
Vol.:(0123456789)1 3

https://doi.org/10.1007/s12571-022-01279-8

Understanding drivers of stunting reduction in Nigeria from 2003 
to 2018: a regression analysis

Olutayo Adeyemi1  · Mariama Toure2 · Namukolo Covic2,3 · Mara van den Bold2,4 · Nicholas Nisbett5 · Derek Headey2

Received: 24 March 2021 / Accepted: 17 February 2022 
© The Author(s) 2022

Abstract
Nigeria is a high burden country for stunting. Stunting reduction has been slow and characterized by unequal progress across 
the 36 states and federal capital territory of the country. This study aimed to assess the changes in prevalence of stunting 
and growth determinants from 2003 to 2018, identify factors that predicted the change in stunting, and project future stunt-
ing prevalence if these predicted determinants improve. Trend and linear decomposition analyses of growth outcomes and 
determinants were conducted using 2003, 2008, 2013, and 2018 Nigeria Demographic and Health Survey data. Pooled data 
included 57,507 children 0 to 59 months old. Findings show that stunting and severe stunting significantly reduced from 
43 to 37% and 23% to 17%, respectively (p < 0.001), between 2003 and 2018. Disturbingly, height-for-age z-scores at birth 
significantly decreased, indicating risks of potential future stunting increase. Improvements in nine stunting determinants 
(maternal body mass index, maternal height, ≥ 4 antenatal care visits, health facility delivery, reduced child illnesses, asset 
index, maternal education, paternal education, and preceding birth interval) predicted stunting reductions in children 0–59 
months. Few of these nine determinants improved in subpopulations with limited stunting progress. Intra-sectoral and 
multisectoral coordination were potentially inadequate; 12% of children had received all of three selected health sector 
interventions along a continuum of care and 6% had received all of six selected multisector interventions. Forward looking 
projections suggest that increased efforts to improve the nine predictors of stunting change can reduce under-five stunting 
in Nigeria to ≤ 27% in the short term.
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1 Introduction

Nigeria is a high burden country for chronic undernutrition. 
There were more than 11.9 million stunted children under 
5 years old in Nigeria in 2020 – about 8% of the world’s 
stunted children and more than half of stunted children in 
West Africa (UNICEF et al., 2021). While there has been a 
reduction in prevalence of stunting over the past few decades, 
from 42% in 2003 to 37% in 2018, progress has been slow, 
and Nigeria is not on track to meet global stunting reduction 
targets (Development Initiatives, 2017). In addition, progress 
has not been uniform across the country. Some states have 
experienced reductions in stunting, while others have seen 
stunting increase (NPC & ICF, 2019; NPC & Macro, 2009).

All nutrition-related sectors, including health, education, 
agriculture, and sanitation, are on a constitutional concurrent 
list in Nigeria. For such sectors, responsibilities are shared 
among the government at federal, state, and local govern-
ment area (LGA) levels, and each level of government has 
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implementation autonomy. Thus, each of the 36 states and 
federal capital territory (FCT), Abuja, as well as each of 
the 774 LGAs across the country can decide on whether  
or not they take action on issues related to these sectors, 
what actions to take, and how much they choose to spend  
(Akindele et al., 2002; Khemani, 2001). In states that have 
seen a reduction in stunting prevalence, it is not clear which 
determinant factors may be associated with the observed 
reductions. Indeed, this is even true at more aggregated geog-
raphies; the 36 states and FCT in Nigeria are aggregated into 
6 geopolitical zones (Fig. 1) that have also seen apparent 
differences in stunting trends (NPC & ICF, 2019; NPC & 
Macro, 2009).

Given the poor economic, education and health out-
comes associated with stunting (Hoddinott et al., 2013; 
Shekar et al., 2014), it is important that the factors driv-
ing (both positive and negative) changes in stunting are 
well-understood. Evidence around nutrition outcomes is 
necessary for creating enabling environments to address 
undernutrition (Gillespie et  al., 2013). Understanding 
stunting changes can thus guide evidence-based nutri-
tion decision making and evaluation of policies and pro-
grammes and propel and sustain momentum for scaling up 
coverage of essential interventions and reducing undernu-
trition, accelerating progress towards achieving national 
nutrition targets and the 2025 and 2030 nutrition targets 
of the World Health Assembly (WHA) and Sustainable 

Development Goals (SDGs), respectively. Specifically, the 
WHA endorsed a target of 40% reduction in the number 
of stunted under-five children by 2025 and the SDGs aim 
to achieve internationally agreed targets for under-five 
stunting by 2030. Based on the WHA target, the Nige-
ria National Policy on Food and Nutrition (MBNP, 2016) 
includes a target to “reduce stunting rate among under-five 
children from 37% in 2013 to 18% by 2025” (pg. 10), rep-
resenting a 51% reduction in prevalence.

Several previous studies, for example Adekanmbi et al. 
(2013), Ajieroh (2009), Akombi et  al. (2017), Uthman 
(2009), have assessed the determinants of stunting in Nige-
ria, but these studies mostly used a single round of the Nige-
ria Demographic Health Survey (NDHS) data or focused 
on changes in stunting through a socioeconomic inequality 
lens. Two studies (Akombi et al., 2019; Nwosu & Orji, 2018) 
assessed changes in socioeconomic inequalities of child 
stunting over time, using 2003, 2008, and 2013 NDHS data. 
In addition to focusing on socioeconomic inequalities, nei-
ther of these two studies included health and maternal nutri-
tion determinants of child stunting. Other authors (Amare 
et al., 2018) conducted a decomposition analysis to elucidate 
the difference in stunting for children 6 – 23 months old, 
between northern Nigeria (North East (NE) and North West 
(NW) geopolitical zones combined) and the rest of Nige-
ria, using 2013 NDHS data. In general, the studies reported 
that stunting was higher among the poor, rural households, 

Fig. 1  Map of Nigeria show-
ing 6 Geopolitical Zones and 
highlighting Jigawa and Kaduna 
States in the North West Zone

Source: ArcGIS
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and households in northern Nigeria. Low maternal educa-
tion and nutrition, inadequate use of health services, unim-
proved drinking water source, poor sanitation, illness, and 
inadequate child feeding practices were other factors associ-
ated with stunting.

Although these studies offer useful explorations into the 
determinants of stunting in Nigeria, none analyze the factors 
contributing to changes in stunting prevalence over time, 
which is the goal of this study. The specific objectives of 
this study were to:

1. Assess the changes in height-for-age z-scores (HAZ) and 
stunting from 2003 to 2018

2. Describe changes over time in the immediate, under-
lying, basic and enabling environment determinants of 
stunting

3. Determine factors associated with HAZ and stunting and 
decompose the determinants contributing to observed 
changes in HAZ and stunting

4. Project potential 2025 stunting levels if predicted deter-
minants of stunting improve

2  Materials and methods

This study is part of the Stories of Change in Nutrition study 
(SoC) in Nigeria conducted by the Transform Nutrition West 
Africa project (TNWA). The analysis conducted used the 
methods described in Headey et al. (2015) and Headey and 
Hoddinott (2015), who proposed regression-decomposition 
methods to explore potential drivers of stunting change. 
The basic idea of this approach is to ask how well a given 
stunting regression model predicts stunting changes over 
time – for example, across different DHS rounds – based on 
changes in means for the explanatory variables (the determi-
nants of stunting change) in the regression model.

2.1  Hypothesized drivers of changes in growth 
outcomes

Since 2001, Nigeria has had a National Policy on Food and 
Nutrition that describes different approaches to addressing 
malnutrition in the country. Similarly, many policies, strate-
gies, and plans of action for improving health, agriculture, 
economic growth, education, environment, social protection, 
and other nutrition-sensitive issues have been developed. 
Further, Nigeria became a member of the Scaling Up Nutri-
tion (SUN) movement in 2011, working towards scaling-
up existing multisectoral nutrition actions in the country to 
accelerate progress on reducing undernutrition, and more 
recently all forms of malnutrition. Informed by existing lit-
erature (Amare et al., 2018; Headey & Hoddinott, 2015; 
Headey et al., 2015), potential determinants of stunting 

change that were considered in the decomposition analysis 
in this study included economic growth (and its potential 
impacts on household wealth); improvements in education; 
and expansion of nutrition, health, family planning, and 
water and sanitation interventions.

2.2  Data

The analysis was conducted using 2003, 2008, 2013 and 2018 
NDHS data for children 0 to 59 months old (NPC & ICF, 
2019; NPC & ICF International, 2014; NPC & Macro, 2004, 
2009).1 The 2003 NDHS was representative at the national, 
rural/urban, and geopolitical zone level only, while the 2008, 
2013, and 2018 NDHS were representative at these levels 
as well as at state levels. Households included in the survey 
were sampled using a complex two-stage cluster randomized 
sampling design, with survey weights used to ensure repre-
sentativeness at the national or subnational levels.

The national analysis included a total of 57,507 children 
with HAZ ± 6 SD from the median, based on the 2006 WHO 
child growth reference population. The 2003, 2008, and 2013 
NDHS collected anthropometric data for all under-five chil-
dren in all selected households, while the 2018 NDHS col-
lected anthropometric data from under-five children in one-
third of selected households. Thus, there were 4,174 children 
from 365 clusters in 2003 NDHS, 18,419 from 886 clusters 
in 2008, 23,835 from 896 clusters in 2013 and 11,079 from 
1,389 clusters in 2018 NDHS. Online Resource 1 in the sup-
plementary material summarizes the indicators representing 
the determinants of stunting change considered in the study 
and defines how the indicators were constructed. Online 
Resource 1 also includes a description of outcome and con-
trol variables. Indicators were generally constructed guided by 
Headey et al. (2015, 2017) and Headey and Hoddinott (2015). 
Included determinants encompassed the immediate (dietary 
intake where possible, and child illness – diarrhoea, fever, or 
cough); underlying (maternal nutrition, water/sanitation, health 
care); and basic (assets, education, demographic changes) 
determinants of nutritional status (Black et al., 2013).

In addition, markers of potential intrasectoral and mul-
tisectoral coordination were assessed as indicators of the 
nutrition enabling environment (Black et al., 2013). Poten-
tial intrasectoral coordination was defined as the delivery 
of several interventions that takes place consecutively and 
are implemented by various units or actors within the same 
sector, such as coordinated “continuum of care” health 
services during the first 1000 days of life (Kerber et al., 

1 Although there is data available for 1990 NDHS, this survey was 
excluded from the analysis because several key determinants, includ-
ing maternal anthropometric indicators, were not collected as part of 
that survey. Also, the classification of Nigeria into geopolitical zones 
had not been done at this time.
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2007). Potential multisectoral coordination was defined as 
the delivery of a number of interventions that takes place 
concurrently but are implemented by actors from multiple 
sectors (Garrett & Natalicchio, 2011). The potential coor-
dination indicators were selected based on three eligibility 
criteria: 1) already included as a stunting determinant in the 
study (Online Resource 1); 2) measures outcomes targeted 
in national policies/strategies; and 3) has standards or cut-
offs established in literature (for example, there are no cut-
offs for “acceptable levels” of asset index, hence, it was not 
included in assessing potential coordination).

For potential intrasectoral coordination, continuum of 
care within the health sector was assessed (Kerber et al., 
2007), as this was the only sector for which multiple indi-
cators along a continuum were available. Specifically, a 
dummy indicator (0/1) was generated with dummy = 1 if 
all of three conditions were met: mother had at least 4 ANC 
visits; child was born in a medical facility; and child had 
received all age-appropriate basic vaccinations. For poten-
tial multisectoral coordination, a dummy indicator (0/1) was 
generated with dummy = 1 if all of six conditions were met: 
3 potential health intrasectoral coordination indicators; child 
household used piped, borehole, tube well or covered well 
drinking water; household did not engage in open defeca-
tion; and mother or partner had at least primary education 
(6 years). Further, a discrete variable was generated with 
values ranging from 0 to 6, based on the number of the six 
conditions that were met for a child. These are only indica-
tors of potential coordination – it is possible that favorable 
outcomes across or within sectors are not driven by coordi-
nated policies but by other factors (e.g., household wealth 
and greater demand).

2.3  Data analyses

The analysis adjusted for the complex survey design of the 
DHS, using the svyset and related commands in Stata 15.0 
that consider sampling units, strata, and sample weights; and 
the probability of decision error, α, was set at 0.05. Descrip-
tive statistics included trends in means and prevalence, as 
well as non-parametric plots of HAZ by child age, following 
Headey and Hoddinott (2015). Univariate regression mod-
els and chi-square tests were used to assess the significance 
of change in means/prevalence from 2003 to 2018. Given 
the differences in malnutrition prevalence across geopo-
litical zones and states (NPC & ICF, 2019; NPC & ICF 
International, 2014; NPC & Macro, 2009), as well as state 
autonomy in nutrition decision-making, analysis was done 
at national, geopolitical zone, and state levels. For state level 
analysis, two states were selected – one state that appeared to 
be performing relatively well for stunting and one state that 
was not performing well. This selection was made in order 
to facilitate an understanding of factors enabling positive 

change or limiting change in stunting at state level as part of 
the broader SoC in Nigeria. In addition to analysis of past 
changes in stunting, potential changes that could result from 
scaling up efforts to improve nutrition were projected, fol-
lowing methods used by other authors (Headey et al., 2019). 
Such projections facilitate an understanding of changes that 
will be required in various interventions to achieve targets 
for stunting reduction (Headey et al., 2019).

2.3.1  National level

For regression analyses, child growth outcomes – child 
HAZ, stunting (HAZ < –2 SD), and severe stunting (HAZ 
< –3 SD) – were the dependent variables of interest. Linear 
regression (ordinary least square, OLS) models were used 
where child HAZ was the outcome, while linear probability 
models (LPM) were used for stunting. Apart from models 
that directly included all the driver indicators, additional 
models were run where the discrete (0 to 6) multisectoral 
coordination variable replaced the following indicators: 
piped water, borehole, open defecation, antenatal care, 
health facility delivery, vaccination, maternal education, 
and paternal education.

Data from the 2003, 2008, 2013 and 2018 NDHS surveys 
were pooled and modelled using Eq. (1), where:

N is the nutrition status indicator (HAZ or stunting) for 
a child i at time t
X is a vector of time-varying indicators (determinants of 
nutritional change)
β is a vector of coefficients which are parameters of inter-
est to be estimated
μ is a vector of control variables including maternal 
height, maternal and child age dummies, and location 
(rural/urban) fixed effects
T is a set of time dummies for each round
ε is the error term

Equation (1) requires that non-linear relationships are 
identified and addressed and that there is little collinear-
ity among the variables in the model. To ascertain that the 
assumption of linearity was met, non-parametric graphical 
techniques were used to examine time-varying continuous 
variables (Online Resource 2), while flexible specifica-
tions (for instance monthly dummy variables for child age) 
were used for time-invariant variables. For the collinear-
ity assumption, pairwise correlations were done between 
all continuous variables to ensure that no variables were 
highly correlated. Variance inflation factors (VIFs) were also 
assessed to ensure that no variable had a high VIF (Online 

(1)N
i,t = �X

i,t + �
i
+ T + �

i,t
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Resource 3). In the full national sample, nearly all the con-
tinuous variables included in the model had approximately 
linear relationships with the HAZ outcome. Cluster level 
open defecation showed some signs of non-linearity but was 
kept as linear in the main set of results. As a sensitivity test, 
additional analysis (Online Resource 4) breaks the open def-
ecation variable into five quintiles (based on the curves of 
its non-parametric graph) and checks the effects on regres-
sion coefficients. Amare et al. (2018) suggested that there 
may be a threshold effect for some determinants. Hence, 
the non-parametric graphs (Online Resource 2) were also 
examined to determine the possibility of thresholds at which 
the predicted –2 HAZ line crosses the x-axis in each graph 
and identify the corresponding value of the driver indicator 
at the threshold. The –2 HAZ line is the threshold below 
which a child is said to be stunted. Thus, the point at which 
this line crosses the x-axis may indicate the minimum levels 
of a determinant that is necessary to avoid stunting.

The estimated parameters from Eq. (1) were used to 
conduct a decomposition analysis of significant changes in 
growth outcomes, with a simple decomposition of means. 
The predicted change in growth outcome due to any variable 
X was estimated as the change in the mean of X multiplied 
by its regression coefficient from Eq. (1). The model used 
only regression coefficients that were significant at < 5%. 
This model assumes that the β coefficients remain constant 
across survey years and that the error term has a mean of 
zero. The decomposition equation is therefore:

where � refer to sample means derived from survey weights.
To check that the assumption of coefficient stability was 

valid, Chow tests were conducted for significant differences 
between the coefficients of each X variable across the four 
survey rounds, as well as between the coefficients of the 
pooled model and coefficients in each survey round. The 
robustness of the LPM for stunting and severe stunting was 
assessed by comparing the β-coefficients from the LPM to 
marginal effects estimated from logistic regression models 
of the outcomes. To assess the potential inclusion of endog-
enous variables, models that excluded health and fertility 
variables were estimated, as has been done by other authors 
(Headey et al., 2015), because demand for health services 
and contraception is typically considerably increased by 
wealth and education. Clustered robust standard errors were 
used to estimate significance levels in all models. Also, to 
prevent regression coefficients from being weighted by the 
data from one year, due to the large sample size differences 
across the survey years, new weights were constructed using 
survey population weights and the inverse of the sample size 
proportion from each year. The newly constructed weights 
were used in regression models while original population 

(2)ΔN
T
= �

(

X
t=T − X

t=1

)

weights were used for descriptive statistics for each NDHS 
round.

The full national sample analysis was replicated by type 
of place of residence (rural/urban) and age group (< 6 
months, 6–23 months, and 24–59 months). Previous stud-
ies reported significant rural/urban differences in stunting 
changes (Smith et al., 2005) as well as age group differences 
(Alderman & Headey, 2018); hence the choice of subsam-
ples for analysis. In addition, the quality of Nigeria DHS 
data has been shown to be quite poor (Fayehun et al., 2020; 
Larsen et al., 2019; Nwogu, 2006; Perumal et al., 2020), 
with some, but inadequate quality improvements in succes-
sive surveys (Perumal et al., 2020). The poor data quality is 
more pronounced for rural areas and northern geopolitical 
zones, with the NE and NW zones having the poorest data 
quality (Fayehun et al., 2020). To minimize the potential 
for systematically biased results due to poor data quality, 
this study used national coefficients for decomposing any 
changes in HAZ and stunting in location-specific samples 
such as rural/urban analysis (i.e., rural/urban (and other loca-
tion) child anthropometric and determinants data were used, 
but the β-coefficients from the pooled sample were used to 
decompose the change over time).

2.3.2  Geopolitical zone level

The pooled model had 9,752 children in the North Central 
(NC), 11,969 children in the NE, 15,306 children in the NW, 
5,794 children in the South East (SE), 6,778 children in the 
South South (SS), and 7,908 children in the South West 
(SW). HAZ and stunting regression models for each zone 
were analyzed to provide indication of coefficients that likely 
differed across zones. Zonal decomposition of changes in 
HAZ and stunting was conducted in zones where significant 
changes occurred from 2003 to 2018. Again, coefficients 
from the pooled national model were used for such analysis, 
to minimize data quality bias and avoid any unstable zonal 
coefficients. The use of national coefficients also permits 
an examination of how well the national model predicted 
zonal trends, or how well/badly the model worked in differ-
ent zones. However, such decomposition implies an assump-
tion of uniform coefficients across zones.

2.3.3  State level

State level analysis was conducted from 2008 to 2018 
because 2008 was the first year for which the NDHS col-
lected representative data at state level. At the time of study 
commencement (January 2019), the most current state-level 
representative data was from the 2016/17 Nigeria Multiple 
Indicator Cluster Survey (MICS). There are historical and 
fundamental differences among geopolitical zones in Nigeria 
(Archibong, 2018; Eze et al., 2014). Jigawa State in the NW 
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zone was selected as a case study for a state that was rela-
tively not well-performing, because prevalence of stunting 
had increased between 2008 (53%) and 2016 (66%). Jigawa 
also had the highest prevalence of stunting in 2016 (NBS & 
UNICEF, 2017). States in southern Nigeria had the lowest 
prevalence of stunting and apparent reductions in prevalence 
from 2008 to 2016. However, we chose a relatively well-
performing state from the same geopolitical zone as Jigawa –  
Kaduna state – in order to reduce potential confounding  
due to zonal factors. Kaduna was selected as the well- 
performing state because it had the lowest prevalence of 
stunting in the NW in 2016, as well as the largest appar-
ent reductions in stunting prevalence in the zone from 2008 
(52%) to 2016 (47%). Pooled data from 2008 to 2018 had 
4,058 and 3,324 children in Jigawa and Kaduna, respectively. 
Changes over time in the prevalence of stunting determi-
nants that were significant in the national level decomposi-
tion analysis were assessed for each state.

2.3.4  Projection analysis

Potential stunting changes from 2018 to 2025 due to inter-
vention efforts were projected using Eq. (2). Specifically, 
two scenarios were modelled. For scenario one, it was 
assumed that the annual rate of change for each determinant 
from 2018 to 2025 would be the same as the average annual 
rate of change from 2003 to 2018. Scenario two set the 2025 
mean of each determinant in the decomposition model to 
the mean in the best performing geopolitical zone (for that 
determinant) in 2018.

3  Results

Overall, progress in stunting reduction in Nigeria has been 
slow but also highly uneven. The regression models shed 
light on factors associated with stunting reduction. Model 
projections to 2025 suggest that stronger multisectoral 
efforts with greater coverage could deliver much faster pro-
gress against stunting.

3.1  National level

Descriptive statistics: There was a non-significant increase 
of 0.10 in mean HAZ from 2003 to 2018 in the full sam-
ple, while both stunting and severe stunting significantly 
reduced by 6 percentage points over the period (Table 1). 
Changes in HAZ and stunting were not consistent across 
the years (Online Resource 5) and the reduction in stunting 
mostly occurred in the 2008 to 2013 period. The limited 
changes in HAZ from 2003 to 2018 can be observed in the 
kernel density estimation of the HAZ distribution (Fig. 2). 
Although the 2018 curve shifted to the right, the right-side 

tail constricted. There is therefore a greater clustering of 
children around the mean than in earlier survey years. When 
HAZ was observed by child age in months (Fig. 3), predicted 
HAZ were significantly lower at birth in 2018 than in 2003 
(confidence intervals do not overlap). However, the slope of 
post-natal growth faltering is less steep in 2018 than in 2003 
in the first ± 24 months.

Determinants of nutritional status generally improved 
from 2003 to 2018. Despite the improvements, levels of 
determinants were nonetheless low in 2018. For instance, 
in 2018, 62% of women received antenatal care at least four 
times, 46% of children were born in a medical facility, and 
24% of children had received all age-appropriate basic vac-
cinations. Further, just 12% of children received all three 
of these interventions, and 36% of children did not receive 
any of the three interventions. Around 40% of households 
did not have adequate drinking water sources, and 23% still 
practiced open defecation. Mean asset index was 4 out of 
10. Average number of years of education completed was 6 
years for mothers and 7 years for fathers. In 2018, just 6% 
of children received all the selected six interventions that 
comprise the potential multisectoral coordination indicator; 
compared to 3% of children who had received the six inter-
ventions in 2003 (Table 1).

Factors explaining growth outcomes in Nigeria: Deter-
minants included in the models were generally associ-
ated with the outcomes in the expected directions. Asset 
index, maternal and paternal education, maternal height, 
having ≥ 4 ANC visits, and health facility delivery were 
positively associated (p < 0.05) with child growth; while 
increasing fertility, low birth intervals, low maternal BMI, 
open defecation, and child illness were negatively associ-
ated. Being a boy child and living in a rural residence were 
also negatively associated with growth (Table 2). When 
the number of multisectoral indicators each child received 
replaced its constituent variables in regression models, it 
was observed that improved child growth was associated 
with increasing numbers of indicators registered (Online 
Resource 6). Notably, receiving ≥ 4 of any combination of 
the selected 6 multisectoral determinants predicted signifi-
cantly improved growth outcomes, compared to receiving 
zero of the determinants.

Decomposition of growth trends: Figure  4 and Online 
Resource 7 present the results of decomposing changes in 
growth outcomes nationally. Increases in parental (mater-
nal and paternal) education was predicted to have contrib-
uted the most to the decline in stunting from 2003 to 2018; 
followed by the increase in assets, improvements in health 
(increased health facility delivery and reduced child ill-
nesses) and improved maternal nutrition (reductions in low 
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BMI and increased maternal height). In addition to these 
determinants, improvements in the proportion of women 
that had ≥ 4 ANC visits also contributed to the predicted 
reductions in severe stunting. The predicted models did not 

explain all of the observed change in stunting and severe 
stunting from 2003 to 2018. Specifically, half (50%) of 
change in stunting (–3 percentage points (pp) out of –6 

Table 1  Nutrition Outcomes 
and Determinants of Nutrition 
for Children 0 to 59 Months Old 
in 2003 and 2018

Numbers in parentheses are standard deviations
*** and ** indicate significance at 1% and 5% levels, respectively

Characteristics 2003 2018 % ∆

Outcomes
  Mean HAZ -1.62 (1.90) -1.52 (1.58) 6.21
  % Stunting (HAZ < – 2) 42.56 36.54 -14.13***
  % Severe Stunting (HAZ < – 3) 22.79 16.95 -25.63***

Maternal Nutrition
  % Underweight (BMI < 18.5 kg/m2) 12.32 9.39 -23.72***
  Average height (cm) 158.39 (6.08) 158.43 (5.85) 0.02

Health and Health Seeking
  % ANC at Least Four Visits 51.46 61.79 20.07***
  % Delivery in Health Facility 36.61 45.58 24.49***
  % Children Fully Vaccinated at Appropriate Age 11.68 23.99 105.34***
  % Child Illness in 2 Weeks Preceding Survey 46.81 36.58 -21.86***

Water and Sanitation
  % Piped Drinking Water Source 15.53 10.81 -30.37***
  % Borehole/Covered Well Drinking Water Source 21.59 48.46 124.42***
  % Households with Open Defecation 24.53 23.45 -4.42

Wealth and Education
  Mean Asset Index 3.53 (2.88) 4.08 (2.77) 15.73***
  Mean Maternal Education (years) 4.29 (4.82) 6.28 (5.72) 46.39***
  Mean Paternal Education (years) 5.85 (5.66) 7.41 (6.07) 26.75***

Demography
  Mean Number of Children per Woman 4.38 (2.67) 4.20 (2.51) -4.13**
  % Birth Interval Less than 18 Months 6.33 6.03 -4.70

Enabling Environment
  % Received 0 Health Sector Continuum of Care Actions 48.78 35.94 -26.32***
  % Received 3 Health Sector Continuum of Care Actions 6.33 12.17 92.33***
  % Received 0 of 6 Multisectoral Determinants 6.90 3.94 -42.94***
  % Received 6 of 6 Multisectoral Determinants 3.28 6.44 96.61***

Fig. 2  Distribution of Length/Height for Age Z-Scores from 2003 to 
2018 in Children 0–59 Months Old Fig. 3  HAZ by child age, 2003 and 2018
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Table 2  HAZ and stunting 
regressions pooled across 2003, 
2008, 2013 and 2018 NDHS for 
full national sample

Clustered, robust standard errors are below point estimates
The regressions included several time-invariant controls, including zonal fixed effects, dummy variables 
for practice of Christianity and Islam, month-specific child age dummy variables, and dummy variables for 
various categories of maternal age and maternal cohort
OLS ordinary least square model, LPM linear probability model
***, ** and * indicate significance at 1%, 5%, and 10% levels, respectively

Full National 
Sample, HAZ 
OLS

Full National  
Sample, Stunting 
LPM

Full National Sample, 
Severe Stunting LPM

Low maternal BMI -0.261*** 0.062*** 0.038***
0.039 0.010 0.009

Maternal height (cm) 0.037*** -0.008*** -0.005***
0.002 0.000 0.000

 ≥ 4 ANC visits 0.096 0.007 -0.063***
0.069 0.014 0.012

Delivery in health facility 0.132*** -0.038*** -0.014**
0.029 0.007 0.006

Complete age-appropriate vaccinations 0.02 -0.011* -0.008
0.029 0.007 0.005

Child illness -0.157*** 0.026*** 0.033***
0.024 0.006 0.005

Piped water -0.02 0.002 0.000
0.042 0.010 0.009

Borehole/covered well water -0.024 -0.005 -0.002
0.026 0.006 0.005

Open defecation -0.120** 0.014 0.01
0.049 0.009 0.008

Asset index (1 – 10) 0.051*** -0.014*** -0.006***
0.007 0.002 0.001

Maternal education (years) 0.013*** -0.004*** -0.003***
0.003 0.001 0.001

Paternal education (years) 0.005* -0.002** -0.002***
0.003 0.001 0.001

Number of children per woman -0.017** 0.003* 0.000
0.007 0.002 0.002

Low birth interval -0.148*** 0.041*** 0.039***
0.045 0.012 0.011

Male child -0.201*** 0.052*** 0.035***
0.022 0.005 0.005

Rural residence -0.074** 0.023*** 0.012**
0.035 0.007 0.006

Year 2008 0.170*** -0.014 0.007
0.054 0.011 0.01

Year 2013 0.354*** -0.069*** -0.022*
0.069 0.015 0.013

Year 2018 0.162* -0.053*** -0.049***
0.084 0.020 0.017

R-squared 0.209 0.177 0.139
N 57507 57507 57507
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actual pp) and 45% of change in severe stunting (–2.6 pp out 
of –5.8 actual pp) was predicted by the models (Fig. 4 and 
Online Resource 7). In addition, the acceleration in stunting 
reduction observed between 2008 and 2013 appeared to be 
influenced by improvements in maternal height during this 
period (Online Resource 7).

There were significant differences in growth outcomes 
and determinants between rural and urban areas (Online 
Resource 8). Summarily, rural areas did not see a statistically 
significant decline in stunting or severe stunting from 2003 
to 2018, while urban areas witnessed significant declines in 
both outcomes (p < 0.05). Although rural areas had greater 
2003–2018 improvements in several determinants (including 
vaccination, ≥ 4 ANC visits, and borehole drinking water 
source), the 2018 coverage of determinants in rural areas 
was still below urban coverage (Online Resource 8A). Fac-
tors associated with HAZ, stunting, and severe stunting, 
were similar for rural and urban areas (Online Resource 8B), 
as with the full sample, with a few notable exceptions. Child 
vaccinations, open defecation, and low birth intervals were 
significant in urban but not rural areas; while low maternal 
BMI, child illnesses, health facility delivery, and paternal 
education were significant in rural but not urban areas.

There were likewise important age group differences in 
the changes in growth outcomes and determinants (Online 
Resource 9). Stunting reductions were observed among chil-
dren 6 to 59 months old but there was no change among 
children 0 to 6 months old (Fig. 3, Online Resource 9A). 
Among nutrition determinants, nutritional status improved 
among mothers of children 6 to 59 months old, but not 
among mothers of children 0 to 6 months old. Exclusive 
breastfeeding increased among children 0 to 6 months old, 
but complementary feeding deteriorated among children 6 to 
23 months old. The prevalence of younger children (0 to 23 
months old) that received the 3 selected health interventions 
along a continuum of care meaningfully increased, whereas 
there was no change among children 24 to 59 months old 

(Online Resource 9A). Maternal height and ≥ 4 ANC vis-
its were the only determinants consistently associated with 
growth outcomes in all 3 age groups. The models identified 
only a few factors significant for growth outcomes among 
children < 6 months old while many of the determinants 
were significant for children 24 to 59 months old (Online 
Resource 9B and C).

3.2  Geopolitical zone level

Descriptive statistics: At the geo-political zone level, mean 
HAZ did not change from 2003 to 2018 (p > 0.05) in all 
zones. The lower predicted HAZ at birth in 2018 that was 
observed in the full sample (Fig. 3), was observed in three 
geo-political zones (Online Resource 2) – NC, NE, and SS. 
Just two geo-political zones experienced statistical declines 
in stunting from 2003 to 2018, the NC and SW. Similarly, 
severe stunting declined in the NC and NW only (Online 
Resource 10). Reductions in stunting mostly occurred in the 
2008 to 2013 period, except in the NW where stunting sig-
nificantly increased (p = 0.022) from 2008 to 2018 (Fig. 5 
and Online Resource 5). In the most recent period, i.e., from 
2013 to 2018, HAZ significantly (p < 0.05) deteriorated in 
all zones except in the NW zone where it did not change. 
Also, stunting increased in the NE from 2013 to 2018 (p = 
0.004). Overall, the SE consistently had the lowest preva-
lence of stunting, followed by the SS zone, while the NW 
and then the NE consistently had the highest prevalence of 
stunting (Online Resource 10A).

Like nutrition outcomes, there were variations in the 
magnitude and direction of change in determinants of nutri-
tion across the zones (Online Resource 10A). Determinants 
did not consistently change in the same direction across the 
zones. For instance, whereas the prevalence of completion 
of age-appropriate vaccination increased about 15 times in 
the NW, it decreased by 24% in the SW. Also, while there 

Fig. 4  Predicted sources of 
changes from 2003 to 2018 in 
stunting and severe stunting 
prevalence in Nigeria
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was 46% reduction in open defecation in the NW, there 
was a 23% increase in the NC. There was no zone where all 
determinants of stunting improved. The NW and NE zones 
have the greatest potential to benefit from any interven-
tions to improve nutrition because, in both 2003 and 2018, 
they had the highest prevalence of determinants of child 
growth retardation. Because of the magnitude of need in 
2003, even large improvements from 2003 to 2018 in these 
zones did not necessarily mean good coverage in 2018. For 
example, the NW prevalence of complete age-appropriate 
vaccinations was 0.8% in 2003 and 13% in 2018. This 15 
times vaccination improvement in the NW was the highest 
improvement across all zones. Yet, the NW still had the 
lowest coverage in 2018.

Factors explaining growth outcomes: Non-parametric 
graphs for the NW, but not any other zones (Online Resource 
2), suggest that some determinants may have thresholds 
below which stunting does not meaningfully decline. Spe-
cifically, there appeared to be thresholds of around 4 for 
asset index, 8 years for maternal education, 10 years for 
paternal education, 55% of households in a village receiv-
ing ≥ 4 ANC visits, and maternal height ≥ 160 cm. These 
numbers represent the point at which the –2 predicted HAZ 
line crossed the x-axis.

In the regression models, the only variables that were 
consistently associated with growth outcomes in all zones 
were maternal height and BMI, and asset index, and the pre-
dicted impact of these variables was quite considerable. In 
all zones, male children also consistently had poorer growth 
outcomes than female children. All other variables were 

significant in some but not all zones, with different mag-
nitudes of coefficient even where significant and with even 
differing directions of coefficient in a few instances (Online 
Resource 10B-D). The ability of decomposition models to 
adequately predict changes in stunting was reduced because 
a number of the determinants that predicted stunting change 
deteriorated in several zones (Online Resource 10E).

3.3  State (Kaduna and Jigawa) level

Child HAZ significantly deteriorated (p < 0.001) and stunt-
ing statistically increased (p = 0.005) in Jigawa from 2008 
to 2018, whereas there was no change in Kaduna for both 
HAZ and stunting (Online Resource 11). Further, while the 
prevalence of severe stunting did not change in Jigawa (p = 
0.641) from 2008 to 2018, there was a significant decrease in 
Kaduna during this time period (p = 0.017). Although there 
were improvements in several nutrition determinants, includ-
ing vaccinations and reductions in open defecation, only a 
few of the predicted sources of stunting decline improved in 
Jigawa from 2008 to 2018 (Fig. 4 and Online Resource 7). 
Specifically, of nine indicators that predicted stunting and/
or severe stunting, ANC visits, health facility delivery, and 
paternal education were the only indicators that improved. 
The other indicators did not improve or deteriorated (child 
illness increased by more than 100%). In Kaduna, none of 
the nine indicators improved from 2008 to 2018. Rather, 
child illness and low birth intervals increased. Hence, our 
model did not work well in explaining the differences in 
stunting changes between Kaduna and Jigawa.

Fig. 5  Changes in Stunting Pro-
portion among Children 0–59 
Months Old from 2003 to 2018 
by Geopolitical zone
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3.4  Potential determinants of future stunting 
reduction in Nigeria (2018–2025)

When the coefficients from the decomposition analysis (Online 
Resource 7) were used to project two scenarios of stunting lev-
els in 2025, the gaps between current levels of determinants and 
the levels necessary for meaningful change were amplified. In 
the first scenario in which 2018–2025 changes in stunting deter-
minants occur at the same annual rate as 2003–2018 changes, 
the predicted prevalence of stunting in 2025 will be 34.9%, two 
percentage points lower than the 2018 prevalence. If, however, 
prevalence of determinants is considerably improved so that 
2025 national means are equivalent to means in the best per-
forming geopolitical zone in 2018 (scenario 2), the predicted 
prevalence of stunting in 2025 will be nine percentage points 
lower at 27.2% (Figs. 6 and 7; Online Resource 12).

3.5  Model specification

There were some unstable coefficients among the 2008, 
2013 and 2018 rounds and between the 2008 and 2013 
rounds and the pooled model (Online Resource 13). Coeffi-
cients most affected were maternal height, number of chil-
dren, complete vaccinations, and child illness. Between the 
2003 round and the other three rounds, and between the 
2003 round and the pooled model, there were no unstable 

coefficients. Also, between the 2018 round and the pooled 
model, open defecation at the cluster level was the only 
unstable coefficient. In 2018, there was no relationship 
between open defecation and HAZ, while the pooled 
model showed a significant negative relationship. Never-
theless, there was only a 1.1 percentage points change in 
the prevalence of open defecation between 2003 and 2018, 
indicating that the influence of this coefficient on decom-
position results will be minimal. Since the decomposition 
analysis used 2003 and 2018 data and there were basically 
no signs of coefficient changes between these rounds or 
with the pooled model, the linear decomposition method 
was considered suitable.

Regarding the potential inclusion of endogenous vari-
ables, the models excluding health and fertility variables 
found that the coefficients for assets increased by 29% and 
67% for stunting and severe stunting, respectively; while 
coefficients for maternal education increased by 50% and 
33%, respectively (Online Resource 14A). The larger coef-
ficients for asset index and maternal education indicate that 
a larger share of the change in stunting and severe stunting 
may be attributable to improvements in these two deter-
minants. Nevertheless, the decomposition results includ-
ing asset index and parental education alone explain less of 
the change in stunting and severe stunting (42% and 28%, 
respectively) than the full model (Online Resource 14B). 
The results therefore support an important role for health 
and fertility determinants in reducing stunting and severe 
stunting. The logit models produced generally similar pat-
terns of significant variables compared to the LPM model 
(Online Resource 15A). Inferences about the contributions 
of the various indicators to predicted nutritional change 
were likewise similar (Online Resource 15B).Fig. 6  2025 levels of determinants in two scenarios – scenario 1 and 2

Fig. 7  Projected prevalence of stunting in scenario 1 and scenario 2 
improvements in determinants
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4  Discussion

This study aimed to assess child growth outcomes in Nige-
ria, associations between these outcomes and nutrition deter-
minants, likely contributions of determinants to changes in 
growth outcomes from 2003 to 2018, and projected stunting 
reductions if determinants are improved by 2025.

4.1  Contributions to knowledge about stunting 
drivers in Nigeria

The 2018 prevalence of stunting in Nigeria (37%) is classified 
as critical (de Onis et al., 2019). The findings of our study pro-
vide insights into the limited progress in reducing stunting in 
Nigeria. Specifically, five key conclusions are supported. Our 
first key finding is that determinants of stunting, especially 
wealth and maternal education, that facilitate the demand for 
nutrition-promoting services, are crucial in Nigeria. Secondly, 
supply-side determinants, including access to health care, 
family planning, and infrastructure, are also important. Both 
findings have been reported in other studies of stunting deter-
minants in Nigeria, such as Adekanmbi et al. (2013), Ajieroh 
(2009), Akombi et al. (2017), and Amare et al. (2018). The 
added value of our study was to estimate the past and potential 
future contributions of the various determinants to stunting 
reductions. Nationally, we found that education predicted the 
most change in stunting reduction (22%), followed by wealth 
(14%), health (10%), maternal nutrition (3.5%), and fertility 
(0.2%). Our findings are consistent with previous studies. A 
review of child growth decomposition analyses in 11 coun-
tries and 4 states of India (Heidkamp et al., 2021) found that 
wealth, healthcare, and parental education were top drivers 
of stunting reduction. The findings emphasize the need for 
multisector interventions to reduce stunting.

Our third key finding is that significant determinants of 
stunting reduction appeared to vary within country from rural to 
urban areas, from one geopolitical zone to another, and among 
different age groups. For instance, we found that open defeca-
tion had greater significance in urban areas (consistent with a 
global study using DHS data – (Hathi et al., 2017), and vac-
cinations were consistently significant in the SE zone for all 
growth outcomes. Some authors have highlighted within coun-
try differences in child growth outcomes, e.g. (Vaivada et al., 
2020). However, differential effects of various determinants 
across subpopulations appear to have been much less studied 
beyond rural/urban differences, e.g., Smith et al. (2005) and 
Hathi et al. (2017); and age group differences e.g., Alderman 
and Headey (2018) and Svefors et al. (2019). One study, Amare 
et al. (2018), studied differences in effects of determinants on 
stunting outcomes between Nigeria NE and NW zones, and 
the other four zones of the country, among children 6 to 23 
months old. Similar to our study, the authors reported variations 
in the effects of determinants on stunting outcomes. Although 

the observed differential effects might be due to systematic 
measurement error arising from poor quality of Nigeria DHS 
data (Fayehun et al., 2020; Larsen et al., 2019; Perumal et al., 
2020), the finding suggests a need to consider the possibility of 
differential effects when selecting and targeting interventions.

The significantly lower HAZ among children < 6 months 
old in 2018 compared to 2003 is worrisome as it indicates 
that postnatal HAZ in Nigeria may be deteriorating, pre-
senting potential risks for stunting increases, and potentially 
indicating deteriorating maternal nutrition, at least during 
pregnancy. Yet, the less steep gradient in HAZ reduction 
between 0 and 6 months (Fig. 3) suggests improved rates 
of early initiation of breastfeeding and exclusive breast-
feeding (Argaw et al., 2019; Hanley-Cook et al., 2020). 
NDHS data does show that exclusive breastfeeding signifi-
cantly increased from 20 to 31% from 2003 to 2018 (Online 
Resource 9A). Hence, the lower HAZ among children 0–6 
months appears to be driven predominantly by lower HAZ 
at birth. This indication, in parallel with potentially lower 
maternal height over time among this age group (Online 
Resource 9A), suggests poor maternal nutrition and health 
and an intergenerational cycle of malnutrition in Nigeria 
(Accrombessi et al., 2018; Black et al., 2008).

Our fourth key finding is that improvements in all stunting 
determinants were limited and varied across subpopulations. 
Determinants that improved nationally did so only among 
some subpopulations, while other determinants did not change 
or deteriorated. Our decomposition analysis thus deductively 
explains that the lack of stunting decline from 2003 to 2018 
among different subpopulations in Nigeria is due to limited 
improvements in the determinants that predicted stunting 
change. For example, in the NW zone where stunting is high-
est, only ANC visits improved among predicted determinants 
of stunting and/or severe stunting change. Decomposition of 
HAZ and/or stunting in other countries (Bhutta et al., 2020; 
Buisman et al., 2019; Headey et al., 2017, 2019; Kohli et al., 
2020) found that countries where stunting meaningfully 
declined experienced considerable improvements in multiple 
nutrition determinants. Other authors (Husseini et al., 2018) 
signal that certain thresholds of socioeconomic and environ-
mental conditions may be necessary before stunting can mean-
ingfully reduce. For example, at least 9–10 years of mater-
nal education may be required to achieve stunting declines 
(Alderman & Headey, 2017; Makoka & Masibo, 2015). Our 
study showed that maternal education among higher stunting 
burden subpopulations was well-below this threshold in 2018, 
even where there were significant improvements from 2003. 
Also, predicted HAZ from univariate, nonparametric graphs 
in our study suggest potential thresholds in more indicators 
than maternal education, including asset index, paternal edu-
cation, ANC, and maternal height. In higher stunting burden 
subpopulations, the 2018 levels of these indicators were gen-
erally below apparent thresholds.
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Several (48) multisectoral policies and strategies, aimed 
at improving service delivery and prevalence of nutrition-
relevant development outcomes, were ratified and active in 
Nigeria between 2003 and 2018 (Adeyemi et al. Forthcom-
ing). Nutrition-specific policies and strategies increased, as 
did the inclusion of nutrition objectives and activities in agri-
culture, economic, education, health, water/sanitation/hygiene 
(WASH), and social protection policies and strategies. Col-
lectively, the policies and strategies seek to substantially scale 
up food security; reduce poverty; ensure completion of basic 
education (6 years primary and 3 years secondary); increase 
access to basic health services (prioritizing reproductive, 
maternal, neonatal, child, and adolescent health services); 
achieve open defecation free communities; improve access 
to safe water, improve sanitation, and proper handwashing 
facilities; and increase social safety nets (Adeyemi et al. Forth-
coming). The limited progress in nutrition determinants that 
we found suggests that policy/strategy implementation has 
been slow, insufficient, and/or ineffective. One challenge for 
improving determinants is population growth. Nigeria's popu-
lation increased by more than 60 million people between 2003 
and 2018 (World Bank, 2019). Thus, although prevalence 
of determinants did not improve, actual numbers of people 
served increased. In fact, growth in improved sanitation was so 
much slower than population growth that numbers of people 
lacking improved sanitation increased by 70 million between 
1990 and 2015 (FMWR, 2016). It would be important to 
assess how policy implementation changed in Nigeria over 
the 2003 to 2018 period and understand reasons why improve-
ments in nutrition determinants are limited.

The fifth key finding is that just a small percent of chil-
dren was concurrently benefitting from improvements 
in multisectoral stunting determinants. Stunting occurs 
from interactions among inadequate food, health, and care 
(Black et al., 2008, 2013). Yet, the implications of this fact 
for stunting reduction efforts are often overlooked. Specifi-
cally, stunting reduction requires that multisector nutrition 
determinants are simultaneously addressed (Humphrey et al., 
2015; Husseini et al., 2018; Remans et al., 2011). Our study 
highlights that the majority of children in Nigeria, includ-
ing non-stunted children, are neither receiving the full range 
of health sector determinants nor multisector determinants. 
While our study has focused on stunting, linear growth retar-
dation goes beyond stunting and is a much larger problem. 
Thus, increasing coverage of multisector determinants for 
all children, regardless of their stunting status, should be 
a focus of development efforts (de Onis & Branca, 2016; 
Leroy & Frongillo, 2019; Perumal et al., 2018). Though 
implementing integrated programmes that deliver multi-
sectoral interventions is one way to increase such coverage, 
concurrently targeting the same subpopulations with various 
sectoral interventions (co-location) can also achieve success 
(Heidkamp et al., 2021; Levinson et al., 2013).

4.2  Implications of findings for future efforts 
to address stunting

Nigeria’s National Policy on Food and Nutrition (MBNP, 
2016) aims to reduce stunting among children under five to 
18% by 2025. Our analysis indicates that eliminating geo-
political disparities in 9 indicators by 2025 has the potential 
to move Nigeria substantially towards this goal. While it is 
encouraging that some geopolitical zones have reached tar-
get intervention levels, gaps between 2018 and desired lev-
els are wide for high stunting burden zones. Nigeria would 
have to, within 7 years, scale up interventions far beyond 
progress achieved in the 15 years from 2003 to 2018, and 
vis-à-vis population growth. Scale-up will also have to hap-
pen concurrently across several sectors in each location. Of 
the 9 determinants identified, the determinants that must be 
scaled-up or maintained across zones and in states within 
zones vary (based on current prevalence of these determi-
nants), indicating necessity for nuanced intervention delivery 
approaches. Although state-specific challenges to scale-up 
and convergence of intervention delivery exist, stakeholders 
interviewed as part of Nigeria Stories of Change study prof-
fered several recommended actions. Moreover, the National 
Committee on Food and Nutrition, through oversight pro-
vided by the Vice President of Nigeria, recently commit-
ted to a common results framework for nutrition (Adeyemi 
et al. Forthcoming). This commitment offers opportunities 
for strategic targeting and scale-up of interventions, if fol-
lowed through with effective implementation.

4.3  Study limitations and research gaps

Strengths of our study included the analysis of multiple 
NDHS rounds covering a period of significant change in 
HAZ/stunting with variation in performance across regions. 
The approach agnostically explores different predictors of 
stunting reduction and can assess which factors might have 
retrospectively driven stunting change, and which could 
drive faster change in the future. The study also elucidates 
how multisectoral actions are required to achieve faster 
reductions in stunting in Nigeria.

Still, our study had some limitations. NDHS collects cross-
sectional data, so our analysis could not allow for time-lag 
of effects or temporality. Also, our study predicted 50% and 
45% of actual declines in stunting and severe stunting, respec-
tively, indicating that variables not included in our model 
were responsible for other proportions of stunting decline, 
or that measurement error or misspecification are significant 
problems (indeed, concerns about the quality of NDHS data 
are widespread – Fayehun et al., 2020; Larsen et al., 2019; 
Perumal et al., 2020). Determinants of stunting that were 
not included in our study due to data limitations include 
child dietary intakes, maternal dietary intakes and nutrition 
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indicators such as micronutrient status and gestational weight 
gain (Accrombessi et al., 2018; Black et al., 2008, 2013), birth  
weight and length (Danaei et al., 2016; Svefors et al., 2019), food 
security (Black et al., 2013), aflatoxin exposure (Khlangwiset  
et al., 2011; Smith et al., 2015; Vilcins et al., 2018), envi-
ronmental enteric dysfunction and hygiene (Humphrey  
et al., 2015), solid fuel use (Danaei et al., 2016; Vilcins  
et al., 2018), and women’s time availability and resource con-
trol (Johnston et al., 2018; Shroff et al., 2009; Vir, 2016).

Limited information exists about prevalence of non-
NDHS stunting determinants in Nigeria, but available evi-
dence indicates that the situation with these determinants is 
poorer in higher burden zones. Besides, prevalence of under-
nourishment nearly doubled from 2004–2006 to 2017–2019, 
and moderate/severe food insecurity increased (Ecker et al., 
2020; FAO et al., 2020). In fact, Ecker et al. (2020) report 
that Nigeria’s chief barrier to improved nutrition is poor diet 
quality. Apart from unincluded determinants, data limita-
tions also caused our study to use some imprecise indicators. 
For instance, we measure water and sanitation improvements 
using drinking water source and open defecation. However, 
these variables do not capture measures of sanitation such 
as exposure to animal droppings.

Additional work needs to identify determinants of stunting 
changes in Nigeria beyond findings in our study, given the mag-
nitude of unexplained stunting reduction, as well as the inability 
to explain the differences in stunting reduction between Jigawa 
and Kaduna State. Also, our study assumed stable coefficients 
across location-specific subpopulations. Other studies (Amare 
et al., 2018) found significant geopolitical zone differences in 
the magnitude of coefficients, most affecting zones with the 
worst NDHS data quality (Fayehun et al., 2020). It is unclear 
whether coefficient differences are real or a product of poor 
data quality. Improving data quality of Nigeria surveys is con-
sequently crucial for further efforts to understand and accel-
erate progress in stunting reduction. Also, southern zones 
have largely achieved target coverage of stunting predictors 
included in the projected analysis. Yet, prevalence of stunting 
in these zones (18% to 25%) is at medium to high levels based 
on authoritative thresholds (de Onis et al., 2019), emphasizing 
the importance of location-specific studies.

5  Conclusions

Nigeria is a high stunting burden country that is not on track 
to meet global stunting reduction targets. This paper sought to 
understand how stunting and stunting determinants in Nigeria 
have changed over time and explain the slow stunting reduc-
tions. Overall, the study found that the limited progress in 
linear growth and stunting reduction among children under 
five in Nigeria has been associated with limited improvement 
in key stunting determinants. Even where improvements have 

occurred, coverage levels of determinants are still subopti-
mal. There were wide variations in the levels of determinants 
and changes in determinant coverage over time across vari-
ous subpopulations. Our study identified nine multisectoral 
determinants that could potentially lead to achievement of 
half of national 2025 stunting reduction goals, if adequately 
improved. Determinants to be improved are location-specific, 
signifying the need for nuanced nutrition implementation deci-
sions, rather than templates based on aggregated national data.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s12571- 022- 01279-8.

Authors' contributions All authors contributed to the study concep-
tion and design. Data analysis was performed by Olutayo Adeyemi, 
Mariama Touré and Derek Headey. The first draft of the manuscript 
was written by Olutayo Adeyemi and all authors commented on pre-
vious versions of the manuscript. All authors read and approved the 
final manuscript.

Funding This work was supported, in whole, by the Bill and Melinda 
Gates Foundation Grant OPP1170621 to the Transform Nutrition West 
Africa Research Consortium led by the International Food Policy 
Research Institute. Under the grant conditions of the Foundation, a 
Creative Commons Attribution 4.0 Generic License has already been 
assigned to the Author Accepted Manuscript version that might arise 
from this submission.

Declarations 

Ethics approval As part of a larger study on Stories of Change in 
Nutrition in Nigeria, approval was obtained from the Nigeria National 
Health Research Ethics Committee and the Institutional Review Board 
of the International Food Policy Research Institute. The procedures 
used in this study adhere to the tenets of the Declaration of Helsinki.

Conflicts of interest The authors declared that they have no conflict 
of interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Accrombessi, M., Zeitlin, J., Massougbodji, A., Cot, M., & Briand, 
V. (2018). What do we know about risk factors for fetal growth 
restriction in Africa at the time of sustainable development goals? 
A scoping review. Paediatric and Perinatal Epidemiology, 32(2), 
184–196.

1008 O. Adeyemi et al.

https://doi.org/10.1007/s12571-022-01279-8
http://creativecommons.org/licenses/by/4.0/


1 3

Adekanmbi, V. T., Kayode, G. A., & Uthman, O. A. (2013). Individual 
and contextual factors associated with childhood stunting in Nige-
ria: A multilevel analysis. Maternal and Child Nutrition, 9(2), 
244–259. https:// doi. org/ 10. 1111/j. 1740- 8709. 2011. 00361.x. 
Accessed 15 December 2016.

Adeyemi, O., van den Bold, M., Nisbett, N., & Covic, N. (Forthcom-
ing). How has the enabling environment for nutrition changed in 
Nigeria? Food Security.

Ajieroh, V. (2009). A quantitative analysis of determinants of child 
and maternal malnutrition in Nigeria (NSSP Working Papers 
No. 10). International Food Policy Research Institute (IFPRI). 
http:// ebrary. ifpri. org/ cdm/ ref/ colle ction/ p1573 8coll2/ id/ 15290. 
Accessed 28 December 2018.

Akindele, S. T., Olaopa, O. R., & Obiyan, A. S. (2002). Fiscal Federal-
ism and Local Government Finance in Nigeria: An Examination 
of Revenue Rights and Fiscal Jurisdiction. International Review of 
Administrative Sciences, 68(4), 557–577. https:// doi. org/ 10. 1177/ 
00208 52302 684004

Akombi, B., Agho, K. E., Hall, J. J., Merom, D., Astell-Burt, T., & 
Renzaho, A. M. (2017). Stunting and severe stunting among chil-
dren under-5 years in Nigeria: A multilevel analysis. BMC Pedi-
atrics, 17(1), 1–16.

Akombi, B., Agho, K. E., Renzaho, A. M., Hall, J. J., & Merom, D. R. 
(2019). Trends in socioeconomic inequalities in child undernu-
trition: Evidence from Nigeria Demographic and Health Survey 
(2003–2013). PLOS ONE, 14(2), e0211883.

Alderman, H., & Headey, D. (2017). How important is parental educa-
tion for child nutrition? World Development, 94, 448–464.

Alderman, H., & Headey, D. (2018). The timing of growth faltering has 
important implications for observational analyses of the underlying 
determinants of nutrition outcomes. PLOS ONE, 13(4), e0195904.

Amare, M., Benson, T., Fadare, O., & Oyeyemi, M. (2018). Study of 
the Determinants of Chronic Malnutrition in Northern Nigeria: 
Quantitative Evidence from the Nigeria Demographic and Health 
Surveys International Food Policy Research Institute (IFPRI) 
Working Paper 45 (September 2017). Food and Nutrition Bul-
letin, 39(2), 296–314.

Archibong, B. (2018). Historical origins of persistent inequality in 
Nigeria. Oxford Development Studies, 46(3), 325–347.

Argaw, A., Hanley-Cook, G., De Cock, N., Kolsteren, P., Huybregts, 
L., & Lachat, C. (2019). Drivers of under-five stunting trend in 
14 low-and middle-income countries since the turn of the millen-
nium: A multilevel pooled analysis of 50 demographic and health 
surveys. Nutrients, 11(10), 2485.

Bhutta, Z. A., Akseer, N., Keats, E. C., Vaivada, T., Baker, S., Horton, 
S. E., et al. (2020). How countries can reduce child stunting at 
scale: Lessons from exemplar countries. The American Journal 
of Clinical Nutrition, 112(Supplement_2), 894S-904S.

Black, R. E., Allen, L. H., Bhutta, Z. A., Caulfield, L. E., Onis, M. 
D., Ezzati, M., et al. (2008). Maternal and child undernutrition: 
Global and regional exposures and health consequences. The Lan-
cet, 371(9608), 243–260.

Black, R. E., Victora, C. G., Walker, S. P., Bhutta, Z. A., Christian, 
P., De Onis, M., et al. (2013). Maternal and child undernutrition 
and overweight in low-income and middle-income countries. The 
Lancet, 382(9890), 427–451.

Buisman, L. R., Van de Poel, E., O’Donnell, O., & van Doorslaer, E. 
K. (2019). What explains the fall in child stunting in Sub-Saharan 
Africa? SSM-Population Health, 8, 100384.

Danaei, G., Andrews, K. G., Sudfeld, C. R., Fink, G., McCoy, D. C., Peet, 
E., et al. (2016). Risk factors for childhood stunting in 137 devel-
oping countries: A comparative risk assessment analysis at global 
regional and country levels. PLOS Medicine, 13(11), e1002164.

de Onis, M., Borghi, E., Arimond, M., Webb, P., Croft, T., Saha, K., et al. 
(2019). Prevalence thresholds for wasting, overweight and stunting 
in children under 5 years. Public Health Nutrition, 22(1), 175–179.

de Onis, M., & Branca, F. (2016). Childhood stunting: A global per-
spective. Maternal and Child Nutrition, 12, 12–26.

Development Initiatives. (2017). Global Nutrition Report 2017: Nour-
ishing the SDGs. Development Initiatives.

Ecker, O., Comstock, A., Babatunde, R. O., & Andam, K. S. (2020). Poor 
dietary quality is Nigeria’s key nutrition problem: Feed the Future 
Innovation Lab for Food Security Policy Research Brief 119. Michi-
gan State University. https:// doi. org/ 10. 2499/ p1573 8coll2. 133738

Eze, T. C., Okpala, C. S., & Ogbodo, J. C. (2014). Patterns of inequal-
ity in human development across Nigeria’s six geopolitical zones. 
Developing Country Studies, 4(8), 97–101.

FAO, Ifad, UNICEF, WFP, & WHO. (2020). The State of Food Security 
and Nutrition in the World 2020: Transforming food systems for 
affordable healthy diets. Food and Agricultural Organization of 
the United Nations. https:// doi. org/ 10. 4060/ ca969 2en

Fayehun, O., Ajayi, A. I., Onuegbu, C., & Egerson, D. (2020). Age 
heaping among adults in Nigeria: Evidence from the Nigeria 
Demographic and Health Surveys 2003–2013. Journal of Bioso-
cial Science, 52(1), 132–139.

FMWR. (2016). Partnership for Expanded Water Supply, Sanitation & 
Hygiene (PEWASH). Abuja, Nigeria: Federal Ministry of Water 
Resources (FMWR). http:// www. washp mp. com/ files/ report_ 
file/1_ 583dc 3bf- a67c- 4793- 8b0a- 43a26 01e0b ea. pdf. Accessed 
29 March 2019.

Garrett, J. L., & Natalicchio, M. (2011). Working multisectorally in 
nutrition: Principles practices and case studies. International 
Food Policy Research Institute.

Gillespie, S., Haddad, L., Mannar, V., Menon, P., Nisbett, N., & 
Maternal and Child Nutrition Study Group. (2013). The politics 
of reducing malnutrition: Building commitment and accelerating 
progress. The Lancet, 382(9891), 552–569.

Hanley-Cook, G., Argaw, A., Dahal, P., Chitekwe, S., & Kolsteren, P. 
(2020). Infant and young child feeding practices and child linear 
growth in Nepal: Regression–decomposition analysis of national 
survey data 1996–2016. Maternal and Child Nutrition, 18, e12911.

Hathi, P., Haque, S., Pant, L., Coffey, D., & Spears, D. (2017). Place 
and child health: The interaction of population density and sanita-
tion in developing countries. Demography, 54(1), 337–360.

Headey, D., Heckert, J., Ndiaye, B., Brero, M., Assey, V., & Palloni, 
G. (2019). Accounting for the rapid reduction of child stunting in 
Tanzania over 2005–2016: IFPRI Discussion Paper 1874. Inter-
national Food Policy Research Institute (IFPRI). https:// doi. org/ 
10. 2499/ p1573 8coll2. 133440

Headey, D., & Hoddinott, J. (2015). Understanding the rapid reduction of 
undernutrition in Nepal 2001–2011. PLOS ONE, 10(12), e0145738.

Headey, D., Hoddinott, J., Ali, D., Tesfaye, R., & Dereje, M. 
(2015). The other Asian enigma: Explaining the rapid reduc-
tion of undernutrition in Bangladesh. World Development, 66, 
749–761.

Headey, D., Hoddinott, J., & Park, S. (2017). Accounting for nutri-
tional changes in six success stories: A regression-decomposition 
approach. Global Food Security, 13, 12–20.

Heidkamp, R. A., Piwoz, E., Gillespie, S., Keats, E. C., D’Alimonte, 
M. R., Menon, P., et al. (2021). Mobilising evidence data and 
resources to achieve global maternal and child undernutrition 
targets and the Sustainable Development Goals: An agenda for 
action. The Lancet, 397(10282), 1400–1418.

Hoddinott, J., Alderman, H., Behrman, J. R., Haddad, L., & Horton, S. 
(2013). The economic rationale for investing in stunting reduction. 
Maternal and Child Nutrition, 9, 69–82.

Humphrey, J. H., Jones, A. D., Manges, A., Mangwadu, G., Maluccio, 
J. A., Mbuya, M. N., et al. (2015). The sanitation hygiene infant 
nutrition efficacy (SHINE) trial: Rationale design and methods. 
Clinical Infectious Diseases, 61(suppl_7), S685–S702.

Husseini, M., Darboe, M. K., Moore, S. E., Nabwera, H. M., & Prentice, 
A. M. (2018). Thresholds of socio-economic and environmental 

1009Understanding drivers of stunting reduction in Nigeria from 2003 to 2018: a regression analysis

https://doi.org/10.1111/j.1740-8709.2011.00361.x
http://ebrary.ifpri.org/cdm/ref/collection/p15738coll2/id/15290
https://doi.org/10.1177/0020852302684004
https://doi.org/10.1177/0020852302684004
https://doi.org/10.2499/p15738coll2.133738
https://doi.org/10.4060/ca9692en
http://www.washpmp.com/files/report_file/1_583dc3bf-a67c-4793-8b0a-43a2601e0bea.pdf
http://www.washpmp.com/files/report_file/1_583dc3bf-a67c-4793-8b0a-43a2601e0bea.pdf
https://doi.org/10.2499/p15738coll2.133440
https://doi.org/10.2499/p15738coll2.133440


1 3

conditions necessary to escape from childhood malnutrition: A 
natural experiment in rural Gambia. BMC Medicine, 16(1), 1–9.

Johnston, D., Stevano, S., Malapit, H. J., Hull, E., & Kadiyala, S. 
(2018). Time use as an explanation for the agri-nutrition discon-
nect: Evidence from rural areas in low and middle-income coun-
tries. Food Policy, 76, 8–18.

Kerber, K. J., de Graft-Johnson, J. E., Bhutta, Z. A., Okong, P., Starrs, 
A., & Lawn, J. E. (2007). Continuum of care for maternal new-
born and child health: From slogan to service delivery. The Lancet, 
370(9595), 1358–1369.

Khemani, S. (2001). Fiscal federalism and service delivery in Nigeria: 
The role of states and local governments (pp. 1–14). Nigerian PER 
Steering Committee.

Khlangwiset, P., Shephard, G. S., & Wu, F. (2011). Aflatoxins and 
growth impairment: A review. Critical Reviews in Toxicology, 
41(9), 740–755.

Kohli, N., Nguyen, P. H., Avula, R., & Menon, P. (2020). The role of the 
state government, civil society and programmes across sectors in 
stunting reduction in Chhattisgarh India 2006–2016. BMJ Global 
Health, 5(7), e002274.

Larsen, A. F., Headey, D., & Masters, W. A. (2019). Misreporting month of 
birth: Diagnosis and implications for research on nutrition and early 
childhood in developing countries. Demography, 56(2), 707–728.

Leroy, J. L., & Frongillo, E. A. (2019). Perspective: What does stunt-
ing really mean? A critical review of the evidence. Advances in 
Nutrition, 10(2), 196–204.

Levinson, F. J., Balarajan, Y., & Marini, A. (2013). Addressing malnu-
trition multisectorally: What have we learned from recent interna-
tional experience. UNICEF and MDG Achievement Fund.

Makoka, D., & Masibo, P. K. (2015). Is there a threshold level of maternal 
education sufficient to reduce child undernutrition? Evidence from 
Malawi Tanzania and Zimbabwe. BMC Pediatrics, 15(1), 1–10.

MBNP. (2016). National Policy on Food and Nutrition. Ministry of 
Budget and National Planning (MBNP).

NBS, & UNICEF. (2017). Multiple Indicator Cluster Survey 2016–17: 
Survey findings report. National Bureau of Statistics (NBS) and 
United Nations Children’s Fund (UNICEF).

NPC, & ICF. (2019). Nigeria Demographic and Health Survey 2018. 
National Population Commission (NPC) Nigeria and ICF.

NPC, & ICF International. (2014). Nigeria Demographic and Health 
Survey 2013. National Population Commission (NPC) Nigeria and 
ICF International.

NPC, & Macro, I. C. F. (2009). Nigeria demographic and health sur-
vey 2008. National Population Commission (NPC) [Nigeria] and 
ICF Macro.

NPC, & Macro, O. R. C. (2004). Nigeria Demographic and Health 
Survey 2003. National Population Commission (NPC) Nigeria 
and ORC Macro.

Nwogu, E. C. (2006). Quality of demographic data in Nigeria: Prob-
lems and prospects. Global Journal of Pure and Applied Sciences, 
12(1), 99–106.

Nwosu, E. O., & Orji, A. (2018). A comparative analysis of socioeco-
nomic indicators and child nutritional status in Nigeria’s geopoliti-
cal zones. Child Indicators Research, 11(5), 1677–1698.

Perumal, N., Bassani, D. G., & Roth, D. E. (2018). Use and misuse of 
stunting as a measure of child health. The Journal of Nutrition, 
148(3), 311–315.

Perumal, N., Namaste, S., Qamar, H., Aimone, A., Bassani, D. G., & 
Roth, D. E. (2020). Anthropometric data quality assessment in 
multisurvey studies of child growth. The American Journal of 
Clinical Nutrition, 112(Supplement_2), 806S-815S.

Remans, R., Pronyk, P. M., Fanzo, J. C., Chen, J., Palm, C. A., Nemser, B., 
et al. (2011). Multisector intervention to accelerate reductions in child 
stunting: An observational study from 9 sub-Saharan African coun-
tries. The American Journal of Clinical Nutrition, 94(6), 1632–1642.

Shekar, M., McDonald, C., Okorosobo, T., Subandoro, A., Eberwein, 
J. D., Mattern, M., et al. (2014). Costed plan for scaling up nutri-
tion in Nigeria: Health, Nutrition and Population (HNP) Knowl-
edge Briefs 98286. The World Bank. https:// openk nowle dge. 
world bank. org/ handle/ 10986/ 21808. Accessed 23 January 2021.

Shroff, M., Griffiths, P., Adair, L. S., Suchindran, C., & Bentley, M. 
(2009). Maternal autonomy is inversely related to child stunt-
ing in Andhra Pradesh India. Maternal and Child Nutrition, 
5(1), 64–74.

Smith, L. C., Ruel, M. T., & Ndiaye, A. (2005). Why is child malnutri-
tion lower in urban than in rural areas? Evidence from 36 develop-
ing countries. World Development, 33(8), 1285–1305.

Smith, L. E., Prendergast, A. J., Turner, P. C., Mbuya, M. N., Mutasa, 
K., Kembo, G., & Stoltzfus, R. J. (2015). The potential role of 
mycotoxins as a contributor to stunting in the SHINE trial. Clini-
cal Infectious Diseases, 61(suppl_7), S733-S737.

Svefors, P., Sysoev, O., Ekstrom, E. C., Persson, L. A., Arifeen, S. E., 
Naved, R. T., et al. (2019). Relative importance of prenatal and 
postnatal determinants of stunting: Data mining approaches to the 
MINIMat cohort Bangladesh. BMJ Open, 9(8), e025154.

UNICEF, WHO, & WB. (2021). Levels and trends in child malnutri-
tion: Key findings of the 2021 Edition of the joint child malnutrition 
estimates. United Nations Children’s Fund. https:// www. who. int/ 
 publi catio ns/i/ item/ 97892 40025 257. Accessed 30 November 2021.

Uthman, O. A. (2009). Decomposing socio-economic inequality in 
childhood malnutrition in Nigeria. Maternal and Child Nutrition, 
5(4), 358–367. https:// doi. org/ 10. 1111/j. 1740- 8709. 2009. 00183.x. 
Accessed 15 December 2016.

Vaivada, T., Akseer, N., Akseer, S., Somaskandan, A., Stefopulos, M., 
& Bhutta, Z. A. (2020). Stunting in childhood: An overview of 
global burden trends determinants and drivers of decline. Ameri-
can Journal of Clinical Nutrition, 112, 777S-791S.

Vilcins, D., Sly, P. D., & Jagals, P. (2018). Environmental risk factors 
associated with child stunting: A systematic review of the litera-
ture. Annals of Global Health, 84(4), 551.

Vir, S. C. (2016). Improving women’s nutrition imperative for rapid 
reduction of childhood stunting in South Asia: Coupling of nutri-
tion specific interventions with nutrition sensitive measures essen-
tial. Maternal and Child Nutrition, 12, 72–90.

World Bank. (2019). World Development Indicators: Nigeria. World Bank. 
http:// wdi. world bank. org/ tables. Accessed 28 October 2019.

Olutayo Adeyemi is a Nutrition 
Consultant with agriculture, 
health, social protection, and 
education sector experience. 
Olutayo’s work supports the 
translation of scientific evidence 
into household and community 
impact and includes relevant 
research, contributing to policy 
and strategy development, and 
capacity strengthening of gov-
ernment institutions. She was the 
Principal Investigator for the 
Transform Nutrition West Africa 
Stories of Change in Nutrition 

Study in Nigeria and used quantitative and qualitative data to under-
stand nutrition changes in Nigeria from 2008 to 2019; to support neces-
sary processes for achieving enabling environments and scaling up 
coverage of essential interventions. She is also an Associate Lecturer 
(Adjunct Professor) at the Department of Human Nutrition and Dietet-
ics, University of Ibadan. Olutayo holds a PhD in Nutrition with a 
policy focus from Cornell University.

1010 O. Adeyemi et al.

https://openknowledge.worldbank.org/handle/10986/21808
https://openknowledge.worldbank.org/handle/10986/21808
https://www.who.int/publications/i/item/9789240025257
https://www.who.int/publications/i/item/9789240025257
https://doi.org/10.1111/j.1740-8709.2009.00183.x
http://wdi.worldbank.org/tables


1 3

Mariama Touré is a Research 
Analyst at IFPRI. Mariama is 
involved in the Evidence Synthe-
sis and the Stories of Change 
components of the Transform 
Nutrition West Africa project. 
Her work focuses on identifying 
gaps in maternal, infant, and 
young child nutrition data in 
West Africa, rapid reviews, quan-
titative analyses for nutritional 
change stories. As a research ana-
lyst at IFPRI, she also works on 
various projects in the Poverty, 
Health and Nutrition Division 
(PHND). Mariama holds Mas-

ter’s degrees in Statistics and in Public Economics, with a specialization 
in Health Economics.

Namukolo Covic (PhD) is a Regis-
tered Nutritionist with the Health 
Professions Council of South 
Africa. She is the current Director 
General’s Representative to Ethio-
pia at the International Livestock 
Research Institute (ILRI) where her 
role includes coordinating One 
CGIAR efforts in Ethiopia. From 
2015 to 2021 she was Senior 
Research Coordinator at the Inter-
national Food Policy Research 
Institute, for the CGIAR Research 

Program on Agriculture for Nutrition and Health. Her work has included 
promoting the use of evidence by African Union and Ethiopian Government 
efforts that address food security and nutrition. With a dual background in 
agriculture and nutrition, her expertise straddles the interface of policy, 
dynamics of agriculture and food systems and related interventions, and how 
research could inform the intended impact on nutrition and health outcomes 
for low-middle-income-countries with special focus on Africa. She is a 
capacity strengthening expert with notable strength on bringing together 
different stakeholder groups on common goals. She is a member of the Afri-
can Academy of Sciences Steering Committee on Food and Nutrition 
Security.

Mara van den Bold was 
a Senior Research Ana-
lyst in the Poverty, 
Health and Nutrition 
Division (PHND) at the 
International Food Pol-
icy Research Institute 
(IFPRI) in Washington, 
D.C. from 2012 to 2021. 
At IFPRI, her research 
mostly focused on exam- 
ining the impacts of 
nutrition-sensitive agri-
culture programs on 
nutrition and gender- 

related outcomes, as well as carrying out mixed methods research on 
the drivers of nutrition change in a variety of settings. Her work primar-
ily fell under several large research consortia, including Transform 
Nutrition, Leveraging Agriculture for Nutrition in South Asia 
(LANSA), and Transform Nutrition West Africa. Mara holds an MSc 
in Anthropology and Development from the London School of Eco-
nomics and Political Science (LSE) and a BA in Anthropology and 
Latin American & Caribbean Studies from Union College. She is cur-
rently pursuing a PhD in Geography at Clark University in Worcester, 
Massachusetts.

Nicholas Nisbett is a Senior 
Research Fellow at the Institute 
of Development Studies, where 
he works on nutrition politics, 
equity and policy processes, com-
munity level drivers of nutrition, 
social accountability and theoreti-
cal approaches to food systems. 
He has researched, taught and 
consulted for a range of interna-
tional and government organisa-
tions, including UNICEF, WFP, 
and the UK and Irish Govern-

ments. Prior to joining IDS, Nisbett spent five years working for the UK 
government, where he led teams on agricultural trade policy, agricultural 
policy reform and land and marine-based natural resource management. 
Dr. Nisbett trained originally as an anthropologist and a geographer and 
holds a PhD in Development Studies.

Derek Headey is a Senior Research 
Fellow in the Poverty, Health and 
Nutrition Division at the Interna-
tional Food Policy Research Insti-
tute. A development economist, 
his research chiefly focuses on 
agricultural development and 
nutrition, though he also works on 
economic growth, food security 
and poverty reduction issues. He 
is the principal investigator for the 
Advancing Research on Nutrition 
and Agriculture (ARENA, 2013-
2021), funded by the Bill and 
Melinda Gates Foundation. He 
has published in a variety of jour-
nals in economics, agriculture, 
and public health. He also coau-

thored a widely cited book on the global food crisis with Shenggen Fan 
in 2010, and several journal articles on the cause and consequences of 
higher food prices. He has lived and worked in India and Ethiopia and 
joined the Myanmar Agricultural Policy Support Activity in October 
2019. He received his PhD in Economics from the University of Queens-
land, Australia, in 2008.

1011Understanding drivers of stunting reduction in Nigeria from 2003 to 2018: a regression analysis


	Understanding drivers of stunting reduction in Nigeria from 2003 to 2018: a regression analysis
	Abstract
	1 Introduction
	2 Materials and methods
	2.1 Hypothesized drivers of changes in growth outcomes
	2.2 Data
	2.3 Data analyses
	2.3.1 National level
	2.3.2 Geopolitical zone level
	2.3.3 State level
	2.3.4 Projection analysis


	3 Results
	3.1 National level
	3.2 Geopolitical zone level
	3.3 State (Kaduna and Jigawa) level
	3.4 Potential determinants of future stunting reduction in Nigeria (2018–2025)
	3.5 Model specification

	4 Discussion
	4.1 Contributions to knowledge about stunting drivers in Nigeria
	4.2 Implications of findings for future efforts to address stunting
	4.3 Study limitations and research gaps

	5 Conclusions
	References




