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Abstract

Background: Wasting and stunting, physical growth manifestations of child undernutrition, have historically been
considered separately with distinct interventions at the program, policy, and financing levels despite similar risk
factors, overlapping burdens and multiplicative risk of death when the conditions are concurrent. The aim of this
study was to elucidate shared risk factors and the temporal relationship between wasting and stunting among
children under 2 years of age in rural Niger.

Methods: From August 2014 to December 2019, anthropometric data were collected every 4 weeks from 6 to 8
weeks to 24 months of age for 6567 children comprising 139,529 visits in Madarounfa, Niger. Children were defined
as wasted if they had a weight-for-length Z-score < — 2 and stunted if they had a length-for-age Z-score < — 2 using
the 2006 World Health Organization child growth standards. Parental, child, and socioeconomic risk factors for
wasting and stunting at 6 and 24 months of age and the relationship between episodes of wasting, stunting and
concurrent wasting-stunting were assessed using general estimating equations.

Results: Half of children (50%) were female, and 8.3% were born low birthweight (< 2500 g). Overall, at 24 months
of age, 14% of children were wasted, 80% were stunted and 12% were concurrently wasted-stunted. We found that
maternal short stature, male sex, and low birthweight were risk factors for wasting and stunting at 6 and 24
months, whereas higher maternal body mass index and household wealth were protective factors. Wasting at 6
and 24 months was predicted by a prior episodes of wasting, stunting, and concurrent wasting-stunting. Stunting at
6 and 24 months was similarly predicted by prior episodes of stunting and concurrent wasting-stunting at any prior
age but only by prior episodes of wasting after 6 months of age.

Conclusions: These data support a complex and dynamic bi-directional relationship between wasting and stunting
in young children in rural Niger and an important burden of concurrent wasting-stunting in this setting. Further
research to better understand the inter-relationships and mechanisms between these two conditions is needed in
order to develop and target interventions to promote child growth.

* Correspondence: sheila.isanaka@epicentre.msf.org

'Department of Nutrition, Harvard T. H. Chan School of Public Health,
Boston, USA

’Department of Global Health and Population, Harvard T. H. Chan School of
Public Health, Boston, USA

Full list of author information is available at the end of the article

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, 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://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-021-11689-6&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:sheila.isanaka@epicentre.msf.org

Kohlmann et al. BMC Public Health (2021) 21:1713

Page 2 of 9

Trial registration: ClinicalTrials.gov Identifier: NCT02145000.

Keywords: Wasting, Stunting, Concurrence, Undernutrition, Growth, Child, Niger

Background

The anthropometric measurement of children has been
broadly used to identify two distinct manifestations of
child under-nutrition. Wasting, defined by a low weight-
for-length Z score (WLZ), is considered an indicator of
acute undernutrition that is amenable to treatment and
has long been the focus of humanitarian interventions
that aim to reduce the immediate risk of death associ-
ated with wasting. Stunting, defined by a low length-for-
age Z score (LAZ), is an indicator of chronic undernutri-
tion and has traditionally been the focus of development
organizations that seek to monitor linear growth falter-
ing. These two forms of under-nutrition constitute a
significant public health burden worldwide, with ap-
proximately 7% of children under-five wasted and 22%
stunted in 2020 [1].

Wasting and stunting can co-exist in the same setting
and occur within the same child [2]. Both manifestations
of acute and chronic undernutrition share common risk
factors, including infection, poor infant and young child
feeding practices, inadequate diet and food insecurity,
and poor maternal health and nutrition [3]. There is
growing evidence of an inter-relationship between wast-
ing and stunting, such that being wasted may increase
the risk of subsequent stunting and vice versa [4, 5]. Im-
portantly, evidence suggests that children with both
wasting and stunting are at a greatly elevated risk of
death [6]. Despite the potential for inter-relationships
and common risk factors, academic research, programs,
and policies have traditionally focused on treating wast-
ing or preventing stunting in isolation [7, 8].

To better understand the relationship between wasting
and stunting, we examined risk factors for wasting and
stunting and assessed the temporal relationship between
wasting and stunting over time using a longitudinal birth
cohort in rural Niger.

Methods

Study setting

This study was conducted in the rural Madaraounfa
Health District in the Maradi Region of south-central
Niger. Niger has high levels of child mortality and is one
the poorest countries in the world, ranking 189 out of
189 on the Human Development Index in 2018 [9]. The
Maradi Region has the second highest under-five mor-
tality in Niger with 166 deaths per 1000 live births. More
than half (53.5%) of the children in the region are
stunted and 19% are wasted at any given time [10]. The
region is largely characteristic of the semi-arid Sahel.

Household food production is linked to rain-fed agricul-
ture, where staple crops such as millet and sorghum are
harvested once per year. Each year, the decrease in food
quantity and quality experienced in the months preced-
ing the harvest and the concurrent increase in infectious
illness, including diarrhea, pneumonia, and malaria, are
associated with a seasonal increase in acute malnutrition
among children under 5 years of age.

Study design and population

We used prospective data from a double-blind, placebo-
controlled, randomized controlled trial assessing the effi-
cacy and safety of a bovine rotavirus pentavalent vaccine
against severe rotavirus gastroenteritis (ClinicalTrials.gov
Identifier: NCT02145000). Details of the parent study,
including study enrollment, inclusion and exclusion cri-
teria and study procedures have been described in detail
elsewhere [11]. Briefly, in the parent study, a total of
6567 healthy infants were randomized to receive three
doses of either vaccine or a placebo at 6, 10 and 14
weeks of age. Study children were followed on a weekly
basis until 2 years of age to identify episodes of gastro-
enteritis, with scheduled growth monitoring conducted
every 4 weeks. At enrollment into the trial, maternal an-
thropometry and household data were collected. Birth-
weight was attempted to be collected for all children
within 72 h of birth. The parent trial included a nested,
cluster randomized sub-study designed to test the effect
of prenatal nutritional supplements on infant immune
response [12]. Written informed consent was obtained
from each mother and the child’s parent or legal
guardian.

Statistical analysis
Anthropometric indices were calculated according to the
2006 WHO growth standards [13]. Extreme values (<- 6
or > 6) were excluded. Wasting was defined as WLZ < -2,
and stunting as LAZ<-2. As concurrent wasting-
stunting has been increasingly recognized as an import-
ant issue and associated with an even higher increased
risk of death than wasting or stunting alone [14], we fur-
ther considered concurrent wasting-stunting (hereafter
referred to as concurrence), defined as simultaneous
WLZ < -2 and LAZ < -2. Child, parental, and household
characteristics of the study population were described
using means and standard deviations for continuous var-
iables and as percentages for categorical variables.

We described the prevalence of wasting, stunting, and
concurrence using age-specific proportions by month
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from 6 to 8 weeks to 2 years of age, in the total popula-
tion and by low birthweight status (< 2500 g) in the sub-
sample of children for whom birthweight data was avail-
able. To identify predictors of wasting, stunting, and
concurrence at 6 and 24 months of age, we considered
child, parental, and household characteristics as poten-
tial risk factors using generalized estimating equations
(GEE) with an independent correlation matrix and the
log link to produce relative risk estimates and robust es-
timators of variance. To better understand the temporal
relationship between episodes of wasting, stunting and
concurrence, we used GEE models to examine the asso-
ciation of episodes of stunting, wasting, and concurrence
at any prior age with the risk of being subsequently
wasted or stunted at 6 and 24 months. In all analyses, we
considered potential confounding by child sex, season of
birth (lean season: June to October vs harvest season:
November to May), season of visit (lean season: June to
October vs harvest season: November to May), breast-
feeding status, maternal literacy, paternal literacy, mater-
nal short stature (< 155 cm), maternal body mass index
(BMI), low maternal mid-upper arm circumference
(MUAC,< 22 cm), maternal age, number of children
under five in the household, whether the household was
from a nomadic pastoralist tribe (Fulani or Tuareg vs
Hausa or other), and household wealth (index con-
structed using principal components analysis of 10 items
describing asset and livestock ownership, and housing
quality). Final multivariate analyses were adjusted for
any characteristic with a significant univariate associ-
ation with the outcome at P < 0.2. Statistical analysis was
carried out in Stata/IC version 15.1 (StataCorp LP, Col-
lege Station, TX).

Results

A total of 6567 children with 139,529 growth monitoring
visits were included in the analysis. Fifty percent of the
children in the study were female, 39.8% were born dur-
ing the lean season (June to October), and 8.3% of in-
fants were born low birthweight (<2500g) (Table 1).
Mothers were on average 27 years old with a mean (SD)
height of 157 (5.9) cm and a mean (SD) BMI of 22.0
(2.9) kg/m2 at the time of child enrolment into the trial.
Less than half (46%) of households had access to im-
proved sanitation, but the majority (91%) had access to
an improved water source.

We evaluated the prevalence of wasting, stunting,
and concurrence of wasting and stunting from 6 to 8
weeks to 2 years of age (Fig. 1, Panel A). The preva-
lence of wasting was lowest for the first 6 months
(5-10%), before increasing to 14-16% from 9 to 18
months, decreasing to 11-12% from 19 to 23 months
of age, and then increasing again to 14% at 24
months.  Stunting prevalence more consistently
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increased over time from 17% at 6 weeks to 80% at
24 months of age. The prevalence of concurrence of
wasting and stunting increased over time, peaking at
15 months of age (12.5%), following the trends in
wasting prevalence. The prevalence of stunting was
consistently higher among low birthweight infants
compared to non-low birthweight infants throughout
follow-up, whereas the prevalence of wasting and con-
currence of wasting and stunting both emerged higher
among low birthweight infants as compared to non-
low birthweight infants after approximately 10 months
of age (Fig. 1, Panel B).

We also examined parental, child, and socioeconomic
risk factors for wasting and stunting at 6 and 24 months
of age (Table 2). Maternal short stature was a common
risk factor and household wealth a common protective
factor for child wasting at both 6 and 24 months of age.
Further, higher maternal age was associated with in-
creased risk of wasting at 6 months of age, while being
born in the lean season decreased the risk for wasting at
6 months of age. In contrast, being born in the lean sea-
son increased the risk of wasting at 24 months of age.
Other factors that were associated with increased risk of
wasting at 24 months of age included being interviewed
in the lean season and being breastfed. In addition,
higher maternal BMI decreased the risk of wasting at 24
months.

Risk factors for stunting at 6 and 24 months of age in-
cluded male sex and maternal short stature, whereas
protective factors included higher maternal BMI and
higher household wealth. Breastfeeding also increased
the risk of stunting at 24 months of age.

In the sub-sample where birthweight data was avail-
able, we found that low birthweight (<2500 g) was as-
sociated with increased risk of wasting at 6 and 24
months of age (RR=1.48 (95%CIL: 1.11-1.97) and
RR=1.36 (95%CI: 1.07-1.72),respectively), stunting at
6 and 24 months of ae (RR=2.05 (95%CI: 1.87-2.24)
and RR=1.16 (95%CIL: 1.12-1.20), respectively), and
concurrence at 6 and 24 months (RR=2.16 (95%CI:
1.40-3.32) and RR=149 (95%CL: 1.17-1.91),
respectively).

We finally explored the temporal relationship of wast-
ing and stunting in the cohort (Table 3). We found that
wasting at 6 and 24 months was consistently predicted
by wasting, stunting, and concurrence at from 2 to 21
months of age. The only exceptions were that wasting at
2 months of age and concurrence at 2 and 4 months of
age were not significantly associated with wasting at 24
months of age. The risk of stunting at 6 and 24 months
was consistently predicted by stunting and concurrence
from 2 to 21 months of age, but only prior episodes of
wasting after 6 months of age predicted stunting at 24
months of age.
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Table 1 Description of child, maternal and household characteristics of study participants

Characteristics

Percent (n) or Mean (SD)
(N =6567)

Child Characteristics
Female
Birth during lean season (June-October)
Low birthweight (< 2500 g)
Vaccine trial arm
Vaccine
Placebo
Maternal Characteristics
Mother literate
Maternal height, cm
Maternal age, years
Maternal MUAC, cm
Maternal BMI, kg/m?
Household Characteristics
Improved sanitation in household®
Improved water in household®
Number of children under 5y in household
One child
Two children
Three children

> Four children

50.0% (3279)
39.8% (2614)
8.3% (460)

51.5% (3379)
48.5% (3188)

32.9% (2161)
1573 (= 5.9)
26.7 (+£6.6)
26.1 (x2.6)
220 (29

46.6% (3060)
91.1% (5980)

12.8% (841)

42.0% (2755)
22.5% (1480)
22.7% (1489)

fImproved sanitation was defined as using flush toilets, improved pit latrines, or simple latrines with slabs
Plmproved water sources included piped running water, cased wells, and protected dug wells

Discussion

This analysis used longitudinal data from a large cohort
of children in rural Niger to explore the relationship be-
tween child wasting, stunting, and concurrent wasting-
stunting during the first 2 years of life. The prevalence
of stunting was 80% by 24 months of age and the preva-
lence of wasting was highest at 16% at 11 months of age.
We determined that maternal short stature, male sex,
and low birth weight were shared risk factors for wasting
and stunting at 6 and 24 months of age, whereas higher
maternal BMI and higher household wealth were com-
mon protective factors. We also found that prior stunt-
ing and concurrence of stunting and wasting increased
the risk of subsequent wasting and stunting. Prior epi-
sodes of wasting at any age also predicted subsequent
wasting, but only prior episodes of wasting after 6
months of age were associated with increased risk of
subsequent stunting.

The age-specific patterns of the prevalence of wasting
and stunting in our cohort were aligned with data from
other low- and middle-income countries. Schoenbuch-
ner et al. found an increase in wasting prevalence peak-
ing around 1 year before decreasing slightly in the
Gambia [5, 15], similar to our observation that wasting

prevalence peaked and remained high from 9 to 18
months of age. We also saw a steady increase in stunting
prevalence over the first 2 years of age, which was also
described by longitudinal cohorts in the Gambia, India
and Guatemala, a pooled analysis of 7 African countries,
and global data from cross-sectional demographic health
surveys [3, 5, 15, 16]. By 2 years of age, 80% of the chil-
dren in our study were stunted, which is higher than na-
tional estimates for Niger [17]. However, the high rate of
concurrent wasting and stunting were similar to that re-
ported using nationally representative survey data from
Niger (8, 95%CI 7.2-8.9%) [2]. We found the prevalence
of concurrent wasting and stunting gradually increased
until 15 months of age before decreasing again, following
the trend in wasting prevalence. We do note, however,
that in addition to age patterns, greater understanding of
the onset or incidence of these conditions should also
inform the timing of effective preventive interventions.
Recent pooled analysis of longitudinal cohorts in low-
and middle-income settings showed that, in contrast to
age-specific prevalence data, both wasting and stunting
incidence were in fact highest between birth and age 3
months, new evidence that underscores the need for
early intervention [16, 18].
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Fig. 1 Wasting, stunting and concurrent wasting-stunting prevalence from 6 to 8 weeks up to 24 months of age. Panel A depicts growth
outcomes of the entire study population. Panel B depicts growth outcomes by low birthweight status for the sub-sample of children with
birthweight data. WHO growth standards (2006) were used to calculate Weight-for-Length Z-score (WLZ) and Length-for-Age Z-score (LAZ) for
ages 1 to 24 months. Wasting was defined as WLZ < -2 SD, stunting as LAZ <-2 SD, and concurrence as simultaneous WLZ < -2 and LAZ < -2
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We examined risk factors for wasting and stunting at
6 and 24 months and found that low birth weight was
associated with increased risk of wasting, stunting, and
concurrence during the first 2 years of life. This finding
is consistent with prior studies from Africa and Asia
[19-23]. Previous reports estimate as much as 30% of
childhood wasting and 20% of stunting originate in the
fetal period [24], while a large pooled analysis of the
causes of child growth failure similarly concluded that
maternal, prenatal, and at-birth characteristics were the
strongest predictors of growth failure among children in
low- and middle-income countries [25]. The association
between low birthweight and future growth outcomes in
this analysis underscores the importance of pre-
pregnancy and pregnancy interventions to reduce the
risk of child wasting and stunting.

Our findings also highlight the importance of maternal
nutritional status (stature) in predicting the risk of both
wasting and stunting, which is in agreement with the re-
sults of several other studies [19, 20, 23, 25-28]. In our
study, maternal short stature increased the risk of stunt-
ing at both 6 and 24 months, which is potentially

mediated through an increased risk of prematurity and
fetal growth restriction [29, 30]. Nevertheless, a recent
analysis of 35 longitudinal cohorts in 15 low- and
middle-income countries determined that birth out-
comes only partially mediated the relationship between
maternal stature and BMI and child linear growth and
therefore other mechanisms are possible [25]. The au-
thors therefore suggested that maternal nutritional status
may also affect postnatal growth through breastmilk
quality, or reflect family poverty, genetics, or lifestyle/
diet. Similar to other studies, we also found that being
male and being currently breastfed were associated with
an increased risk of wasting and stunting [19, 23, 31,
32]. Unlike some of the previous literature, we did not
find that maternal education was associated with the risk
of wasting or stunting at 6 or 24 months of age [19, 23].
This, however, could be due to the limited variability in
this factor in our population: 77% of mothers were
illiterate.

We also found that prior wasting was a risk factor for
subsequent stunting with the magnitude of the risk of
stunting generally similar with episodes of wasting after
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Table 2 The association between child, parental, and household characteristics with the risk of wasting and stunting at 6 months

and 24 months

Wasting at 6 months

Wasting at 24 months

Stunting at 6 months Stunting at 24 months

(n = 4990) (n = 5334) (n =4987) (n =5333)
RR (95%ClI) aRR RR (95%Cl) aRR RR (95%Cl) aRR RR (95%Cl) aRR
(95%Cl) (95%Cl) (95%Cl) (95%Cl)
Child characteristics
Female 0.95 (0.81- 0.70 (061- 0.70 (061- 080 (0.74- 079 (0.74- 091 (0.88- 0.90 (0.88-
1.13) 0.80) ** 0.80) ** 0.86) ** 0.86) ** 0.93) ** 0.93) **
Lean season birth 0.58 (048- 063 (049- 137 (1.20- 1.19(1.02- 1.03(095- 1.00 (0.97-
0.70)** 0.82) ** 1.56) ** 1.38) * 1.11) 1.02)
Lean season visit 152 (129- 111088 139(1.22- 125(1.08- 0.96 (0.89- 0.99 (0.96—
1.81)%* 1.40) 1.59) ** 1.45) ** 1.04) 1.01)
Currently breastfed 0.72 (0.29- 1.35(1.09-  1.33 (1.08- 1.30(0.72- 111 (1.07- 111 (1.07-
1.80) 1.66) ** 1.64) ** 2.36) 1.15) ** 1.15) **
Parental Factors
Mother literate 0.90 (0.75- 081 (0.70- 089 (0.76- 096 (0.89— 096 (093- 097 (0.94-
1.09) 0.94)** 1.05) + 1.05) 0.99) ** 1.01) +
Father literate 091 (0.76~ 088 (0.77- 099 (085- 091 (0.84- 095 (0.88- 097 (095~ 1.00(0.97-
1.07) 1.01) + 1.15) 0.98) * 1.02) + 1.00) * 1.03)
Mother short stature (< 155 cm) 1.15(096- 118 (099- 1.18(1.03- 123(1.07- 148(138- 149(1.38- 1.19(1.16- 120 (1.17-
137) + 141) + 1.36) * 141) ** 1.60) ** 1.61) ** 1.22) ** 1.23) **
Maternal BMI at enrollment (per 0.99 (0.95- 092 (0.89- 093 (090- 097 (09— 097 (096- 099 (098- 0.99 (0.98-
unit increase in kg/m?) 1.02) 0.94) ** 0.95) ** 0.99) ** 0.99) ** 0.99) ** 1.00) **
Maternal MUAC <22 cm 1.28 (0.80- 133 (093- 098 (068- 1.11 (0.89- 1.08 (1.01-  1.00 (0.93-
2.04) 191) + 1.40) 1.38) 1.16) * 1.08)
Maternal Age 1.02 (1.01- 102 (1.01- 1.01 (1.00- 1.00 (0.99- 1.00 (1.00-  1.00 (1.00-
1.03) ** 1.03) ** 1.02) 1.00) 1.00) * 1.00)
Household Factors
Number of children under 5 years in 1.02 (0.96- 1.03 (0.98- 1.02 (1.00- 1.04 (1.01-  1.00 (0.99-
household 1.07) 1.08) 1.05) + 1.06) ** 1.01)
Nomadic pastoralist tribe 1.20 (0.81- 145 (1.07- 124(092- 117099~ 1.09(092- 1.06 (099- 1.03 (0.96—
1.80) 1.95) * 1.66) + 140) + 1.30) 1.13) + 1.10)
Household wealth index
Poorest 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Poor 101 (0.79- 099 (0.77- 104 (0.86- 1.05(087- 1.01(091- 098 (0.88- 098 (0.94- 097 (0.94-
1.30) 1.26) 1.25) 1.26) 1.13) 1.10) 1.02) 101) +
Middle 0385 (0.65- 083 (0.64- 096 (0.78- 1.01 (0.83— 095 (0.85- 095 (0.85- 098 (0.94- 0.98 (0.94-
1.10) 1.08) + 1.17) 1.23) 1.07) 1.06) 1.02) 1.02)
Wealthy 0.75 (057- 075 (057- 0.78 (063- 081 (065- 084 (0.74- 085 (0.75- 095 (092- 095 (091-
0.99)* 0.99) * 0.96) * 1.01) + 0.95) ** 0.96) ** 1.00) * 0.99) *
Wealthiest 0.78 (060- 081 (062- 0.74 (0.59- 082 (066- 080 (0.71- 083 (0.74- 091 (087- 092 (0.88-
1.02) + 1.05) + 0.971) ** 1.02) + 0.91) ** 0.94) ** 0.95) ** 0.96) **

**p<0.01,*p<0.05, + p<0.20

6 months of age. Further, the magnitude of the risk of
stunting with prior episodes of wasting was generally
much smaller with greater time between assessments.
This finding is generally consistent with a large pooled
analysis of 35 longitudinal cohorts in 15 low- and
middle-income countries that also reported a consistent,
exposure-response relationship between higher mean
WLZ and faster linear growth velocity in the following 3
months [25]. Richard et al. similarly reported that

wasting at 6-11 months or 12-18 months was associated
with a decreased LAZ at 18-24 months of age, while
more temporally distant wasting that occurred at 0-5
months was not associated with length deficits during
any period up to 24 months [4]. In the Gambia, Schoen-
buchner et al. considered episodes of wasting which oc-
curred 3 months prior and found that wasted children
had 3.2 (95%CI: 2.7-3.9) higher odds of being stunted
when they were 20-24months old than non-wasted
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Table 3 Relationship of prior wasting, stunting, and concurrent wasting-stunting with the risk of wasting and stunting at 6 and 24

months of age

Risk of wasting (Multivariate analysis)

Risk of stunting (Multivariate analysis)

6 months 24 months 6 months 24 months
(N = 4990) (N = 5334) (N = 4987) (N =5333)
aRR (95%Cl) P aRR (95%Cl) P aRR (95%Cl) P aRR (95%Cl) P
Wasted status by age in months
2m 289 (231-3.61) <0.001 1.04 (0.78-1.40) 0.79 1.20 (1.02-1.40) 0.02 0.98 (0.91-1.04) 0.46
4m 536 (4.50-6.39) <0.001 134 (1.04-1.72) 0.02 1.16 (0.99-1.35) 0.06 1.03 (0.98-1.09) 023
6m 6 (1.62-2.37) <0.001 1.09 (1.05-1.14) <0.001
9m 225 (1.93-2.64) <0.001 1.05 (1.01-1.09) 0.02
12m 3.04 (2.62-3.54) <0.001 1.09 (1.05-1.12) <0.001
15m 3.64 (3.16-4.20) <0.001 2 (1.08-1.15) <0.001
18m 391 (3.40-4.50) <0.001 1.09 (1.05-1.13) <0.001
21m 4.24 (3.70-4.85) <0.001 1.09 (1.05-1.13) <0.001
Stunted status by age in months
2m 1.36 (1.10-1.67) <001 1.38 (1.18-1.62) <0.001 261 (2.34-2.81) <0.001 011 23) <0.001
4m 1.32 (1.07-1.61) <001 140 (1.20-1.64) <0.001 361 (3.35-3.89) <0.001 7 (1.24-1.30) <0.001
6m 1.59 (1.37-1.85) <0.001 1(1.28-1.34) <0.001
9m 1.58 (1.34-1.85) <0.001 7 (142-152) <0.001
12m 1.87 (1.55-2.26) <0.001 0 (1.62-1.77) <0.001
15m 2.22 (1.75-2.80) <0.001 233 (216-251) <0.001
18m 216 (1.71-2.73) <0.001 265 (245-2.87) <0.001
21m 1.99 (1.55-2.53) <0.001 4.02 (3.57-4.53) <0.001
Concurrent wasting-stunting status by age in months
2m 3.73 (259-5.37) <0.001 0.94 (0.45-1.97) 0.87 2.18 (1.83-2.60) <0.001 ( ) <0.001
4m 542 (4.10-7.16) <0.001 0.90 (0.44-1.84) 0.77 243 (2.09-2.81) <0.001 ( ) <0.001
6m 1(1.45-2.51) <0.001 ( ) <0.001
9m 259 (2.18-3.08) <0.001 0(1.17-1.23) <0.001
12m 317 (271-3.70) <0.001 ( ) <0.001
15m 3.84 (3.34-4.43) <0.001 ( ) <0.001
18m 3.96 (3.45-4.54) <0.001 ( ) <0.001
21m 4.09 (3.56-4.69) <0.001 ( ) <0.001

The adjusted model for wasting at 6 months controlled for season of birth, season of visit, maternal short stature, maternal age, and household wealth. The
adjusted model for wasting at 24 months controlled for child sex, season of birth, season of visit, breastfeeding status, maternal literacy, paternal literacy, maternal
short stature, maternal BMI, maternal low MUAC, whether the household was from a nomadic pastoralist tribe, and household wealth. The adjusted model for
stunting at 6 months controlled for child sex, paternal literacy, maternal short stature, maternal BMI, number of children in the household, whether household was
from a nomadic pastoralist tribe, and household wealth. The adjusted model for stunting at 24 months controlled for child sex, breastfeeding status, maternal
literacy, paternal literacy, maternal short stature, maternal BMI, maternal low MUAC, maternal age, whether household was from a nomadic pastoralist tribe, and

household wealth

children [5].

Previous studies among malnourished

the relationship of stunting and wasting are unclear,

children also suggest that recovery of linear growth may
be delayed until adequate weight is recovered which
provide further support that proximal episodes of wasting
may contribute to impaired linear growth [33, 34].

Our results also indicate that previous stunting was as-
sociated with increased risk of wasting. Our findings
support earlier research that stunted children aged 17-
21 months had 1.5 (95%CI: 1.3—1.7) higher odds of being
wasted 3 months later [5]. The mechanisms underlying

however, the association of stunting with subsequent
wasting may be mediated through negative influences on
body composition and long-term physiological changes
[35]. Overall, the bi-directional associations between
stunting and wasting observed in our study indicate
a complex inter-relationship between the two forms
of undernutrition and additional research is needed
to elucidate the mechanisms that link stunting and
wasting.
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Our study design and data analysis have several
strengths and limitations. These longitudinal data are
the first to be reported from Niger and allowed us to ob-
tain repeated monthly anthropometric measures on a
large sample of children which provided benefits over
studies that examine age-wise patterns in cross-sectional
surveys. We also collected data on a comprehensive set
of predictors including parental, child and socioeco-
nomic indicators. While this allowed for a comprehen-
sive set of variables to be included in multivariate
analysis, residual confounding from unmeasured covari-
ates cannot be ruled out. One limitation of our study is
that we used only anthropometry to characterize under-
nutrition. Body composition, including lean and fat
tissue was not assessed in the parent trial, which could
have provided further insight into the physiological and
functional inter-relationships of wasting and stunting.
Additionally, there is evidence that gestational age can
influence postnatal growth, however, accurate estimates
of gestational age were not available in this cohort.

Conclusion

Our results support a dynamic inter-relationship be-
tween childhood wasting and stunting in the context of
rural Niger. Importantly, we provide evidence for the bi-
directional association between the two conditions,
where wasting is associated with near-term stunting and
stunting is predictive of wasting. The historical emphasis
placed by policymakers and public health programs on
either wasting or stunting reductions has likely missed
important opportunities and synergies to improve child
nutrition and growth more broadly. Our findings should
motivate research and programs that evaluate integrated
approaches to address wasting and stunting simultan-
eously in order to reduce the substantial burden of child
undernutrition in low-and middle-income countries and
support achievement of global child mortality and sus-
tainable development goals.
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