for addressing stunting in Rwanda. A cross-sectional study

was conducted between September 6 and October 9, 2022, in five districts of

Rwanda including, Kicukiro, Ngoma, Burera, Nyabihu and Nyanza. 2788 children

and their caregivers were enrolled in the study and data on the individual level

(child, caregiver/household characteristics), and community-level variables were

collected. A multilevel logistic regression model was used to determine the

influence of individual and community-level factors on stunting. The prevalence of

stunting was 31.4% (95% CI: 29.5–33.1). Of this, 12.2% were severely stunted while

19.2% were moderately stunted. In addition, male gender, age above 11 months,

child disability, more than six people in the household, having two children below

the age of five, a child having diarrhea 1–2 weeks before the study, eating from

own plate when feeding, toilet sharing, and open defecation increased the odds of

childhood stunting. The full model accounted for 20% of the total variation in the

odds of stunting. Socio-demographic and environmental factors are significant

determinants of childhood stunting in Rwanda. Interventions to address under-five

stunting should be tailored toward addressing individual factors at household

levels to improve the nutritional status and early development of children.
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Introduction

Under-five malnutrition is an important sociodemographic,

environmental, and healthcare utilization indicator which plays

a critical role in influencing the development of healthcare

programs and policies (1). A recent joint UNICEF/WHO/World

Bank report showed that the global burden of under-five

malnutrition remains high with about 149.2 million (22%) being

stunted, 45.4 million (6.7%) wasted while 38.9 million (5.7%)

are overweight (2). Significant efforts to re-delineate the global

nutrition model and make nutrition pivotal in the development

agenda have been made. However, regional and country-level

disparities remain; with Asia and Africa carrying the heaviest

burden, exacerbating the risks of failure to attain the universal

right to healthy food as advocated for by the United Nations

(3), World Health Assembly target of reducing stunting by 40%

by 2025 and achieving the Sustainable Development Goals by

2030 (2, 4). Thus, addressing child malnutrition necessitates

designing multidisciplinary and multisectoral approaches to steer

the development of national policies aimed at refocusing countries

on the elimination path.

In sub-Saharan Africa, the prevalence of stunting at the

sub-region and country levels has remained persistently high

with a threshold >30% for most of the countries (2, 5, 6). In

Rwanda, emerging evidence suggests that one in every three

children is stunted (7), with sub-regional disparities in its

distribution also reported (8). Reducing the prevalence of under

five stunting remains a priority in Rwanda. To achieve this, several

programs and policies have been developed and implemented

through a public-private partnership. Notable programs include

the USAID/Gikuriro Kuri Bose (Inclusive Nutrition and Early

Childhood Development) and Isoko y’Ubuzima (The Thrive

WASH) and the health systems strengthening policies including

the community-based health insurance plan (Mutuelles de

Santé), incorporation of community health workers into the

healthcare system and performance-based financing of health

care facilities (9, 10). However, stunting persists, increasing the

need to understand the factors perpetuating stunting to recast

policy decision-making and design more specific actions to

address it.

Given the limited availability of resources needed to address

various health challenges in Rwanda, evidence of key drivers of

stunting among under-five children remain critical in designing

effective and sustainable programs for addressing stunting. Earlier

studies determining the prevalence of stunting in Rwanda have

used DHS data. Due to the high geographical level analysis

used in these studies, there may have been potential masking

of local level variations that may be vital in understanding the

effect of both geographical locations, and socio-demographic

and environmental factors influencing stunting. Using five

model districts where the Gikuriro Kuri Bose project is being

implemented, the current study examined individual (child’s

factors, maternal/household factors), and environmental factors

associated with child stunting in Rwanda to provide nuance

evidence for policymaking and program design to address child

stunting in Rwanda.

Methods

Study design and setting

This was a cross-sectional study conducted between September

6 and October 9 2022, in five districts of Rwanda including,

Kicukiro, Ngoma, Burera, Nyabihu, and Nyanza. Gikuriro Kuri

Bose is a multisectoral and transdisciplinary project being

implemented in five districts of Rwanda, each being drawn from

one province. Rwanda has four geopolitical provinces and the

City of Kigali. The provinces and the City of Kigali are further

subdivided into 30 districts and districts subdivided into sectors

(416 sectors in total) and sectors subdivided into cells (2,148

cells) and cells subdivided into villages (14,837 villages). Villages

comprise about 100 households while cells constitute between

five-seven villages. The study districts included Nyabihu from the

western province, Burera from the northern province, Kicukiro

from the city of Kigali, Nyanza in the south and Ngoma in the

eastern province (Figure 1).

Data collection, sampling technique, and
ethics

This study was based on 2,788 children and their mothers/legal

guardians. To determine the sample size, the current prevalence of

stunting (33%) (7) was considered as an indicator of the nutritional

status. Using a 95% confidence interval and the equation proposed

by Lwanga et al. (11) as n= Z2
1− a

2
(1-p)/ ε2p, where p= prevalence,

ε = relative precision, and n= sample size with a relative precision

for the study to be between 5 and 10% of the true prevalence (0.05

< ε < 0.10), a sample size of 713–2,854 pairs of mothers/guardians

and children as adequate. From each household, children under five

and their legal guardians were selected for inclusion in the study. In

this study, the sampling unit was a cell. To obtain a representative

sample, the study used a two-stage probabilistic sampling method.

The first stage involved the random selection of cells from the sector

and the second stage involved a systematic sampling of households

from the selected cells.

Approval to conduct the study was granted by the University

of Global Health Equity Institutional Review Board (UGHE-

IRB: Ref: UGHE-IRB/2022/034). Furthermore, legal guardians

of children were asked for consent, and this was provided

in writing.

Study variable

Dependent and independent variables
The dependent variable in this study was stunting, and

this was a categorical binary variable (yes = 1 or no = 0).

Stunting was defined as height for age z-score <-2 standard

deviations using the WHO growth standards (12). Furthermore,

using WHO classifications, children with height for age z-score

of ≤-2 standard deviations and ≥-3 standard deviation were

classified as moderately stunted while those with height for age

Frontiers in PublicHealth 02 frontiersin.org

https://doi.org/10.3389/fpubh.2023.1107300
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Kalinda et al. 10.3389/fpubh.2023.1107300

FIGURE 1

Map of Rwanda showing the administrative districts and project implementation areas.

z-score <-3 standard deviations were classified as severely stunted

(13). There were three levels of the independent variables. These

were categorized as individual (child and maternal/household)

characteristics, community and environmental factors which

included topography of the area, water, hygiene, and sanitation

variables. To collect this information, a structured pre-tested

questionnaire was administered to mothers/legal guardians of the

children who had been included in the study. The questionnaire

collected information on the child’s age, sex, maternal/guardian’s

age, level of education, socio-economic class also called Ubudehe,

breastfeeding and complementary feeding practices, hygiene and

handwashing practices, household water availability and access,

availability, and types of sanitary facilities, and socio-economic

characteristics of the household. Additionally, information about

the guardian and child’s illnesses and disabilities (yes = 1 or no =

0) was collected. The classification of Ubudehe in Rwanda has been

explained further in Supplementary material 1.

The weight of the children was measured using the SECA

electronic scales to a precision of 0.1 kg while the height was taken

to the nearest 0.1 cm using a UNICEF height/length board. To

measure the height, children between the age of 24–59 months

were made stand-upright without shoes and their height was taken

using a stadiometer in a Frankfurt vertical position and to the

nearest 0.1 cm. For children aged 0–23 months, their height/length

was taken using a vertical measuring board while in a horizontal

position. Before the measurements, it was ensured that the head,

shoulders, and buttocks touched the board. To ascertain the validity

of the anthropometrymeasurements, duplicatemeasurements were

done for 10–15% of the sample and the variations for the duplicate

measurements were below 5%. The age of the children was obtained

from the Ifishi Y’Ubuzima Bw’umwana (vaccination card). The

study included children aged between 0 and 59 months who were

attending routine hospital outpatient visitations. Furthermore, the

study included those without medical complications and those
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whose legal guardians consented to participate and signed the

consent forms. All children in this age category but not fulfilling

the inclusion criteria were excluded from the study.

To enhance the precision of the measurements, the SECA

weighing scales were calibrated daily before the commencement of

data collection. All data collectors were trained in the taking of child

anthropometric measurements and administration of the face-to-

face questionnaire interviews before data collection. Community

health workers who were part of the data collection teams assisted

with the taking of anthropometric measurements on all children.

For children who could not be weighed on the SECA scale, the

weight of the mother/legal guardian was initially taken. Thereafter,

the weight of the mother/legal guardian while holding the child was

taken. The difference between the two weights was taken as the

weight of the child.

Data analysis

Descriptive analysis was used to summarize continuous and

categorical variables, showing their distribution with the outcome

variable. The Z-score value for height-for-age was calculated using

the ANTHRO PLUS software (14). In the bivariate andmultivariate

analysis, the response variable, stunting, was turned into a binary

variable thus allowing us to logistic models. To determine the

relationship between the various individual, community and

environmental factors, a bivariate analysis was used. A multivariate

multilevel logistic regression was used to examine the individual,

community and environmental factors associated with under-five

stunting. The multilevel models were deemed suitable for the

analysis because of the hierarchical structure of the data and its

ability to allow for the determination of the residual components

associated with each level of the hierarchy. Furthermore, the

multilevel models also allow for the estimation of group-level

variables while estimating the group effects.

Three models were fit in the overall analysis. The first model

was a null model, and this included the response variable only

without any predictor variable and this was done to estimate its

variance. In the second model which was a fixed effects model,

we controlled for individual-level variables, and this included

the children’s demographic characteristics, history of diarrhea,

breastfeeding and complementary feeding practices and child

morbidity. In this model, district and sector were added as random

intercept terms. Maternal (legal guardian) variables included

education level and feeding structure, age and morbidity and water,

hygiene, and environmental variables such as sanitation practices

were also included. District and place of residence were added

as random effects. The final model included both individual and

contextual level factors which were the place of residence and

district. The results demonstrating measures of association have

been presented as adjusted odds ratios (aOR) together with their

corresponding 95% confidence intervals (CIs) and p-values. The

intraclass correlation coefficient (ICC), median odds ratio (MOR)

and proportional change in variance (PCV) were used as a measure

of the random effect. The ICC, which shows the proportion of

total variance in the outcome attributable to districts, sectors and

cells was calculated as shown by Merlo et al. (15). MOR is the

measure of heterogeneity, and the PVC is the measure of the total

variation of stunting in the final model (models with individual

and environmental variables) comparative to the null model and

was determined as described elsewhere (16, 17). Data analysis was

carried out using StataSE STATA version 17 (StataCorp, College

Station, TX, USA).

Results

Individual (child/maternal/household) level
characteristics of study participants

Table 1 shows the child andmaternal/household characteristics.

The mean age (±SD) of the children was 26.4 (±16.2) months. The

majority (n = 1,541, 55.3%) were aged between 24 and 59 months

while only 7.6% (n = 211) were aged 0–5 months. In terms of

gender, 50.4% (n = 1,404) of children were female while 49.6%

(n = 1,384) were males. About 23.6% (n = 659) of the children

had suffered from diarrhea 1–2 weeks before the study and of

these, diarrhea lasted for 1–7 days among 93.6% (n = 617). Child

characteristics; Child gender (p = 0.003), children with disability

(p = 0.018), child age (p < 0.001) and morbidity factors; suffering

from diarrhea (p < 0.001) were observed to be associated with

stunting (Table 1).

The median age (±IQR) of the guardians/mothers was 30

(±11) years. Most of the guardians (n= 1,607, 57.6%) had primary

education. In terms of marital status, 44.7% (n = 1,246) were

cohabiting while 38% (n = 1,060) were married. The median

number of people in the households was 5 (±2) and most

households (n = 2,258, 81%) had one child below the age of

five. Furthermore, 1.7% (n = 48) of the guardians were living

the disabilities and in terms of the Ubudehe category, 57.7% (n

= 1,607) were in category 2. In addition, 47.9% (n = 1,336)

exclusively breastfed their children and of these, 78.9% (n = 1,054)

breastfed on the child’s demand while 5.1% (n = 68) breastfed

according to a schedule. Maternal and household characteristics

such as the number of people living in a household (p = 0.001),

number of under-five children in a household (p= 0.004), maternal

level of education (p < 0.001), exclusive breastfeeding (p <

0.001), complementary feeding (p < 0.001), and frequency of

complementary feeding (p < 0.001) were observed to be associated

with stunting (Table 1).

About 52.4% (n = 1,461) had tap-pipped water as their main

drinking water source while 2.2% (n = 65) relied on water tankers.

Furthermore, most households (n = 1,690) did not treat their

water. In terms of monthly water availability, 68.2% (n = 1,899)

did not have adequate water while 31.8% (n = 889) had adequate

water. In terms of sanitation, 57.8% (n = 1,610) used pit latrines

with concrete floors while 2.9% (n = 80) used open defecation. In

addition, 25.2% (n = 701) were sharing sanitation facilities with

non-family members. For maternal handwashing practices, 50.1%

(n= 1,397) reported to have been washing their hands before eating

and 39.6% (n = 1,103) before eating and feeding the child. Source

of main drinking water (p < 0.001), time taken to fetch water (p <

0.001), water treatment (p = 0.027) and type of facility used (p =

0.005) were associated with stunting (Table 2).
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TABLE 1 Prevalence of childhood stunting at various individual

(child/maternal and household) level characteristics.

Variable Normal
(n, %)

Stunted
(n, %)

p-value

Gender of child

Male 914 (66%) 470 (34%) 0.003

Female 1,001 (71.3%) 403 (28.7%)

Child disability

No 1,898 (68.9%) 856 (31.1%) 0.018

Yes 17 (50%) 17 (50%)

Child age category

0–11 months 467 (83%) 26 (17%) 0.001

12–23 months 443 (64.7%) 242 (35.3%)

24–47 months 756 (65.5%) 398 (34.5%)

48–59 months 249 (64%) 138 (36%)

Number of people in a family

1–5 1,380 (71%) 574 (29%) 0.001

> 6 535 (64.2%) 299 (35.8%

Gender of guardian

Male 127 (63%) 75 (37%) 0.064

Female 1,788 (69%) 798 31%)

Age category of guardian

15–24 years 386 (71%) 157 (29%) 0.217

25–49 years 1,464 (68%) 678 (32%)

50–78 years 65 (63%) 38 (37%)

Employment status of guardian

Farmers 1,151 (68%) 542 (32%) 0.38

Self employed 124 (73%) 46 (27%)

Domestic worker 7 (63.6%) 4 (36.4%)

Unemployed 402 (71%) 164 (29%)

Others 231 (66%) 117 (34%)

Socio-economic class (Ubudehe category)

Category 1 183 (66%) 93 (34%) 0.157

Category 2 1,092 (68%) 515 (32%)

Category 3 584 (70%) 250 (30%)

No category/don’t

know

53 (79%) 14 (21%)

Guardian marital status

Never married 190 (69.6%) 83 (30.4%) 0.054

Married 758 (71.5%) 302 (28.5%)

Formerly married 136 (65%) 73 (35%)

Co-habiting 831 (66.7%) 415 (33.3%)

Guardian education level

None 376 (66%) 193 (34%) 0.001

Primary 1,073 (66.8%) 534 (33.2%)

(Continued)

TABLE 1 (Continued)

Variable Normal
(n, %)

Stunted
(n, %)

p-value

Secondary 437 (75.6%) 141 (24.4%)

Tertiary 29 (85.3%) 5 (14.7%)

Guardian living with disability

No 1,887 (69%) 853 (31%) 0.119

Yes 28 (58%) 20 (42%)

Exclusive breastfeeding

No 948 (65%) 504 (35%) 0.001

Yes 967 (72%) 369 (28%)

Child with diarrhea in the past 2 weeks

No 1,500 (70.5%) 629 (29.5%) 0.001

Yes 415 (63%) 244 (37%)

Guardian access breastfeeding information

No 620 (66.5%) 312 (33.5%) 0.081

Yes 1,295 (69.8%) 561 (30.2%)

Child given vitamin A

No 538 (74.9%) 180 (25.1%) 0.001

Yes 1,377 (66.5%) 693 (33.5%)

Child given multinutient powder

No 1,574 (70%) 685 (30%) 0.02

Yes 341 (64.5%) 188 (35.5%)

Who feeds the child (complementary feeding)

Mother 1,657 (69.3%) 733 (30.7%) 0.154

Siblings 131 (63%) 77 (37%)

Caretaker 105 (67%) 51 (33%)

Schedule of child complementary feeding

Childs demand 681 (73%) 258 (27%) 0.001

According to

schedule

489 (71%) 199 (29%)

Caretaker

availability

55(73%) 20 (27%)

Availability of food 690 (64%) 396 (36%)

Child feeding from own or communal plates

Communal plate 607 (70%) 261 (30%) 0.341

Own plate 1,308 (68%) 612 (32%)

Maternal morbidity

No 1421 (70%) 620 (30%) 0.078

Yes 494 (66%) 253 (34%)

Figure 2A shows the prevalence of stunting in the five study

sites. The prevalence of stunting was 31.4% (95% CI: 29.5–33.1).

Of this, 12.2% were severely stunted while 19.2% were moderately

stunted. Stunting was high in Nyabihu (37.8%) followed by Burera

(34.1%) and was least in Kicukiro (23.8%) (Figure 2B).
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TABLE 2 Prevalence of childhood stunting at various environmental and

WASH characteristics.

Variable Normal
(n, %)

Stunted
(n, %)

p-value

Parents hand washing practices

Before eating 958 (69%) 439 (31%) 0.964∗∗

Before eating and

feeding the baby

763 (69%) 340 (31%)

Before eating, feeding

the baby and toilet use

12 (67%) 6 (33%)

Before eating and after

toilet use

21 (70%) 9 (30%)

Before feeding the

baby

75 (65%) 41 (35%)

Before feeding the

baby and after toilet

use

3 (60%) 2 (40%)

After toilet use 83 (70%) 36 (30%)

Toilet sharing

No 1,443 (69%) 644 (31%) 0.347

Yes 472 (67%) 229 (33%)

Toilet facility available

Pour flash 45 (80%) 11 (20%) 0.005

Pit latrine with slab 1,121 (70%) 489 (30%)

Pit latrine no slab 706 (68%) 336 (32%)

Open defecation 43 (54%) 37 (46%)

Water availability

No 1,322 (69%) 583 (31%) 0.191

Yes 595 (67%) 294 (33%)

Time spent fetching

0–30min 1,499 (70%) 639 (30%) 0.010

31–60min 338 (64%) 193 (36%)

61–180min 74 (65%) 40 (35%)

Source of drinking water

Tap water 1,051 (72%) 410(28%) 0.001

Borehole 583 (63%) 344 (37%)

Water tanker 43(66%) 22(34%)

River/lake/rainwater 238(71%) 97(29%)

Topography/terrain of the area

Highland 305 (64%) 171 (36%) 0.059

Flat terrain 1,162 (70%) 505 (30%)

Low land 448 (69%) 197 (31%)

∗∗Fishers exact tested used.

Multilevel modeling

The results from the multilevel models show that individual

and environmental level factors influenced stunting (Table 3). In

the final multilevel model controlling for factors, individual-level

factors, female children were about 76% (aOR: 0.76, 95% CI:

0.64–0.90) less likely to be stunted compared to male children.

Furthermore, the odds of stunting increased with age; children

aged 24–47 months were 3.6 (95% CI: 2.00–6.49) more likely to

be stunted compared to those <6 months of age. Also, children

who came from households where they were at least two children

below the age of five (aOR: 1.29; 95% CI: 1.02–1.62) and those

coming from families with more than six people (aOR: 1.35; 95%

CI: 1.10–1.66) were more likely to be stunted than those from

households with 1–5 people. In addition, children who reported

having had diarrhea 2 weeks before the study (aOR: 1.32; 95%

CI: 1.07–1.62) and those who fed themselves from their plates

(aOR: 1.45; 95% CI: 1.19–1.78) were also more likely to be stunted

(Table 3). Among the environmental factors, the use of tap water

reduced the odds of stunting by 75% (95% CI: 0.59–0.94) while

children from households that had no sanitation facilities (aOR:

3.35; 95% CI: 1.38–8.10) were more likely to be stunted than those

who had flush pour toilets (Table 3). Among the contextual factors,

children from Nyabihu (aOR: 1.95; 95% CI: 1.33–2.86) and Burera

(aOR: 1.77; 95% CI: 1.16–2.71) were more likely to be stunted than

those from Kicukiro.

On the measures of variation in the random effect, the results

of the Akaike Information Criterion (AIC), Intraclass Correlation

Coefficient (ICC), Median Odds Ratio (MOR), and proportional

change in variance (PCV) suggest that the final model best fit the

data. In the null model, ICC indicated that 4.4% of the variance in

stunting was attributed to the community or contextual factors and

this was reduced to 3.6% in the final model. In the final model, as

shown by the PVC, 20% of the variance in the odds of stunting was

accounted for by the model (Table 3).

Discussion

This study sought to understand the individual and

environmental determinants of stunting in Rwanda using

data collected from a cross-sectional study of five districts. The

study has shown that both individual and community-level factors

are critical in determining the linear growth of children. The fit

model further showed that 20% of the variation in stunting was

accounted for by individual-level factors, environmental-level

factors, and contextual-level factors such as place of residence.

Stunting increased with age, with children aged 24–59 months

having the highest odds of stunting. This finding corroborates

pooled results from East Africa (18), Rwanda (1, 19), Ethiopia (20),

and Kenya (21) and elsewhere (22) which observed an increase in

the risk of stunting with age before a subsequently reduced after

the age of 48 months. The observed rise in the risk of stunting

with age in our study as well as others may be due to reduced milk

intake and weaning of children together with increased risks of

infection because of increased exposure of children to unhygienic

environments (18, 23).

Several earlier studies (1, 8, 24, 25) including ours have reported

child gender as being an important determinant of stunting. Our

results as well as those by Mzumara et al. (25), Binagwaho et al. (1),

and Adekanmbi et al. (24) have shown that male children are more

likely to be stunted as compared to female children. According

to several authors, growth among male children is affected by

Frontiers in PublicHealth 06 frontiersin.org

https://doi.org/10.3389/fpubh.2023.1107300
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Kalinda et al. 10.3389/fpubh.2023.1107300

FIGURE 2

Distribution (A) and proportion (B) of childhood stunting in the study areas.
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TABLE 3 Factors associated with childhood stunting in a multilevel logistic regression.

Variables Model 0 Model I Model II Model III

aOR (95%CI) aOR (95%CI) aOR (95%CI)

INDIVIDUAL FACTORS

Gender of child

Male 1 1

Female 0.76∗∗ (0.64–0.90) 0.76∗∗ (0.64–0.90)

Age in months

0–11 1 1

12–23 2.65∗∗∗ (1.57–4.46) 2.77∗∗∗ (1.64–4.67)

24–47 3.42∗∗∗ (1.90–6.17) 3.60∗∗∗ (2.00–6.49)

48–59 3.31∗∗∗ (1.79–6.14) 3.51∗∗∗ (1.89–6.50)

Child has disability

No 1 1

Yes 2.07∗ (1.00–4.26) 2.06∗ (1.00–4.25)

Number of people in household

1–5 1 1

>6 1.33∗∗ (1.09–1.64) 1.35∗∗ (1.10–1.66)

Number of children under 5 years

One 1 1

Two 1.30∗ (1.03–1.64) 1.29∗ (1.02–1.62)

Three 1.81 (0.83–3.95) 1.89 (0.86–4.14)

Gender of legal guardian

Male 1 1

Female 0.96 (0.68–1.37) 0.99 (0.70–1.41)

Age of legal guardian

15–24 1 1

25–49 1.12 (0.88–1.44) 1.13 (0.88–1.45)

50–78 1.01 (0.58–1.78) 1.03 (0.58–1.80)

Employment status of guardian

Farmers 1 1

Self employed 0.87 (0.58–1.29) 0.89 (0.59–1.33)

Domestic worker 1.37 (0.37–5.14) 1.41 (0.38–5.27)

Unemployed 0.92 (0.71–1.20) 0.94 (0.71–1.24)

Others 1.12 (0.84–1.49) 1.14 (0.85–1.53)

Socio-economic category

Category 1 1 1

Category 2 1.07 (0.79–1.46) 1.07 (0.79–1.45)

Category 3 0.97 (0.79–1.35) 0.98 (0.71–1.36)

No category given/don’t know 0.70 (0.79–1.40) 0.71 (0.35–1.42)

Guardian marital status

Never married 1 1

Married 0.83 (0.59–1.17) 0.82 (0.58–1.16)

(Continued)
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TABLE 3 (Continued)

Variables Model 0 Model I Model II Model III

aOR (95%CI) aOR (95%CI) aOR (95%CI)

Cohabiting 1.16 (0.79–1.61) 1.13 (0.81–1.57)

Formerly married 1.05 (0.79–1.65) 1.05 (0.67–1.65)

Guardian level of education

None 1 1

Primary 1.17 (0.93–1.48) 1.17 (0.93–1.47)

Secondary 0.83 (0.61–1.12) 0.81 (0.60–1.09)

Tertiary 0.50 (0.18–1.46) 0.54 (0.19–1.52)

Guardian has disability

No 1 1

Yes 1.27 (0.67–2.42) 1.24 (0.65–2.35)

Breastfeeding child

No 1 1

Yes 0.86 (0.63–1.19) 0.87 (0.63–1.20)

Child had diarrhea in past 2 weeks

No 1 1

Yes 1.32∗∗ (1.07–1.62) 1.32∗∗ (1.07–1.62)

Mother has access to breastfeeding information

No 1 1

Yes 0.96 (0.79–1.16) 0.96 (0.79–1.16)

Child given Vitamin A at 6 months

No 1 1

Yes 1.11 (0.87–1.42) 1.10 (0.86–1.41)

Use of multinutient powder

No 1 1

Yes 1.16 (0.92–1.46) 1.13 (0.90–1.42)

Who feeds baby

Siblings 1 1

Mother 0.91 (0.66–1.27) 0.93 (0.67–1.29)

Caretaker 0.98 (0.59–1.61) 1.00 (0.61–1.65)

When is baby given food

Child’s demand 1 1

Schedule 0.95 (0.75–1.22) 0.94 (0.74–1.20)

Caretaker availability 0.72 (0.41–1.28) 0.67 (0.38–1.19)

Availability of food 1.06 (0.85–1.34) 1.04 (0.82–1.30)

Eating plate used by

Common plate 1 1

Own plate 1.45∗∗∗ (1.18–1.78) 1.45∗∗∗ (1.19–1.78)

Maternal illness recorded

No 1 1

(Continued)
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TABLE 3 (Continued)

Variables Model 0 Model I Model II Model III

aOR (95%CI) aOR (95%CI) aOR (95%CI)

Yes 1.09 (0.89–1.33) 1.09 (0.89–1.32)

Parents washing their hands

Before eating 1 1

Before eating and before feeding child 0.99 (0.81–1.21) 0.97 (0.79–1.19)

Before feeding 1.41 (0.90–2.21) 1.43 (0.91–2.25)

Before feeding child and after toilet 1.29 (0.86–1.93) 1.31 (0.87–1.97)

Toilet sharing

No 1 1

Yes 1.11∗∗∗ (0.89–1.37) 1.05∗∗ (1.12–1.43)

Type of toilet used

Pour flash 1 1

Latrines with slab 2.02 (0.96–4.22) 2.06 (0.98–4.32)

Latrines with no slab 1.99 (0.94–4.23) 2.05 (0.96–4.38)

Open defecation 3.40∗∗ (1.41–4.21) 3.35∗∗ (1.38–8.10)

Family had adequate water last month

No 1 1

Yes 1.06 (0.87–1.29) 1.04 (0.85–1.27)

Water treatment method

Nothing 1 1

Boiling 0.66∗∗ (0.48–0.90) 0.66∗ (0.49–0.91)

Add chemicals 0.84 (0.69–1.02) 0.83 (0.68–1.01)

Filter 1.99 (0.61–6.50) 2.20 (0.67–7.23)

Others 0.93 (2.44–3.57) 1.01 (0.26–3.87)

Time spent fetching water

0–30min 1 1

31–60min 1.22 (0.97–1.53) 1.20 (0.95–1.52)

61–180min 1.08 (0.69–1.69) 1.04 (0.66–1.62)

Main source of family drinking water

Borehole 1 1

Water tank 0.91 (0.50–1.66) 0.93 (0.51–1.70)

Tap water 0.73∗∗ (0.58–0.94) 0.75∗ (0.59–0.94)

River/lake/rainwater 0.91 (0.41–2.01) 0.92 (0.41–2.02)

CONTEXTUAL LEVEL FACTORS

Place of residence

Flat terrain 1 1

Highland 0.99 (0.74–1.31) 0.90 (0.66–1.22)

low land 0.91 (0.71–1.15) 1.00 (0.77–1.29)

District

Kicukiro 1 1

Burera 1.65∗∗ (1.13–2.40) 1.77∗∗ (1.16–2.71)

(Continued)
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TABLE 3 (Continued)

Variables Model 0 Model I Model II Model III

aOR (95%CI) aOR (95%CI) aOR (95%CI)

Ngoma 1.15 (0.78–1.68) 1.19 (0.78–1.81)

Nyabihu 2.01∗∗∗ (1.40–2.88) 1.95∗∗∗ (1.33–2.86)

Nyanza 1.43 (0.98–2.07) 1.21 (0.79–1.84)

Random e�ects

Variance (CI) 0.10 (0.04–0.28) 0.09 (0.03–0.28) 0.09 (0.03–0.27) 0.08 (0.03–0.28)

ICC (%) 4.4 3.7 4.0 3.6

PCV (%) Ref 10.0 10.0 20.0

MOR 1.35 1.32 1.34 1.32

Model fitness

Log-likelihood −1,715.1 −1,707.7 −1,714.1 −1,598.8

AIC 3,436.1 3,311.9 3,440.2 3,310.6

N 2,788 2,788 2,788 2,788

∗∗∗p < 0.001; ∗∗p < 0.01; ∗p < 0.05; 1 = reference category; Model 0 contains no explanatory variables; Model I included individual-level factors only; Model II included community-level

factors only; Model III included both individual-level and community-level factors: aOR, adjusted odds ratio; CI, confidence internal; ICC, intraclass correlation coefficient; PVC, proportional

variance change; AIC, akaike information criterion; BIC, Bayesian information criterion.

Measures of variations. The bold values are just reference values for the models.

repeated respiratory infections due to slower lung maturation (26),

cultural norms due to the usefulness of women in agricultural

activities (27) and potentially hormonal and genetic determinants

(20). Elsewhere, the gender-based differences in stunting have been

suggested even after controlling for gestational age and body size,

increased risks of morbidity among male children predispose them

to stunt (28) and a higher proportion of male preterm births

as compared to female preterm births (29) thus increasing the

likelihood of stunting among male children. The current study

further observed that stunting was higher among households where

the family size had more than six people, those with at least

two children under the age of five and children who were fed

from communal or family food portions. This may be due to the

reduced quality of life for children (25); the likelihood of potential

struggle for nutrition (30) due to families’ inability to meet the

dietary requirements and inadequate healthcare-related services for

children and other family members.

Our study shows that children who reported diarrhea 2

weeks before the study, those from households with no toilets

and those that shared toilets had higher odds of stunting.

Furthermore, of the environmental factors studied, the results

suggested that the lack of sanitary facilities increased the risks

of stunting, an observation corroborated by others (31, 32). This

association may be linked to open defecation resulting in fecal

contamination of food and water, especially untreated water which

fuels diarrheal illness and reduces the rate of attainment of

developmental milestones among children. Furthermore, Crocker

and Bartram (31) and Modern et al. (32) suggested that

sharing toilets among different households increased the risk

of diarrhea in children thus increasing their odds of stunting.

Other studies focusing on sanitation and stunting among children

concluded that poor water, hygiene, and sanitation facilities

may lead to diarrhea and intestinal worm infections (33, 34)

affecting the nutritional status of children. The finding from our

study and those of other authors indicate the importance of

sanitation in improving child growth. Furthermore, our results

have shown a high prevalence of some health behaviors such

as handwashing and sanitation-related such as use of toilets.

Thus, there is need to build on these behaviors by focusing on

increasing access to piped and treated water. Also, designing of

sustainable water and sanitation-related activities and including

various community engagement activities would be vital in

strengthening the community’s ability to manage water and

sanitation facilities. Furthermore, enhancing community health

education and exposure to health messages promoting hygiene

practices would be critical in reducing the risks of diarrhea

among children.

This study used themultilevel method of analysis to understand

the effect of socio-demographics, environmental determinants, and

community-level factors on stunting in Rwanda. By using this

approach, it was made possible to understand how community-

level factors such as place of residence influence stunting. The

results from the study show that community-level factors can

interact with individual-level factors to influence stunting among

children. Earlier studies by Adekanmbi et al. (24) and Frohlich et al.

(35) applied similar methods in understanding and differentiating

the contributions of community and individual level factors on

the variation in the outcome variable. The results of the current

study demonstrate that both individual-level and community-

level factors are associated with childhood stunting. Furthermore,

community-level factors account for more variation in stunting

above than individual-level factors. This, suggests that community-

level factors have a significant influence on stunting and this

observation was also made by Pickett and Pearl (36).

Reducing stunting and addressing other undernutrition

indicators necessitates understanding and altering several
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underlying factors. Although several programs and policies have

been implemented, there is a need to address nutritional security in

a broader context. For instance, the provision of food interventions

without addressing individual and environmental factors such as

maternal education and socio-economic and health wellbeing,

household sanitation and clean water, and access to adequate and

quality health services would only lead to short or medium terms

achievements in stunting reduction. An earlier study suggested

that various factors that influence stunting interact in a complex

and diverse way (37). Thus, cross-disciplinary and multisectoral

approaches are vital in addressing it. For instance, programs or

interventions meant to address factors influencing stunting would

need to involve expertise from nutritionists to deal with child and

maternal nutrition and feeding practices, healthcare services to

manage poor health conditions, environmentalists to help prevent

and control environmental contamination that may cause illnesses,

while health promotion would be added to provide continuous

health education to the community members. The results from the

current study suggest that addressing stunting in Rwanda requires

addressing both individual and environmental factors. While the

government provides the framework for addressing these factors,

it’s important to design programs that incorporate strategies that

address the problem in the short and medium terms and build

on the short and medium-term achievements to devise long-term

strategies. In addition, designing programs that target groups at

high risk such as children older than 11 months and children from

larger families can maximize outcomes.

Strengths and limitations

Unlike previous studies done in Rwanda, this study used

a multilevel analysis which made it possible to identify factors

influencing stunting at both individual and environmental levels.

Furthermore, the high response rate from the participants drawn

from different districts in the five provinces ensured that most

information was captured. On the other hand, our study had

the limitation of being cross-sectional thus it may be difficult to

ascertain the causal relationship.

Conclusion

Addressing and preventing childhood stunting is crucial

in averting potential future health, cognitive and economic

development of the country and nations at large. The finding from

the current study shows that stunting is prevalent and remains a

public health challenge in Rwanda. This study suggests the need to

design cross-sectoral and transdisciplinary approaches to address

stunting. Furthermore, sustainable approaches addressing child’s

health and nutrition in long term should target places with a

high rate of stunting, high-risk groups such as children from large

households and enhance maternal health education. The current

study further suggests the need to conduct in-depth qualitative

studies to explore and identify reasons for the high levels of stunting

in parts of Rwanda, especially the Northern and North-western

where the prevalence of stunting is higher than in other regions.
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