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Strengths and limitations of this study

 ► This study investigates individual- level and 
household- level predictors of practices of nutrition- 
specific and nutrition- sensitive interventions for 
infants and young children in the entire West and 
Central African region.

 ► The study cannot distinguish between different roots 
of low intervention practice such as limited access 
to or failure to uptake an intervention, it solely ob-
serves whether it is being practiced.

 ► Some of the outcome variables (in particular the 
availability of iron and iodine supplementation as 
well as deworming, and to a lesser degree minimum 
dietary diversity) have a substantial number of miss-
ing values.

AbStrACt
Objectives To explore the role of individual- level and 
household- level characteristics for practice of nutrition- 
specific and nutrition- sensitive interventions.
Design Secondary data analysis (cross- sectional).
Setting West and Central Africa.
Participants Data are from the Demographic and Health 
Surveys in the time period between 1986 and 2016. The 
final sample included between 116 325 and 272 238 
observations depending on the outcome.
Primary and secondary outcome measures Nutrition- 
specific and nutrition- sensitive interventions were 
identified based on the UNICEF Conceptual Framework 
for child undernutrition. These were early breastfeeding 
initiation, minimum dietary diversity, full age- 
appropriate immunisation, iodised salt usage, vitamin A 
supplementation, iron supplementation, deworming in 
children aged 1 to 5, clean cooking fuel, safe drinking 
water and improved sanitation. Explanatory variables 
include household, mother and child characteristics. Linear 
probability models were fitted for each outcome, both 
unadjusted as well as fully adjusted including primary 
sampling unit fixed effects.
results Prevalence of early breastfeeding initiation was 
54.31% (95% CI: 53.22% to 55.41%), minimum dietary 
diversity 13.89% (95% CI: 13.19% to 14.59%), full age- 
appropriate immunisation 13.04% (95% CI: 12.49% to 
13.59%), iodised salt usage 49.66% (95% CI: 46.79% 
to 52.53%), vitamin A supplementation 52.87% (95% CI: 
51.41% to 54.33%), iron supplementation 10.73% (95% CI: 
10.07% to 11.39%), deworming 31.33% (95% CI: 
30.06% to 32.60%), clean cooking fuel usage 3.02% 
(95% CI: 2.66% to 3.38%), safe drinking water 57.85% 
(95% CI: 56.10% to 59.59%) and improved sanitation 
42.49% (95% CI: 40.77% to 44.21%). There was a 
positive education and wealth gradient for the practices 
of all interventions except deworming. Higher birth order 
was positively associated with the practice of early 
breastfeeding initiation, minimum dietary diversity, vitamin 
A supplementation and negatively associated with full 
immunisation and improved sanitation.
Conclusions Household, maternal, and child- level 
characteristics explain practices of nutrition- specific 
and nutrition- sensitive interventions beyond intervention 
delivery at the regional level.

IntrODuCtIOn
Early breastfeeding initiation, minimum 
dietary diversity, full age- appropriate immu-
nisation, iodised salt usage, vitamin A 
supplementation, iron supplementation, 
deworming, usage of clean cooking fuels, 
safe drinking water and improved sanita-
tion are considered to be nutrition- specific 
and nutrition- sensitive high- impact inter-
ventions to reduce the burden of (child-
hood) undernutrition and malnutrition as 
part of the UNICEF framework.1 2 Yet little is 
known about predictors for their practices at 
the individual level (in this study, we define 
household, maternal and child- level char-
acteristics as ‘individual’ characteristics of a 
child, as they affect each child uniquely in 
their combination). Existing studies focus 
mainly on identifying local or regional- level 
characteristics of their practice3–14: a compar-
atively larger body of evidence is available 
for the Nigerian setting (eg, Begum et al3 for 
iron–folic acid supplementation, Odusanya et 
al4 and Adeloye et al6 on vaccination coverage 
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and Ogbo et al8 on breast feeding). Haile et al9 and Belew 
et al13 investigate vitamin A supplementation (VAS) and 
dietary diversity and meal frequency, respectively, in Ethi-
opia (or its subregions). Ayoya et al7 contribute evidence 
on vitamin A supplementation coverage in Mali, Bendech 
et al10 on the same indicator in Guinea, Chirawurah et al12 
on iodised salt usage in rural north Ghana and Mutua  
et al14 on immunisation coverage in Nairobi, Kenya. When-
ever data are being pooled, it is not done so consequently 
for the entire Sub- Saharan African (SSA) region or its 
subregions West, Central, East and Southern Africa—
for example, Janmohamed et al5 pool data from 13 SSA 
countries to investigate VAS and its determinants. These 
studies oftentimes focus on a few particular risk factors 
of poor outcomes, such as most prominently antenatal 
and postnatal care attendance, low maternal education, 
income/wealth and intervention- specific knowledge 
(for a systematic review on this question cf Bhutta et al 
2008 and 201315 16). For the West and Central African 
regions most of the available studies rely on publicly avail-
able data such as the Demographic and Health Surveys 
(DHS); however, only looking at separate countries (as 
illustrated above), while some studies rely on own data 
collection with smaller numbers of observations7 10 14 and 
no national or regional representativeness. To the best of 
our knowledge this is the first study considering several 
high- impact intervention outcomes and their individual- 
level and household- level predictors on a supranational 
level for the entire West and Central African region.

The focus on local or regional- level characteristics is 
likely due to the perception that the abovementioned 
interventions are delivered to populations and not to 
individuals. However, as it is the case with all public health 
interventions, providing populations with information or 
access to goods and services does not necessarily imply 
that all individuals of the population understand or trust 
the information that is given to them and then take action 
accordingly. Similarly, it does not necessarily imply that 
they use the goods and services that are offered to them, 
or there could prevail logistical, financial, religious or 
political barriers that keep them from using these goods 
and services. While the local and regional characteristics 
of a population are important for intervention targeting, 
the individual- level characteristics of the member of the 
population might contain additional valuable informa-
tion if and to what extent the intervention that is deliv-
ered to the population reaches each individual. Filling 
this knowledge gap is precisely the aim of this study.

MethODS
Data sources
Data for this study come from the Demographic and 
Health Surveys (DHS). These surveys are administered by 
ICF International and are nationally representative cross- 
sectional surveys in low- income and middle- income coun-
tries that have been conducted at varying intervals from 
1985 and are still ongoing. The DHS used a multi- staged 

stratified sampling design. Each country was divided 
into regions and within these subnational regions, popu-
lations were stratified by urban and rural area of resi-
dence. Within these stratified areas, a random selection 
of enumeration areas taken from the most recent popu-
lation census was drawn. These primary sampling units 
(PSUs) were selected based on probability proportional 
to the population size. In the second stage of sampling, 
all households within the cluster were listed and, on 
average, 25 households within a cluster were randomly 
selected for an interview by equal probability systematic 
sampling. Detailed sampling plans are available from 
survey final reports. Within each sampled household, 
the household members were listed and women eligible 
for a more detailed interview were identified. Typically, 
this was women who were between the age of 15 and 49 
years. We analysed data from all DHS from the West and 
Central African region that are available at this date. The 
unit of observation was children under the age of 5 years. 
Depending on the outcome, the final sample included 
between 116 325 and 272 238 children. Sample genera-
tion is shown in figure 1.

Patient and public involvement
No patients were involved in this study.

Outcomes
Based on the UNICEF Conceptual Framework for child 
undernutrition, we identified nutrition- specific and 
nutrition- sensitive interventions to be included in the 
analyses. Nutrition- specific interventions for child health 
and nutritional outcomes are early breastfeeding initi-
ation, dietary diversity, iodine fortification, iron and 
vitamin A supplementation, clean cooking fuel, safe 
drinking water and improved sanitation. Early breast-
feeding initiation is defined as start of breast feeding 
within 1 hour of birth and is measured for the last- born 
child. This variable has been chosen for the analysis 
instead of self- reported breastfeeding duration as it has 
been shown to be a good indicator for the latter while 
being less error prone.17 Minimum dietary diversity has 
been derived by aggregating foods fed to the child within 
a 24 hours recall period into seven essential nutritional 
groups (‘grains, roots and tuber’, ‘legumes and nuts’, 
‘dairy’, ‘animal protein excluding eggs’, ‘eggs’, ‘other 
fruits’ and ‘foods rich in vitamin A’) and setting the cut- 
off for minimum dietary diversity at having received four 
food groups or more. Unlike other interventions in this 
study, information on dietary diversity is only available 
for children below 2 years of age. Salt has been coded as 
properly iodised whenever a household salt rapid test has 
detected iodine levels of 15 ppm or higher. The indicator 
variable for vitamin A supplementation in children bases 
on maternal recall data or alternatively child’s health 
card entry, while iron supplementation bases entirely on 
information provided by mothers and assumes the value 
1 if the mother reports that her child receives iron pills, 
sprinkles or syrup.
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Figure 1 Sample generation. BMI, body mass index.

Indoor air pollution is captured through the usage of 
clean cooking fuel. All houses cooking outside as well as 
those using electricity, liquefied petroleum gas, natural 
gas, or biogas are classified as clean, whereas those using 
kerosene or any type of solid fuel are considered unsafe 
with regards to indoor air quality.

Safe drinking water sources are piped water into 
dwelling, yard or plot/public tap or standpipe/tubewell 
or borehole/protected dug well/protected spring/rain-
water collection18 and sanitation facilities are consid-
ered ‘improved’ when they hygienically separate human 
excreta from human contact, such as facilities with sewer 
connections, septic system connections, pour- flush 
latrines, ventilated improved pit latrines and pit latrines 
with a slab or covered pit.

Nutrition- sensitive interventions for child anthro-
pometry outcomes are deworming and age- appropriate 
immunisation. Age- appropriate immunisation has been 
determined based on a set of eight vaccines available from 

the DHS. For children older than 12 months, we define all 
children who received Bacillus Calmette- Guérin vaccine 
(BCG, administered against tuberculosis), measles and 
three doses of diphtheria, pertussis and tetanus (DPT) 
and polio each as fully immunised (eight vaccines). Chil-
dren below 1 year of age are defined as fully immunised 
if they follow the recommended immunisation calendar 
(BCG in month 1–3, DPT and polio before month 4 
(excluding the polio vaccine dose given shortly after 
birth as customary in some regions) and measles after 
9 months).

exposure
Explanatory variables include sex of the child, age of the 
child in months, number of children in the household, an 
indicator whether the child had fever in the past 2 weeks, 
an indicator whether the child had diarrhoea in the past 
2 weeks, indicators for birth order of the child (reference 
category: first born), wealth quintile measured by an asset 
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Table 1 Prevalence of nutrition interventions in West and Central Africa (based on most recent available survey for each 
country)

Mean SE 95% CI N

Early breastfeeding initiation 54.31% 0.56% 53.22% to 55.41% 66 440

Minimum dietary diversity 13.89% 0.36% 13.19% to 14.59% 67 113

Full vaccination 13.04% 0.28% 12.49% to 13.59% 97 452

Iodised salt usage 49.66% 1.46% 46.79% to 52.53% 15 480

Vitamin A supplement 52.87% 0.74% 51.41% to 54.33% 94 927

Iron supplement 10.73% 0.34% 10.07% to 11.39% 90 682

Deworming 31.33% 0.65% 30.06% to 32.60% 93 877

Clean cooking fuel 3.02% 0.18% 2.66% to 3.38% 95 051

Improved water source 57.85% 0.89% 56.10% to 59.59% 97 452

Improved sanitation 42.49% 0.87% 40.77% to 44.21% 97 452

index based on a principal component analysis (reference 
category: poorest quintile), indicator for female house-
hold head, indicator for urban residence, indicator for 
low maternal body mass index (BMI) defined by mother’s 
BMI being below 18.5 kg/m2, age of the mother in years, 
age of the mother at first birth, indicators for maternal 
education (reference category: less than primary educa-
tion) and religion of the household (reference category: 
Muslim).

Statistical analysis
For each outcome the following linear probability models 
were estimated: (1) The outcome with each explanatory 
variable separately, only adjusted for country and year 
fixed effects. In case of categorical variables this means 
indicators for each category excluding the reference cate-
gory. (2) The outcome with all explanatory variables and 
in addition PSU fixed effects. PSUs are survey specific 
and therefore implicitly also control for country and year 
fixed effects as well as urban location. PSU fixed effects 
control for characteristics of the local environment at the 
time of the survey that all households have in common, 
such as local food markets, health systems but also envi-
ronmental conditions. Regression and descriptive anal-
yses have been weighted with DHS survey weights and 
rescaled to reflect individual countries’ population sizes 
in pooled samples.

The linear probability models are preferable over 
logistic regression models because logistic regression 
models with large number of fixed effects suffer from 
incidental parameter problems leading to inconsistent 
estimates. Standard errors are clustered at the PSU level.

reSultS
Table 1 shows prevalence of each intervention for the 
entire West and Central African region. Table 2 shows 
intervention prevalence for each country. Practice 
of early breastfeeding initiation was 54.31% (95% CI: 
53.22% to 55.41%), ranging from 29.0% in Chad to 
81.7% in Mali. Practice of minimum dietary diversity was 

13.89% (95% CI: 13.19% to 14.59%). Burkina Faso had 
the lowest practice with 3.7% and Sao Tome and Prin-
cipe the highest with 50.7%. Cameroon had the second 
highest rate with 28.7%. Coverage of full age- appropriate 
immunisation was 13.04% (95% CI: 12.49% to 13.59%), 
ranging from 8.2%in Chad to 43.0% in Gambia. Infor-
mation on iodised salt usage was only available for a few 
countries, it was lowest in Niger with 20.6% and highest 
in Cameroon with 85.7%. The population- weighted 
average was 49.66% (95% CI: 46.79% to 52.53%). Vitamin 
A supplementation was lowest in Nigeria with 40.4% and 
highest in Togo with 81.2%, the population- weighted 
average was 52.87% (95% CI: 51.41% to 54.33%). 
Coverage of iron supplementation was 10.73% (95% CI: 
10.07% to 11.39%), Senegal had the lowest coverage 
with 1.7% and Sierra Leone the highest with 35.2%. 
Deworming prevalence ranges from 11.9% (Burkina 
Faso) to 67.6% (Gabon) and the population- weighted 
average was 31.33% (95% CI: 30.06% to 32.60%). Clean 
cooking fuel usage is close to 0 in most countries, Gabon 
being an exception with 83.4% coverage. Cameroon, 
Cote d'Ivoire, Ghana and Senegal had coverage rates 
between 10% and 20%. The regional average was 3.02% 
(95% CI: 2.66% to 3.38%). Availability of safe drinking 
water sources was 57.85% (95% CI: 56.10% to 59.59%), 
ranging from 28.7% in the Central African Republic to 
93.3% in Sao Tome and Principe. Availability of improved 
sanitation was 42.49% (95% CI: 40.77% to 44.21%). In 
Sao Tome and Principe coverage was 0, among the others 
the range was 10.8% in Chad to 64.4% in Ghana.

Table 3 shows the associations found in the unadjusted 
linear probability models. Each coefficient (or in case of 
categorical variables: each group of coefficients) is the 
result of one single regression, which for the purpose 
of better visualisation is shown in one single column for 
the respective outcome. Some associations are consistent 
across all outcomes, for instance education is associated 
with higher practices of all interventions. Similarly, chil-
dren of older mothers and mothers who were older at first 
birth have a higher probability of intervention practice. 
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Children of mothers with low BMI have lower proba-
bility of intervention practice. Other associations differ 
across outcomes, for instance, fever and diarrhoea are 
negatively associated with early breastfeeding initiation, 
clean cooking fuel, safe drinking water and improved 
sanitation but positive with other outcomes. With respect 
to wealth quintiles, the second and third quintiles have a 
lower probability of intervention practice and the richest 
two quintiles have a higher probability, all compared with 
the poorest quintile (and unadjusted for other factors or 
local area characteristics). For all interventions except 
iodised salt usage Christians are more likely and tradi-
tional religion households are less likely than Muslims to 
receive the intervention.

In table 4, results of a mutually adjusted model are 
shown. All covariates are included simultaneously for 
each outcome and in addition are adjusted for PSU 
fixed effects. The PSU fixed effects absorb all character-
istics of the local environment, which are uniform for all 
households. The remaining variation can be interpreted 
as within PSU variation. Compared with the unadjusted 
models, maternal characteristics except education are 
(mostly) no longer statistically significant. Education 
however remains statistically significant with a strong 
positive gradient between education level and interven-
tion practice. Contrary to the unadjusted models, a posi-
tive gradient can now also be found for wealth quintile 
and intervention availability. After mutually adjusting 
for covariates and controlling for PSU fixed effects, the 
second and third quintiles are no longer worse off in 
terms of intervention availability than the poorest quin-
tile. Also, Christians are no longer universally better off 
than Muslims, which suggests that the unadjusted differ-
ences were confounded by socioeconomic characteristics 
which are now controlled for.

DISCuSSIOn
There are several individual- level or household- level 
characteristics that predict practice of nutrition- specific 
or nutrition- sensitive interventions above and beyond 
what local or regional characteristics can explain. Our 
findings on nutritional supplementation, early breast 
feeding, minimum dietary diversity and immunisa-
tion are generally in line with the existing literature on 
these outcomes in SSA (as the literature basis on these 
outcomes is limited, we expanded our search to the 
entire African region rather than only West and Central 
Africa), as far as they are available and report the same or 
similar predictors. However, there exists some evidence 
which is different from our findings: Aremu et al19 find a 
negative association between vitamin A supplementation 
uptake and maternal education in Nigeria while Aemro 
et al20 find higher birth orders to be adversely linked with 
minimum dietary diversity in Ethiopia. For the West and 
Central African region we find the opposite associations.

Moreover, we find the rates for full immunisation to 
be substantially lower than oftentimes reported within 

general policy communication and scientific work (eg, 
Maina et al report an immunisation coverage of 77% in 
Kenya,21 Fadnes et al 75% in Uganda22). This finding is 
mainly driven by the BCG and measles vaccines, for which 
vaccination rates can be as low as 5%–6% in individual 
countries in the most recent survey (eg, Congo, Demo-
cratic Republic and Chad) and 18.5% or 20% on average 
in the region, respectively.

The study is not without limitations. Most importantly, 
none of the presented associations can be interpreted as 
causal. Causality would require the additional assump-
tion of no unobserved confounding. Furthermore, some 
outcomes have rather large numbers of missing observa-
tions and are thus no longer representative for the under-
lying population. Representativeness would require the 
additional assumption that observations are missing at 
random.

COnCluSIOnS
This study has established that individual- level and 
household- level characteristics have an information 
value, which goes beyond local area characteristics, for 
predicting practices of nutrition- specific or nutrition- 
sensitive interventions. In combination with local and 
regional characteristics, this individual- level information 
can be used for improving our understanding which chil-
dren currently benefit from these interventions and to 
improve future targeting. The findings show that house-
holds with lowest wealth and education within a PSU have 
the lowest probability to practice the interventions. Our 
study cannot explain why some individuals practice partic-
ular nutrition- specific or nutrition- sensitive interventions 
while others do not. We cannot distinguish between 
limited access to these interventions and limited uptake 
of provided interventions, all we observe is the final prac-
tice. We further do not study the impact of these inter-
ventions on the ultimate health and nutrition outcomes.

A good understanding of current practices will help 
policymakers to further increase practice by either 
extending coverage of access to nutrition- specific or 
nutrition- sensitive interventions or improving uptake 
in settings where coverage already is high. Programme 
managers should develop advocacy strategies to increase 
the awareness of policymakers on the low practice of 
nutrition- specific and nutrition- sensitive interventions. 
Unless strategies to improve coverage and uptake of 
interventions are endorsed and prioritised by policy-
makers, progress on undernutrition indicators will 
likely be slow. Future research may contribute to this 
effort with identifying socioanthropological barriers 
to the practices and access to interventions. It is inter-
esting to note that there is no country which is doing 
best on all outcomes and there is also no country that 
is performing worst on all outcomes, therefore country- 
specific approaches with different priorities seem to be 
in order.
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