
Abstract
Stunting is recognised as a major public health problem in

Rwanda. We therefore aimed to study the demographic, socio-eco-
nomic and environmental factors determining the spatial pattern
of stunting. A cross-sectional study using the data from the 2014-
2015 Rwanda Demographic and Health Survey and environmental

data from external geospatial datasets were conducted. The study
population was children less than two years old with their moth-
ers. A multivariate linear regression model was used to estimate
the effects of demographic, socio-economic and biophysical fac-
tors and a proxy measure of aflatoxins exposure on height-for-age.
Also, a spatial prediction map of height-for-age to examine the
stunting pattern was produced. It was found that age of child,
height of mother, secondary education and higher, a child being
male and birth weight were associated with height-for-age. After
adjusting for demographic and socioeconomic factors, elevation
and being served by a rural market were also significantly associ-
ated with low height-for-age in children. The spatial prediction
map revealed the variability of height-for-age at the cluster-level
that was lost when the levels are aggregated at the district level.
No associations with height-for-age were found for exclusive
breastfeeding, use of deworming tablets, improved water source
and improved sanitation in the study population. In addition to the
child and mother factors known to determine height-for-age, our
study confirms the influence of environmental factors in determin-
ing the height-of-age of children in Rwanda. A consideration of
the environmental drivers of anthropometric status is crucial to
have a holistic approach to reduce stunting.

Introduction
Stunting among children remains a public health concern in

Sub-Saharan Africa. Eastern and Central Africa have the highest
stunting levels at 36.7% and 32.5%, respectively (FAO et al.,
2017). Stunting results in decreased motor and cognitive develop-
ment, impaired immunity and low education attainment (Dewey
and Begum, 2011). In adulthood, stunting leads to lower economic
productivity, increased risk of chronic diseases and lower off-
spring birth weight (Victora et al., 2008). Stunting increases
markedly in the first two years of life especially during the com-
plementary feeding period (Black et al., 2008; Victora et al.,
2010). 

Stunting is the outcome of a complexity of factors. A pro-
longed lack of adequate and nutritious diet, coupled with recurring
infections are direct causes of stunting. Child-related factors such
as age, lower birth weight, lack of exclusive breastfeeding, and
inadequate complementary feeding practices also increase the risk
of stunting. Stunting is also influenced by maternal factors (e.g.
short maternal stature, lower education, short birth spacing, poor
health before conception), and by household and living character-
istics (e.g. low income, inadequate water and sanitation and lower
access to health services) (Stewart et al., 2013). The biophysical
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environment influences household food security and therefore
directly or indirectly affects dietary diversity. Biophysical factors
often studied include elevation, rainfall, temperature, relative
humidity, topography, soil type, aridity, distance to urban areas and
market access (de Sherbinin, 2011; Nikoi and Anthamatten, 2013). 

Apart from nutrition, demographic, socio-economic and bio-
physical factors, mycotoxins exposure has also been linked to
stunting. In many developing countries exposure to mycotoxins
occurs via the food supply chain (Udomkun et al., 2017).
Mycotoxins are toxic secondary metabolites produced by a group
of fungal species that grow on cereals, nuts and legumes before or
after harvest, especially under warm and humid conditions (Pitt,
2000; Cotty and Jaime-Garcia, 2007). Because many developing
countries rely on subsistence farming and informal local markets,
mycotoxins control is sometimes non-existent (Gbashi et al.,
2018). Child exposure to mycotoxins, especially during the wean-
ing period, is harmful as it impairs immunity and linear growth
(Shephard, 2008; Khlangwiset et al., 2011; Vilcins et al., 2018).
Among mycotoxins, exposure to aflatoxins and fumonisins has
been consistently linked to stunting in children (Wild and Gong,
2010; Amuzie et al., 2016). Maize and peanut flours, often given
to children as part of complementary feeding, are prime pathways
for aflatoxins and fumonisins exposure (Udomkun et al., 2017).

In the past decade, Rwanda has made remarkable progress in
improving food security (MINAGRI et al., 2016), access to health
care (Lu et al., 2016), water and sanitation. This has led to reduced
childhood undernutrition, especially wasting (NISR et al., 2015).
In 2013, the country set a target of reducing child stunting to
24.5% by 2018 (MINALOC et al., 2014). Stunting however
remains high with 38% of children under five being classified as
stunted (NISR et al., 2015). It is estimated that Rwanda loses
11.5% of its gross domestic product due to child undernutrition
(AUC and NEPAD, 2013). Recognising the complexity of stunt-
ing, Rwanda adopted a multi-sectoral approach focusing on early
childhood development, improving water and sanitation as well as
increasing social protection (MIGEPROF, 2018). On the other
hand, the underlying factors leading to high levels of stunting in
some regions in Rwanda remain unclear (MIGEPROF, 2018).
Also, the contribution of mycotoxins exposure to the high levels of
observed stunting in Rwanda remains a subject that is not well
investigated. A lack of national level data on mycotoxins occur-
rence represents a serious challenge to mycotoxin research in
Rwanda and in other developing countries (Gbashi et al., 2018). 

To identify the local determinants of stunting, we conducted
research in the northern region of Rwanda, which in 2010 was
among the districts with the highest level of stunting
(Uwiringiyimana et al., 2018). Follow-up research examined the
impact of aflatoxin exposure on children’s height-for-age, and
established that exposure to aflatoxins via complementary flours
was indeed associated with low child height-for-age
(Uwiringiyimana, Ocke, Amer, Veldkamp, unpublished data). The
analysis presented here takes a holistic approach as it not only con-
siders the usual demographic and socio-economic factors known to
influence stunting but also incorporates biophysical factors and
exposure to mycotoxins. 

Spatially explicit nationally representative data on mycotoxins
in maize and peanut flours however do not exist in Rwanda. To
overcome this lack of data, we developed a proxy for mycotoxin
exposure which is based on the food supply chain of maize and
peanut flours. Nationally, most households (70%) get their com-
plementary flours from markets (MINAGRI et al., 2016). In a local

study conducted in the northern region of Rwanda
(Uwiringiyimana, Ocke, Amer, Veldkamp, unpublished data),
nearly all households surveyed (99%) obtained their peanut flour
from a market. Given that aflatoxin production will generally
increase along the food supply chain and during storage (Hell and
Mutegi, 2011), we hypothesised that household clusters that are
supplied by markets located at the lower end of the food supply
chain would stand an increased risk of mycotoxin exposure. The
objectives of this study are threefold. First, to examine the demo-
graphic and socio-economic factors associated with the observed
height-for-age variability in Rwanda. Second, controlling for the
demographic and socio-economic factors, to identify the biophys-
ical factors affecting height-for-age variability. Third, adjusting for
the previous factors, to investigate if obtaining flour from the
lower end of the food supply chain was associated with lower
childhood height-for-age.

Materials and Methods

Study area
Rwanda is a country located in East-Africa with Tanzania to

the East, Uganda to the North, Congo to the West and Burundi to
the South. About 61.5% of Rwanda lies above 1,500 meters above
the mean sea level, giving the country a temperate climate
(Mendelsohn et al., 2016). Rwanda has four provinces, 30 districts,
416 sectors, 2,148 cells and 14,837 villages. The population is
about 11 million, among which 1,5 million are under five (NISR
and MINECOFIN, 2012). Figure 1 shows the spatial variability of
stunting among the 30 districts of Rwanda. This study was based
at the cluster level (containing between 100 and 300 households).

Study sample
The survey was conducted in a two-stage sample design based

on demographic and socio-economic data from the 2014-15 col-
lected from the Rwanda Demographic and Health Survey (DHS)
(NISR et al., 2015). At the first stage, a total of 492 household
clusters were selected within enumeration areas representing all 30
districts of Rwanda, 113 located in urban areas, and 379 in rural
areas. For survey participation, 20 to 30 households were random-
ly selected from each cluster. The second stage involved systemat-
ic sampling of 26 households within each cluster, making up a
sample of 12,792 households at the national level. From a sub-
sample consisting of 50% of the households, indices of anthropo-
metric status (child height and weight), individual mother and
household characteristics were recorded for 3,813 children less
than five years old. At the end of the survey, 1,467 children aged
less than two years had valid height-for-age measurements,
matched with their mothers’ characteristics. All the demographic
and socio-economic variables used were extracted from the 2014-
15 DHS database for Rwanda, taking into account the survey
weights, the variables definition and the denominators (Rutstein
and Rojas, 2006).

Demographic and socio-economic data
The outcome variable was the height-for-age z-scores (HAZ)

of children less than two years. Height-for-age is a measure of
stunting or low height-for-age which indicates a prolonged nutrient
deficit in children resulting in linear growth retardation (de Onis
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and Branca, 2016). A z-score less than -2 standard deviations
(SDs) below the median of the World Health Organization (WHO)
reference population (Onis, 2007) defines stunting. The indepen-
dent demographic variables used were: i) age, sex, birth weight,
exclusive breastfeeding, use of deworming tablets in the last six
months, and the presence of diarrhoea in the two weeks preceding
the survey for a child; ii) height, body mass index (BMI), highest
education level, preceding birth interval (the difference in months
between the current birth and the previous birth, counting twins as
one birth),  education level (no education, primary education, sec-
ondary education or higher) for a mother.

The socio-economic variables used were: i) type of residence,
improved source of water, improved sanitation or toilet facility; ii)
access to health care facility; iii) wealth index (a composite mea-
sure of a household’s economic status, estimated from ownership
of selected assets such as television, bicycles, type of residence
including water access/sanitation facilities and access to health
care facility; NISR et al., 2015).

Environmental data
The biophysical variables considered in the study were eleva-

tion, slope, temperature, rainfall and relative humidity. Table 1 dis-
plays the description of the environmental data. The elevation was
produced from a digital elevation map (DEM) created by the
Rwanda National Land Use and Development Master Plan Project
through the Rwanda Natural Resources Authority. The slope was
calculated from the DEM. The climatic factors temperature, rain-
fall, and relative humidity were measured from a network of 183
meteorological stations throughout Rwanda (Nyandwi et al.,
2016). The annual average of these factors was measured for most
stations using 60 years records starting from 1950 to 2010 by the
Rwanda Meteorological Agency. After, the averages were interpo-
lated for the whole country using thin-plate smoothing spline algo-
rithm and saved as raster datasets with a 10-m2 cell size (Nyandwi
et al., 2016).

                                                                                                                                Article

Table 1. Description of environmental variables.

Data type                                              Variable                                                                              Description

Topographic                                                 Elevation and slope                                                Created from a DEM and further used to generate the slope 
                                                                                                                                                       using ArcGIS. Both raster files were created at a cell size of 10 m2

Climatic                                   Temperature, rainfall, and relative humidity                                 Annual means from meteorological weather stations, 
                                                                                                                                                                      interpolated and resampled to a cell size of 10 m2

DEM, digital elevation map.

Figure 1. Stunting prevalence per district in Rwanda in 2015. Based on Demographic and Health Survey, 2015 (Rwanda location in
Africa shown besides).
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Merging environmental data and Demographic and
Health Survey data

To merge the environmental data with DHS data, each bio-
physical factor was extracted per household cluster using zonal
statistics in ArcGIS Desktop, release 10.4 (ESRI, Redlands, CA,
USA). Consideration was made, however, by taking into account
the geographical displacement of the cluster done by DHS for
every household survey (Burgert et al., 2013). For protecting the
confidentiality of survey participants, DHS displaces the global
positioning system (GPS) coordinates of urban clusters up to two
km, and of rural clusters up to 5 km. Thus, before extracting the
biophysical factors per cluster, we created a buffer of 5 km around
all rural clusters and a buffer of 2 km around all urban clusters. The
mean value of each environmental variable was extracted using the
zonal statistics tool in ArcGIS.

Classification of household clusters
As the environmental conditions in the tropics are known to be

very conducive to the production of mycotoxins (Gbashi et al.,
2018), and given that aflatoxin contamination increases along the
food supply chain due to poor post-harvest management (Kamika
et al., 2016), we considered household clusters that would obtain
their flour from markets at the lower end of the food supply chain
as being at risk of exposure to higher aflatoxin levels from comple-
mentary flour compared to household clusters that obtain their
flour at the start of the food supply chain. Because the food supply
chain is a hierarchy from main markets to regional and local mar-
kets, we classified the clusters as follows: household clusters
served by an urban market were considered as obtaining their flour
from markets at the top of the food supply chain (least risk of afla-
toxin exposure), while clusters exclusively served by a rural mar-
ket were considered as obtaining their flour from markets at the
intermediate level (increased risk of exposure) and clusters obtain-
ing flour from local shops at the end of the food supply chain
(highest risk of exposure). Based on this situation, the road net-
work of Rwanda, the market locations and the boundaries of urban
areas were used to classify the clusters into data layers.

The national road network, produced by the Rwanda Land

Management and Use Authority (RLMUA) within the land cadas-
tral project in 2009-2010 categorises roads into national, district
and other roads. The existing boundary of urban areas in Rwanda
was also delineated by RLMUA during its land demarcation pro-
ject for the production of urban master plans of Rwandan districts.
The market location was produced by the National Institute of
Statistics of Rwanda (NISR) by collecting information on the loca-
tion of each market on the ground. A summary of the process fol-
lowed to compute the distance variables is shown in Figure 2. We
computed the distance from each household cluster to the closest
urban or rural market in ArcGIS. 

To prepare the data for network analysis, a road layer was first
built followed by a market layer with the existing boundary of
urban areas. The markets were extracted and categorised as urban
or rural taking into account that main markets in urban areas sup-
plying flour to rural markets. Then, two distance variables were
calculated from each household cluster to the closest urban and
rural markets using the network analyst tool. 

Because of the geographic displacement of the household clus-
ters done by DHS to protect the confidentiality of survey respon-
dents, using a continuous distance variable from a household clus-
ter to any closest facility could introduce a bias in the measure-
ments computed. To reduce this bias, categorising the distance
according Burgert et al. (2013) we used two categories for distance
to market (5 and 10 km). These two cut-offs were chosen to con-
sider the walkable distance from a household cluster to the closest
market, and also because they take into account the geographical
displacement of both the urban and the rural household clusters.
The distance variables were used to classify the household clusters
into the three categories depending on where they would obtain
their flour, all within a 5 or 10 km radius: i) household clusters
served by an urban market; ii) household clusters exclusively
served by a rural market; and iii) household clusters neither served
by an urban market nor a rural one.

Statistical analysis
All variables were imported into SPSS Statistics for Windows,

version 24.0 (IBM Corp., Armonk, NY, USA) for statistical analy-
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Figure 2. Flowchart explaining the calculation of distance to markets.
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sis. Descriptive statistics were run on all variables. Mean, median
and SD were reported for continuous variables. Percentages were
displayed for discrete ones. Maps of the independent variables
aggregated per household cluster were produced to visualise their
spatial pattern. For the spatial pattern of categorical variables, the
percentage levels were displayed. For continuous variables, such
as mothers BMIs, classes of BMI indicating underweight, normal
weight, overweight and obesity, were used to visualise the spatial
pattern. Correlation between the anthropometric status and the
independent variables were ran on all variables to study the linear
relationship with height-for-age. A hierarchical stepwise linear
regression model was applied to determine the factors that were
significant HAZ determinants. Three hierarchical stepwise models
were run, with demographic and socio-economic factors that affect
height-for-age entered first. The second block consisted of envi-
ronmental variables and in the third block, the household clusters
classification variables, based on the type of market that served
each cluster. The independent variables retained in the final model
were all significant at the P≤0.05 level. Given that most regression
analyses have been criticised of overlooking or not correcting for
the spatial dependence which biases the results of the regression
models (Voss et al., 2006; de Sherbinin, 2011), we checked for
possible spatial autocorrelation in our analyses. Thus, the results of

the final model were validated by visualising the pattern of the
residuals in ArcGIS, and running a spatial autocorrelation analysis
using Global Moran’s I to assess the non-spatial clustering of the
model residuals. Spatial autocorrelation indicates that the errors in
the model are not independent (Voss et al., 2006). When spatial
autocorrelation is present, it reduces the standard errors of the esti-
mates, increases the t-values and reduces the P-value thereby lead-
ing to a bias in the model (Voss et al., 2006). Moran’s I is similar
to Pearson’s correlation coefficient, and has values ranging from -
1 to 1, with positive values indicating high values surrounded by
high values and, negative results showing spatial randomness. A
prediction map based on the model predicted height-for-age z-
scores per household cluster and per district was produced using
natural breaks.

Results
The descriptive characteristics of the study population is pre-

sented in Table 2, while Figure 3 displays the spatial variability
existing within the demographic and socio-economic variables per
cluster. The high percentage of stunting is more common in the
North, West and south-eastern part of Rwanda and varies from 0%

                                                                                                                                Article
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Figure 3. Prevalence rate of Demographic and Health Survey variables per cluster. A) Prevalence rate of stunting; B) percentage of exclu-
sive breastfeeding; C) secondary and other higher education of mother; D) mothers’ body mass index (BMI) classes per cluster.
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to 100% in some clusters (Figure 3A). Exclusive breastfeeding of
children less than six months was generally below 75% (Figure
3B). As expected, mothers with secondary education and higher
mostly lived in Kigali (Figure 3C). On the other hand, the BMI of
mothers were uniformly spread across the country (Figure 3D).

As shown in Figure 4, the percentage of children receiving
deworming tablets in the last six months (Figure 4A) was higher
across the country as opposed to the prevalence of diarrhoea
(Figure 4B). The use of non-improved water source (Figure 4C) in
the households was more pronounced in the East, North and some
regions in the South. On the other hand, the use of non-improved
sanitation (Figure 4D) was evenly spread across the four provinces
of Rwanda. 

Table 3 shows the results from the household cluster classifi-
cation. Household clusters that were served by an urban market
within a 5 and a 10-km radius were 21% and 32%, respectively.
Household clusters served only by a rural market were 39% and
61% within the 5 and 10 km, respectively. Household clusters
served by neither an urban nor a rural market within 5 km were
40% as opposed to 7% within 10 km. 

Figure 5 shows the spatial distribution of the household clus-
ters as served by an urban market or a rural market within a 5 km
(Figure 5A) and 10 km radius (Figure 5B). The majority of house-
hold clusters that were served by a market at the top of the food
supply chain were located in urban areas. According to our
assumption of increased aflatoxin contamination along the food
supply chain, these household clusters were considered as clusters
with the least risk of exposure to higher aflatoxin level. Household
clusters served by markets at the intermediate level in the food sup-
ply chain were mostly located in rural areas; and thus they will be
more exposed to aflatoxins compared to clusters located in the
urban areas, assuming the rural markets get their supply from the
urban markets. Finally, the household clusters neither served by an
urban nor a rural market within a 10-km radius, which is the third
category, will be potentially the most exposed to higher levels of
aflatoxins.

As can be seen in Table 4 showing the results of the hierarchi-
cal linear regression model, the child’s age, mother’s height, sec-
ondary education, being male, birth weight was significantly asso-
ciated with height-for-age. From the biophysical factors, elevation
was a significant predictor of height-for-age in children. Being
served by a rural market within 10 km radius was negatively asso-
ciated with the height-for-age in children. The HAZ significantly
decreased as a cluster changed from being served by an urban mar-
ket to being served by a rural market within a 10-km radius. The
adjusted R2 of the final model was 0.27, implying that 27% of the
total variability in stunting can be explained by this significant
empirical model.

Figure 6 shows the results of the spatial autocorrelation analy-
sis with residuals on the x-axis and the lagged residuals on the y-
axis. The lagged residuals represent the sum of weighted residuals
of neighbouring household clusters indicating that there is no spa-
tial autocorrelation among residuals, thereby confirming their
independence. Figure 7B shows the spatial pattern of the predicted
values of HAZ at the cluster-level in Rwanda, based on the model
presented in Table 4, with the same mean HAZ aggregated to the
district level. Overall, the central region of Rwanda has normal
height-for-age values in contrast to the northern and the western
regions that have mostly low height-for-age values. The aggrega-
tion to the district level, however, overshadows the clusters with
higher HAZ, which are surrounded by clusters with lower HAZ.

As seen in Figure 7A, the same is observed from the comparison
with the commonly reported stunting prevalence per district.
Compared with Figure 1, the spatial variability in HAZ is lost due
to data aggregation at the district levels.

                   Article

Table 3. Household clusters classification.

Variable                                                       Sample size (%)
                                                                                     5 km     10 km
Distance categories                                                                                        

Household clusters served by an urban market                                          106 (21)      158 (32)
Household clusters exclusively served by a rural market                          90 (39)       300 (61)
Household clusters served by neither an urban nor a rural market      196 (40)        34 (7)

Table 2. Descriptive statistics of dependent and independent vari-
ables used in the study.

Variable                             Mean      SD       No. of clusters       %
Continuous                                                                                     

Height-for-age                               -1.2            1.5                     1,467                      
Child age (months)                       11             7.0                     1,514                      
Child birth weight (kg)                 3.3             0.6                     1,509                      
Mother’s BMI (kg/m2)                 23.1           3.5                     1,509                      
Mother’s height (cm)                 156.9          6.1                     1,509                      
Birth index (months)                  11.4           6.6                     3,122                      
Wealth index                                  -0.1            0.8                     3,122                      
Elevation (m)                                1702         348.0                                                   
Slope (degrees)                           11.7          10.9                                                    
Rainfall (mm)                               1208         259.0                                                   
Relative humidity                          73.9           3.6                                                     
Categorical                                                                                     

Stunting                                                                                       1,467                   30.2
Sex                                                                                                3,122                      
     Female                                                                                                               50.1
     Male                                                                                                                    49.9
Exclusive breastfeeding                                                          2,972                      
     Yes                                                                                                                      25.3
Mother’s education                                                                   3,122                      
     No education                                                                                                    13.3
     Primary education                                                                                           71.8
     Secondary education                                                                                      12.5
     Higher                                                                                                                 2.4
Improved water source*                                                         3,074                      
     Yes                                                                                                                      72.5
Improved sanitation°                                                               3,074                      
     Yes                                                                                                                      70.2
Deworming tablets use in last six months                                                     3,116
     Yes                                                                                                                      48.6
Diarrhoea in last two weeks                                                   3,122                      
     Yes                                                                                                                      17.0
Data source: Demographic and Health Survey, Rwanda 2014-2015 and authors’ own calculations. SD, stan-
dard deviation; BMI, body mass index. *includes piped water, public tap/standpipe, tube well, borehole,
protected well, protected spring, rainwater; °includes connection to a piped sewer system, to a septic
tank, to a pit latrine, ventilated improved pit latrine, pit latrine with slab, composting toilet. Shared
improved facilities are also included. 
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Discussion
We studied the determinants of the spatial pattern of height-

for-age at the household cluster level in Rwanda considering
demographic, socio-economic variables and environmental vari-
ables, with a proxy variable for aflatoxin exposure in children.
Stunting prevalence in children in Rwanda was 30.2% which,
according to the present stunting prevalence thresholds (de Onis et

al., 2019), is considered very high. Factors associated with stunt-
ing were the child’s age, the mother’s height, the mother’s educa-
tion, the child’s gender and its birth weight. The direction of the
relationship for each covariate was as expected. First, the age of
children was negatively associated with height-for-age, a result
that aligns with other studies in the sense that as a child becomes
older, the risk of stunting increases (Dewey and Huffman, 2009).
Second, the mother’s height was positively associated with the

                                                                                                                                Article

Figure 4. Prevalence rate of Demographic and Health Survey variables per cluster. A) Prevalence rate of using deworming tablets in last
six months; B) percentage of diarrhoea in last two weeks; C) non-improved water source in the households; D) non-improved sanitation
in household.

Table 4. Regression coefficients of the socio-economic, environmental and accessibility factors on height-for-age.

Variables                                                               Non-standardized coefficients                     Standardized coefficients        95% CI
                                                                             B                                        Standard error                            Beta                     Lower, Upper

Child’s age (months)                                                        -0.08**                                                            0.01                                                -0.328                             -0.102, -0.062
Mother’s height (cm)                                                        0.06**                                                            0.01                                                 0.223                                0.036, 0.078
Secondary education or higher                                        0.01*                                                              0.00                                                 0.128                                0.002, 0.010
Child being male                                                                 -0.01*                                                             0.00                                                -0.132                             -0.010, -0.002
Child’s birth weight (kg)                                                    0.32*                                                              0.13                                                 0.102                                0.065, 0.583
Elevation (m)                                                                     -0.00**                                                            0.00                                                -0.207                              -0.001, 0.000
Cluster served by an urban vs a rural market              -0.18*                                                             0.09                                                -0.086                             -0.351, -0.007
B, Non-standardized coefficient; Beta, Standardized coefficient; CI, Confidence interval. *P≤0.05, **P≤0.001. Adjusted R2 of the model is 0.27.
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height-for-age of her child, showing the relation between maternal
nutrition and anthropometric status of the child. Maternal short
stature is a high-risk factor of intra-uterine growth restriction,
which has previously been linked to childhood stunting (Black et
al., 2013). Third, we found that secondary education or higher of
the mother was positively associated with height-for-age. In
Uganda, Wamani et al. (2007) found similar results. Chopra (2003)
and Sakisaka et al. (2006) also identified that low maternal educa-
tion was associated with lower height-for-age of children.

In our study, a child being male was negatively associated with
height-for-age. Previous Rwandan DHS surveys (INSR and
Macro, 2006; NISR et al., 2010) have shown a similar pattern. The
Rwanda DHS of 2010 showed that 47.4% of the boys were stunted
compared to 41.4% of the girls. The Rwanda DHS of 2005 identi-
fied that 46.3% of the boys were stunted compared to 44.4% of the
girls. In a study on sex differences in the nutritional status of HIV-
exposed children in Rwanda, Condo et al. (2015) found significant
differences in stunting status, with male children being more stunt-
ed than their female counterparts, although they did not find a sig-
nificant difference in feeding practices between male and female
children. As for birth weight, our findings showed that higher birth
weight was positively associated with height-for-age. Black et al.
(2013) have shown that children with normal birth weight are more
protected against infections and have less mortality risk compared
to children with a low birth weight. 

Although exclusive breastfeeding, use of deworming tablets,
access to improved water source and sanitation of the household
are known to influence height-for-age (Stewart et al., 2013), our
multi-variate analysis did not identify any significant association.
Preceding birth interval, mothers’ BMI, and type of residence were
also not significantly associated with stunting. Households living
in areas of higher altitude negatively associated with the height-
for-age of children. The robustness of the elevation covariate was
consistent throughout the analysis. Similarly, Dang et al. (2004)
found that children living in mountainous regions have a higher
risk of becoming stunted than children brought up in lowlands.
Elevation could have a direct effect on height-for-age, but it is
more probable that these are more remote areas with higher food
insecurity and lower levels of access to health care services. In a
comprehensive vulnerability survey conducted in Rwanda in 2015,
households at high altitudes were more at risk due to food insecu-
rity, and their children were also found to be more stunted com-
pared to those living in the rest of the country (MINAGRI et al.,
2016). On the other hand, in this study we tested the accessibility
to health care services, and did not find a significant relationship
between distance to health facilities and height-for-age. This is
probably because the health care services delivery in Rwanda is
well organised with a universal health care system and thus equally
accessible to the majority of the population (Binagwaho et al.,
2014). We tested other environmental factors such as rainfall, rel-
ative humidity and slope. These covariates were not statistically
significant. However, this non-significant result might result from
the cross-sectional nature of our study. Considering seasonality in
future studies might reveal an impact of these factors on the
anthropometric status of children. Skoufias and Vinha (2012) anal-
ysed the impact of the weather on child height in rural Mexico
from 1951 to 1985 and found that after positive rainfall shocks,
defined as one or two standard deviations more than the average
1951-1985 rainfall, children were shorter regardless of their loca-
tion or altitude. Negative temperature shocks, defined as one or
two standard deviations less than the average 1951-1985 tempera-
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Figure 5. Distribution of household clusters as served by the three
categories of markets. A) Within a 5-km distance; and B) a 10-km
distance. 

Figure 6. Moran’s I for the residuals.
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ture, also had a negative impact on child’s height but only for high
altitude areas (Skoufias and Vinha, 2012). 

Household clusters that were served by rural markets had a sig-
nificant negative association with height-for-age compared to clus-
ters that were served by urban markets. This association had the
second highest effect on the height-for-age of children after the
children’s birth weight. This result supports our hypothesis that
households that obtain food supplies from markets at the lower end
of the food supply chain have a higher risk of aflatoxin exposure.
Given that these findings are based on a proxy only, this finding
should be treated with caution. Also, in reality, the dynamics of
aflatoxin production along the food supply are complex which
means that our hypothesis requires further validation by studying
the occurrence of this toxin along the food supply chain and quan-
tifying contamination levels. On the other hand, due to the lack of
explicit national spatial data on aflatoxins in foods, which is the
case in many developing countries, our approach could be applied
in other research settings on mycotoxins. Our study revealed that
the identified variability in stunting prevalence at the cluster level
is lost when stunting levels are aggregated to the district level. This
can have considerable implications for stunting reduction policies

because a district might be classified as having low stunting and
thus not be given priority for programme intervention even if high
stunting prevalence could exist at the sub-district or cluster level.
To enable more geographically targeted policies and programmes
in future, it is important to consider cluster-level variations in
stunting prevalence.

The use of the Rwanda DHS 2014-15 data had several
strengths and the consideration of biophysical factors and a proxy
measure of the exposure to aflatoxins in addition to socio-econom-
ic factors rendered the analysis more robust, enabling spatially
explicit predictions of stunting occurrence. First, we analysed both
child and mother characteristics, further increasing the robustness
of the analysis. Second, the DHS survey provided a range of
explanatory variables of good quality data. Third, the availability
of spatial data enabled us to analyse biophysical factors associated
with stunting at the household cluster-level which, to the best of
our knowledge, has not been done before in Rwanda. Using the
household clusters, we could take into account the spatial variabil-
ity of the covariates, visualise the spatial distribution of height-for-
age at a fine-scale resolution, control for spatial autocorrelation,
and finally make a spatial prediction map for height-for-age. Our
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Figure 7. Model-predicted height-for-age z-scores (HAZ) per cluster. Based on Demographic and Health Survey, 2015. A) Per district
and B) with the same values shown in the background aggregated at the district level compared to the prevalence of stunting. 
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study also had limitations. Although for the extraction of environ-
mental factors and the estimation of household exposure to afla-
toxins the displacement of the household clusters was taken into
account; there will be a margin of error as the true locations of the
clusters remain unknown (Burgert et al., 2013). Also, our proxy for
aflatoxins exposure via the food supply chain requires further evi-
dence. This is because of the complex interplay of factors leading
to aflatoxins produced in food products (Sanchis and Magan, 2004;
Sakisaka et al., 2006). Also, our scenario considered only the hier-
archy of markets as the source of exposure, which does not take
into account the exposure experienced by households that produce
and store maize for their own consumption. 

Conclusions
Our study confirms not only the usual effect of child and moth-

er factors on height-for-age but also shows the influence of envi-
ronmental factors in determining the height-of-age of children in
Rwanda. Elevation and being supplied by markets at the lower end
of the food supply chain were found to be significantly associated
with low height-for-age. Thus, an understanding and consideration
of the environmental drivers of stunting is crucial in order to pro-
duce a holistic approach in addressing low height-for-age in chil-
dren under five years. Our use of household clusters shows the
variability of stunting across the study area. In most published
studies, the analysis is generally conducted at the household level
with no spatial component considered. Although this approach pro-
vides valuable insights into the determinants of stunting on indi-
vidual and household levels, most governmental interventions are
targeted at the regional scale. Future research should focus on
studying in depth the clustering observed in the height-for-age
measure, to better understand the individual determinants of stunt-
ing at a finer scale. Conducting such a research could shed light on
overlooked, yet determining correlates of stunting, which would
result in better geographically targeted interventions and prioritisa-
tion of areas affected. It would also contribute to an examination of
the temporal change in hotspots of stunting during the past years,
which would lead to a better understanding of the spatial variation
in the distribution of stunting. For Africa and Rwanda specifically,
there is a need for more interdisciplinary research, incorporating
geographical information system applications in understanding the
complexity of stunting, to complement the research usually con-
ducted on an individual or household level in the nutrition or social
science fields. Finally, there is a tremendous data gap to be filled
on the extent of mycotoxin exposure on the national level and how
this affects linear growth, not only at the individual level but also
at a regional and national scale.
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