
HAL Id: hal-03827127
https://ehesp.hal.science/hal-03827127v1

Submitted on 9 Sep 2025

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documentsmay come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaireHAL, est des-
tinée au dépôt et à la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
français ou étrangers, des laboratoires publics ou
privés.

HAL Authorization

Relationship between Stunting, Wasting, Underweight and
Geophagy and Cognitive Function of Children

Michael Mireku, Michel Cot, Achille Massougbodji, Florence Bodeau-Livinec

To cite this version:
Michael Mireku, Michel Cot, Achille Massougbodji, Florence Bodeau-Livinec. Relationship between Stunting,
Wasting, Underweight and Geophagy and Cognitive Function of Children. Journal of Tropical Pediatrics,
2020, 66 (5), pp.517-527. ⟨10.1093/tropej/fmaa009⟩. ⟨hal-03827127⟩

https://ehesp.hal.science/hal-03827127v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr


Relationship between Stunting, Wasting,
Underweight and Geophagy and Cognitive

Function of Children
Michael O. Mireku , MPH, PhD1,2, Michel Cot, MD, PhD,3,4,

Achille Massougbodji, MD,5 and Florence Bodeau-Livinec, MD, PhD,6,7

1School of Psychology, University of Lincoln, Lincoln, UK
2Department of Epidemiology and Biostatistics, School of Public Health, Imperial College London, London W2 1PG, UK

3Mère et Enfant Face aux Infections Tropicales, Institut de Recherche pour le Développement (IRD), Paris, France
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ABSTRACT

Objectives: The aim of this study was to investigate the relationship between anthropometric char-
acteristics and both geophagy and cognitive function of children.
Study design: The study prospectively followed singleton children whose mothers participated in
the MiPPAD clinical trial in Allada, Benin, from birth to age 12 months. Anthropometric measure-
ments were taken at birth and 9 and 12 months. Wasting, stunting and underweight were defined as
weight-for-length, length-for-age and weight-for-age Z-scores less than �2, respectively. Cognitive
and motor functions were assessed using the Mullen Scales of Early Learning. Parent-reported geo-
phageous habits of children were collected when the children were 12 months. Multiple linear and
logistic regressions were used to analyse the data.
Results: A total of 632 children (49.7% girls) were involved in the study. Stunting, wasting and
underweight were observed in 14.1%, 13.6% and 17.7%, respectively, at 9 months and 17.3%, 12.7%
and 17.2%, respectively, at 12 months. The prevalence of geophagy among the children was 48.2%.
Impaired growth at 9 and 12 months was consistently associated with low cognitive and gross motor
(GM) score. Children stunted at 9 months had lower GM scores at 12 months compared with their
non-stunted peers (b ¼ �3.48, 95% confidence interval �6.62 to �0.35).
Conclusions: Stunting, wasting and underweight are associated with cognitive and GM deficits in
infants. In this setting, impaired growth was not associated with geophagy. Further research evaluat-
ing geophagy and growth prospectively and concurrently from birth to 36 months is needed.
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I N T R O D U C T I O N
The physical and intellectual developments of chil-
dren influence their overall development later in
adolescence and adulthood. In many low- and
middle-income countries (LMICs), the proportion
of children who fail to meet growth and develop-
ment milestones remains disproportionately high in
comparison to children in high-income countries
[1]. According to a report by the United Nations
Children’s Fund [2], sub-Saharan Africa and South
Asia account for about 75% of 165 million stunted
children globally; thus, stunting and wasting remain
important public health concerns in LMICs [2]. In
sub-Saharan Africa, approximately 40% of all chil-
dren under the age of 5 years are stunted [2].

Impaired growth in childhood, measured as stunt-
ing or wasting, has been linked with poor cognitive
development and academic performance [3, 4]. In
preschool-aged children, a number of studies have
reported a relationship between stunting and wasting
and suboptimal motor functions, poor non-verbal
reasoning and substandard cognitive development
[5, 6]. In a study among 54- to 60-month-old chil-
dren in rural Ethiopia, stunted children were found
to perform significantly lower in school-readiness
tests compared with non-stunted children [6]. A
similar relationship has been reported in studies
involving children under the age of 5 years. A study
by Casale et al. [7] showed that even 2-year-old
stunted children who recovered by age 5 years still
performed poorer in cognitive tests compared with
their counterparts who were not stunted at age
2 years.

The determinants of suboptimal growth and cog-
nitive development among children living in LMICs
include poverty, limited access to health care and
malnutrition. Although stunting, wasting and under-
weight are commonly used as global indicators for
chronic and acute malnutrition, they often reflect
underlying impaired health among children [8]. In a
recent prospective study by George et al. [9], it was
found that the risk of stunting among children less
than 5 years was twice higher if they were reported
to consume soil, a form of pica called geophagy.
Geophagy is common among children, and the prac-
tice has been associated with increased risk of diar-
rhoea, helminth infection and impaired child growth

[9, 10]; however, very little is known about the inter-
relationship between stunting, cognitive function and
geophagy behaviour among children. Hence, as a part
of a study of the effect of maternal anaemia during
pregnancy on infant cognitive development [11], ge-
ophagy among children was investigated as a poten-
tial source of elevated blood lead levels in children
[12] born in a semi-rural community in Benin. In the
present study, we hypothesized that stunting, wasting
and underweight at 9 and 12 months are independ-
ently associated with the risk of geophagy and poor
cognitive function of 12-month-old children.

M E T H O D S
This study involved singleton children born to HIV-
negative pregnant women who were enrolled in the
MiPPAD clinical trial (NCT00811421) comparing
the efficacy and tolerability of Mefloquine and
Sulfadoxine-Pyrimethamine as intermittent prevent-
ive treatments of malaria [13]. The study was con-
ducted in Allada, a semi-rural community located
50 km to the northwest of Cotonou (Fig. 1). Nine
months after birth, anthropometric data were taken
from surviving children. At age 12 months, singleton
children were invited to participate in a study called
‘Tovi’ that assessed their cognitive function using the
Mullen Scales of Early Learning (MSEL). Blood
samples collected from these children in May 2011
revealed elevated blood lead toxic levels in this chil-
dren, which warranted an investigation into the po-
tential sources of lead among which geophagy in
children was considered [12]. In November 2011,
questionnaires about the nutritional and geophagy
habits of children were administered to all parents
including those whose children had already com-
pleted the MSEL assessment in the past 1–2 years.

Since this is a secondary analysis of an unintended
study investigating the sources of elevated blood lead
levels in children [12], the method below will outline
the sequence of steps that was undertaken from data
collection to statistical analysis.

Weight and gestational age were recorded at
birth. Anthropometric measurements of children
were taken during scheduled clinic visits at 9 and
12 months after their birth. Weight (to the nearest
10 g) and incumbent length (to the nearest 1 mm)
of children were measured using a calibrated
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electronic scale (SECA type 354) and a locally man-
ufactured wooden measuring scale, respectively.
Trained research nurses performed cognitive assess-
ments. Z-scores for the weight-for-length (WLZ),
length-for-age (LAZ) and weight-for-age (WAZ) of
all the children in our study were estimated using the
2006 World Health Organization (WHO) Child
Growth Standards as a reference for each indicator
[14]. Stunted growth was defined as LAZ less than
�2, whereas wasting, a characteristic associated with
acute starvation and/or severe malady, was defined
as WLZ less than �2. Underweight was defined as
WAZ less than �2.

Cognitive assessments and information on the
socio-economic status and conditions of the home
environment were collected during scheduled clinic
visits and home visits when the child was 12 months
old. During the scheduled clinic visit, cognitive and
motor functions were assessed using the MSEL [15].
The MSEL used for this study was a translated ver-
sion [16] that was adapted for this particular setting.
Research nurses were trained on the field to adminis-
ter the MSEL. Quality assurance and reliability were
carried out and have been published elsewhere [16].
The MSEL comprises 5 main scales: the gross motor
(GM), fine motor, visual reception, receptive lan-
guage and expressive language. The raw scores
obtained by children in the different MSEL scales
were transformed to age-normalized (monthly)

scores called the t-scores. T-scores for all but GM
scores were then combined to form the early learn-
ing composite (ELC) score, which is indicative of
early cognitive function. The standardized ELC and
GM scores were considered outcomes indicating
cognitive and motor functions, respectively.

Within 3 days after anthropometric and cognitive
assessments were taken, a different research nurse
visited the child at home. During the home visits,
socio-economic status of the household, maternal
non-verbal intelligence quotient (IQ), postnatal de-
pression and the home environment of the child
were assessed. Maternal non-verbal IQ measured
using Raven’s Progressive Matrices [17], the mater-
nal–child interaction and the growing environment
of the child measured using the Home Observation
Measurement of the Environment inventory [18]
and maternal postnatal depression measured using
the Edinburgh Postnatal Depression Scale [19]. A
sum of scores given to facilities and possessions in
the home of the mother including electricity, car,
motorcycle, television, radio, bicycle and cattle was
used to estimate the family possessions score. Details
of how the scoring was done are published elsewhere
[20].

From November 2011 to May 2013, mothers
were administered questionnaires about nutritional
habits, hand-to-mouth habits and geophagy behav-
iour among children during a home visit. With re-
spect to geophagy behaviour, mothers were asked if
they have seen their children consume earth in the
past month.

Statistical analysis
Double data entry was performed using EpiData 3.1
(Denmark) and verified for coherence. Statistical
analyses were conducted using Stata IC/14.1 for
Mac (StataCorp LP, College station, TX, USA).

Distributional analysis and descriptive statistics
were performed for all variables independently. We
then compared the characteristics of children with
geophagy assessment to those without geophagy as-
sessment at 12 months. Stunting, wasting and under-
weight were considered separately as primary
independent variables, whereas geophagy, standar-
dized ELC and GM scores were considered as the
dependent variables in the analyses. Bivariate

Fig. 1. Map showing the location of Allada (the study
site) in Benin.
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relationships between geophagy, ELC score, GM
score and child and mother characteristics were
assessed, and covariates with p-value less than 0.20
were selected for the multiple regression analysis
(adjusted models).

Linear regression analysis was used to assess the
relationship between stunting, wasting and under-
weight at 9 and 12 months and the ELC and GM
scores in crude (Model I) and adjusted (Model II)
models. Unconditional logistic regression was used
to assess the relationship between stunting, wasting
and underweight and geophagy in crude (Model I)
and adjusted models (Model II). In the adjusted
models, covariates were removed in a stepwise man-
ner if the p-value was greater than 0.05.

The Student’s t-test, Wilcoxon rank-sum test and
chi-squared test were used to compare means,
medians and proportions, respectively. Statistical sig-
nificance was defined as p-value less than 0.05.

Ethical consideration
The ‘Tovi’ study was approved by the institutional re-
view boards of the University of Abomey-Calavi in
Benin and New York University in USA and the
Research Institute for Development’s Consultative
Ethics Committee in France. Informed consent was
sought from every mother in the presence of a witness
at recruitment during the study. Mothers provided
thumbprints to confirm their agreement to participate
in the study if they could not read and write after the
study had been explained to them in a local language.

R E S U L T S
A total of 632 singleton children (49.7% of girls)
were involved in this study. At 9 months, the preva-
lence of stunting, wasting and underweight was
14.1%, 13.6% and 17.7%, respectively (Table 1).
Data on child geophagy at 12 months were only
available for 193 children of whom the prevalence of
parent-reported geophagy was 48.2%. Almost all chil-
dren (99.0%) were being breastfed at 12 months.
Except for maternal education, gestational age, pro-
portion of wasting at 9 months and underweight at
12 months, the characteristics of children who had
geophagy assessment were similar to those who
did not have this assessment at 12 months
(Supplementary Table S1). Figure 2 shows the

prevalence of geophagy among children with and
without impaired growth. The prevalence of geoph-
agy was similar for children with impaired growth at
9 and 12 months except for the underweight group
at 12 months (Fig. 2). The prevalence of parent-
reported geophagy among the 12-month-old non-
underweight children was significantly higher than
that of the underweight children (55.0% vs. 27.3%,
p< 0.05). Although children with impaired growth
at 9 and 12 months had lower ELC scores and com-
ponent scores of the MSEL compared with those
with no impaired growth, this was less so for recep-
tive language (Table 2). Children without impaired
growth consistently scored higher on motor scales
compared with those with impaired growth. As
expected, hand-to-mouth behaviour (not necessarily
ingesting any substance) was significantly common
among geophageous children. Of the sociodemo-
graphic and behavioural characteristics, only hand-
to-mouth behaviour and maternal IQ scores were
associated with geophagy at 12 months (Table 3).

There was no association between any of the indi-
cators of growth impairment at 9 and 12 months and
geophagy at 12 months. This was consistent in crude
and adjusted models. Wasting and underweight at
9 months were associated with lower ELC and GM
scores at 12 months. Children who were stunted at
9 months had lower GM scores at 12 months com-
pared with those who were not stunted at 9 months
[b ¼ �3.48, 95% confidence interval (CI) �6.62 to
�0.35]. A similar inverse relationship was observed
between stunted growth at 9 months and ELC scores
in the adjusted model; however, it was not statistical-
ly significant (p¼ 0.063). Stunted growth and under-
weight at 12 months were associated with worse
cognitive and motor functions (Table 4). Compared
with children who were not wasted at 12 months,
wasted children scored lower on the GM scale
assessments (b ¼ �4.91, 95% CI �8.14 to �1.67).

D I S C U S S I O N
This study reveals a relatively high prevalence of
stunting, wasting and geophagy behaviour among
children in Allada, Benin. From the results, growth
impairments at 9 and 12 months were not associated
with increased risk of geophagy at age 12 months.
Inverse associations between impaired growth and
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cognitive function of children were generally appar-
ent for both impaired growth at 9 and 12 months.
Also, children who were stunted, wasted or under-
weight at 9 and 12 months had worse GM function
compared with their counterparts who were not
stunted, wasted or underweight.

The achievement of linear growth potential by
children is essential for their growth and develop-
ment later in life. According to the WHO, wasting
is deemed critical in a population if the prevalence
equals or exceeds 15%, which is the category our
study population falls [21]. Stunting, wasting and
underweight are indicators of impaired growth po-
tential and are usually caused by malnutrition or
chronic disease [22]. During infancy (0–
24 months), a healthy child experiences rapid
growth not just in physical features but also in brain
development [23]. Thus, impaired maximum
growth velocity due to undernutrition is likely to
lead to impaired brain development and, as a result,
delayed cognitive development. This may explain
the strong association between poor cognitive and
GM functions and stunting in this study. The find-
ings of the present study are consistent with earlier
published studies [24, 25]. Although wasting may

Table 1. Characteristic of study participants

N¼ 632 Number Mean (SD)

Maternal characteristics
Age at first ANV (years) 627 26.0 (5.7)
Family possession scorea 627 5 (3–9)
Maternal IQ scorea 626 15 (13–17)
EPDS scorea 623 8 (5–11)

Educationb

Primary or more 214 33.9
Never schooled 418 66.1

Occupationb

Employed 315 50.2
Housewives 312 49.8

Gravidityb

Multigravida 513 81.8
Primigravida 114 18.2

At birth
Birth weight (kg) 627 3.0 (0.4)

Normal weight (�2500 g)b 566 90.3
Low birth weight (<2500 g)b 61 9.7

Gestational age (weeks) 609 39.7 (2.2)
Not preterm 566 92.9
Preterm 43 7.1

Sex
Girls 314 49.7
Boys 318 50.3

At 9 months
Weight (kg) 618 7.7 (1.1)
Height (cm) 618 69.5 (3.2)
Stunted growth

Yes (LAZ < �2SD) 87 14.1
No (LAZ � �2SD) 530 85.9

Wasted
Yes (WLZ < �2SD) 84 13.6
No (WLZ � �2SD) 533 86.4

Underweight
Yes (WAZ < �2SD) 109 17.7
No (WAZ � �2 SD) 508 82.3

At 12 months
Weight (Kg) 632 8.4 (1.1)
Height (cm) 632 72.6 (3.2)
Stunted growth

Yes (LAZ < �2SD) 109 17.3
No (LAZ � �2SD) 523 82.7

Wasted

(continued)

Table 1. (continued)

N¼ 632 Number Mean (SD)

Yes (WLZ < �2SD) 80 12.7
No (WLZ � �2 SD) 552 87.3

Underweight
Yes (WAZ < �2SD) 109 17.2
No (WAZ � �2SD) 523 82.8

Hand to mouth
Yes 84 43.5
No 109 56.5

Geophagy
Yes 93 48.2
No 100 51.8

Breastfeeding
Yes 620 99.0
No 6 1.0

aValues in the third column are presented as median (inter quartile
range).
bValues in the third column are presented as percentages.
ANV, antenatal care visit.
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not necessarily be indicative of any chronic condi-
tions, such sudden weight loss and its underlying
causes during the most important period of child
development could also impair the cognitive and
motor developments of the child.

The aetiology of impaired growth in children is
multifactorial but, in our population, this is unlikely
due to breastfeeding as 99% of our study were still
being breastfed at 12 months. However, we did not
assess whether breastfeeding was exclusive or partial.
Impaired growth in children as a result of malnutri-
tion or disease could result in decreased glial cell
numbers and problems with cortical dendrite
branching [26, 27]. These neurocognitive insults
could impair the cognitive development and motor
functions of children [28]. However, in our study,
except for stunting at 12 months, we did not notice
any difference in receptive language between chil-
dren with impaired growth and those with normal
growth. Precursors of language development such as
fine and GM gestures begin early in life, but differen-
ces in language reception between children with and
without impairments become apparent later in child-
hood when recognition of everyday words becomes
noticeable [29]. A study in Ecuador found that lan-
guage deficits in children from low SES home
increased from age 36 to 72 months compared with

children from a high SES home [30]. This may ex-
plain why we found no difference in receptive lan-
guage by impaired growth status at 9 and 12 months.

In the present study, we hypothesised that chil-
dren with impaired growth are at high risk of poor
motor function, and as a result, will have less contact
or playtime on the ground and, thus, maybe con-
sume less soil. However, we found no significant as-
sociation between impaired growth (stunting,
wasting and underweight) and geophagy, although
stunting at 9 and 12 months was associated with low
GM scores. The absence of any observed association
between impaired growth and geophagy should be
interpreted cautiously as post hoc power analysis
revealed that we did not have sufficient power to re-
port any association for this particular analysis. The
insufficient power was due to the small sample of
children for whom geophagy was assessed coupled
with the few numbers of children with impaired
growth. Furthermore, hand-to-mouth behaviour is
common among 0- to 24-month-old children [31].
In the current study, the prevalence of hand-to-
mouth behaviour was study similar prevalence to ge-
ophagy. Thus, there could be potential measurement
errors with the assessment of geophagy as mothers
may have reported hand-to-mouth behaviour as ge-
ophagy even when children did not consumed soil.
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FIG. 2. Prevalence of geophagy among children with impaired and normal growth at 9 and 12 months.
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Contrary to our study, the only previous research
on the subject investigated geophagy as a risk factor
of impaired growth including stunting in a sample of
216 children [9]. In the aforementioned study, inves-
tigators found caregiver-reported geophagy to be
associated with increased risk of environmental en-
teropathy and stunting in childhood. The study how-
ever reported no statistically significant relationship
between observed or caregiver-reported geophagy in
children and underweight or wasting [9], results
similar to our findings. In addition to the aforemen-
tioned study considering geophagy as a risk factor,
the study sample was on average older (6 months to
5 years) than those in this study. That notwithstand-
ing, we run post hoc analysis considering geophagy as
risk factor of stunting and wasting to validate the
findings of the aforementioned study and we found

no significant association between stunting or wast-
ing and geophagy. It is however worthy of note that
the authors found that the 6–12 months age group
exhibited the most geophagy behaviour [9]. Later
publication from these authors reported that children
less than 24 months were eight times more likely to
practice geophagy compared with those older than
24 months [32].

Although the present study used longitudinal data
from birth and 9 and 12 months, we did not assess
geophagy habits at 9 months. Our analysis of the re-
lationship between impaired growth measures and
geophagy, therefore, bears the classic limitations of
cross-sectional studies including potential reverse
causality, inability to access temporality and inability
to make causal inferences between the exposures and
outcomes examined. Our study is further limited in

Table 2. Comparison of mean standardized scores of MSEL scales between children with impaired
growth and those without impaired growth

Fine motor Visual reception Language
expression

Language
reception

Early learning
composite

Gross motor

At 9 months (n ¼ 617)
Stunted growth

Yes (LAZ < �2SD) 46.8 (10.6) 48.7 (12.1) 47.3 (12.0) 45.4 (7.4) 95.0 (16.0)** 46.0 (16.1)
No (LAZ � �2SD) 50.3 (9.9)** 50.7 (10.5) 50.0 (10.2)* 46.8 (6.7) 99.3 (13.7) 51.7 (14.1)***

Wasted
Yes (WLZ < �2SD) 45.0 (10.1) 46.1 (11.7) 48.4 (11.1) 45.4 (7.6) 93.0 (16.0) 45.7 (16.0)
No (WLZ � �2SD) 50.6 (9.8)*** 51.1 (10.5)*** 49.8 (10.4) 46.8 (6.7) 99.6 (13.6)*** 51.7 (14.2)***

Underweight
Yes (WAZ < �2SD) 45.9 (10.0) 47.9 (12.1) 47.7 (11.3) 45.8 (7.4) 94.2 (16.4) 46.0 (15.8)
No (WAZ � �2SD) 50.7 (9.9)*** 51.0 (10.4)** 50.1 (10.3)* 46.8 (6.7) 99.6 (13.4)*** 51.9 (14.1)***

At 12 months (n ¼ 632)
Stunted growth

Yes (LAZ < �2SD) 46.2 (9.9) 48.0 (11.7) 46.7 (10.8) 44.8 (5.9) 93.6 (14.2) 44.3 (14.1)
No (LAZ � �2SD) 50.6 (9.9)*** 50.9 (10.6)* 50.3 (10.3)** 47.0 (6.9)** 99.8 (13.9)*** 52.3 (14.2)***

Wasted
Yes (WLZ < �2SD) 47.1 (10.1) 50.8 (10.8) 48.6 (11.3) 46.9 (7.8) 99.2 (13.8) 45.7 (15.0)
No (WLZ � �2SD) 50.3 (9.9)** 47.7 (11.0)* 49.8 (10.4) 46.6 (6.7) 95.6 (15.6)* 51.7 (14.3)***

Underweight
Yes (WAZ < �2SD) 45.6 (9.7) 47.5 (12.8) 47.4 (11.8) 45.9 (7.2) 93.8 (16.4) 45.3 (15.4)
No (WAZ � �2SD) 50.8 (9.8)*** 51.0 (10.3)** 50.1 (10.2)* 46.8 (6.7) 99.7 (13.4)*** 52.1 (14.1)***

Values are presented as mean (SD) throughout the table.
***p < 0.001.
**p < 0.01.
*p < 0.5.
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the retrospective assessment of geophagy in children,
which could have potentially led to recall bias in the
assessment of exposure among respondents, although
we would expect this to be non-differential. The retro-
spective assessment of geophagy also did not allow us

to assess the quantity and frequency of soil consump-
tion during the period of assessment as well as the
physicochemical properties of the type of soil they
consumed. This is particularly important as previous
research suggested an increased risk of geophagy for

Table 3. Bivariate relationships between sociodemographic characteristics and geophagy, ELC
scores and GM scores

Geophagy p-value ELC scores p-value GM scores p-value

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Maternal characteristics
Age at first ANC visit (years) 25.8 (5.4) 26.1 (5.2) 0.674 0.0a 0.494 0.1a 0.145
Family possession score 5 (4–8)b 5 (4–8)b 0.449 0.1c 0.002 0.1c <0.001
Maternal IQ score 14 (12–16)b 15 (14–17)b 0.020 0.1c 0.135 0.1c 0.002
EPDS score 8 (4–12)b 6.5 (4–10)b 0.142 0.0c 0.915 0.0c 0.570

Education, n (%)
Primary or more 28 (28.0) 25 (26.9) 0.862 102.8 (12.2) <0.001 53.9 (15.2) <0.001
Never schooled 72 (72.0) 68 (73.1) 96.6 (14.6) 49.4 (13.9)

Occupation, n (%)
Employed 44 (45.4) 49 (53.2) 0.278 100.9 (13.2) <0.001 52.7 (15.1) 0.003
Housewives 53 (54.6) 43 (46.7) 96.4 (14.7) 49.2 (13.7)

Gravidity, n (%)
Multigravida 78 (80.4) 80 (87.0) 0.225 98.4 (14.2) 0.382 51.6 (14.1) 0.016
Primigravida 19 (19.6) 12 (13.0) 99.7 (13.6) 48.0 (15.7)

At birth
Birth weight (kg) 3.0 (0.4) 3.1 (0.5) 0.293 0.0a 0.238 0.1a 0.006
Gestational age (weeks) 39.4 (1.8) 39.4 (1.9) 0.786 0.1a 0.004 0.1a 0.013
Sex, n (%)

Girls 53 (53.0) 48 (51.6) 0.847 99.6 (14.6) 0.115 50.1 (14.2) 0.166
Boys 47 (47.0) 45 (48.4) 97.8 (13.5) 51.7 (14.7)

At 9 months
Crawling, n (%)

Yes 92 (92.0) 85 (92.4) 0.920 99.1 (13.9) 0.060 52.3 <0.001
No 8 (8.0) 7 (7.6) 95.8 (15.4) 40.3
Age at first crawl 92 (6.7) 85 (6.8) 0.618 �0.1a 0.029 �0.2a <0.001

At 12 months
HOME score 27.2 (2.1) 270 (2.2) 0.438 0.2a <0.001 0.2a <0.001
Hand to mouth, n (%)

Yes 71 (71.0) 38 (40.9) <0.001 – – – –
No 29 (29.0) 55 (59.1) – –

aValues are presented as Pearson correlation.
bValues are presented as median (inter quartile range).
cValues are presented as Spearman correlation.
ANC, antenatal care; HOME, Home Observation Measurement of the Environment; ELC, Early Learning Composite; GM, Gross Motor; BMI, Body
Mass Index; IQ, Intelligence Quotient.
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children whose mothers were geophageous during
pregnancy [33]. We intend to address these limita-
tions in a follow-up study among the same cohort of
children at age 6 years. Notwithstanding these limita-
tions, our study is strengthened by the prospective as-
sessment of anthropometric information at 9 and
12 months. Also, the use of a standardized cognitive
assessment battery, the MSEL, which was adapted to
the study settings, permitted us to better assess cogni-
tive functions of children. We also accounted for sev-
eral factors that could have confounded the
association between stunting, wasting, underweight
and cognitive function and motor functions.

In conclusion, stunting, wasting and under-
weight are associated with cognitive and GM defi-
cits. The findings of this study contribute to our
understanding of the relationship between cogni-
tive and motor development and geophagy in
childhood. To our knowledge, this study is the first
to investigate the associations between stunting,
wasting and underweight in 9 and 12 months and
the risk of geophagy and poor cognitive function of
12-month-old children in Benin. In this study set-
ting, impaired growth was not associated with the
risk of geophagy. Further research is needed to
evaluate both geophagy and growth prospectively

Table 4. Regression models showing the association between stunting and wasting and geophagy,
ELC and GM scores

Geophagy ELC scorea GM scoreb

OR (95% CI) b (95% CI) b (95% CI)

At 9 months
Stunted

Model I 1.31 (0.61–2.79) �4.29 (�7.48 to �1.10)** �5.64 (�8.92 to �2.36)**
Model II NS �3.08 (�6.33 to 0.16) �3.48 (�6.62 to �0.35)*

Wasted
Model I 0.67 (0.22–2.01) �6.63 (�9.85 to �3.42)*** �6.05 (�9.37 to �2.72)***
Model II NS �5.54 (�8.78 to �2.29)** �4.18 (�7.34 to �1.03)*

Underweight
Model I 0.83 (0.37–1.88) �5.43 (�8.33 to �2.53)*** �5.90 (�8.88 to �2.92)***
Model II NS �4.07 (�6.99 to �1.15)** �4.07 (�6.91 to �1.22)**

At 12 months
Stunted

Model I 1.47 (0.71–3.04) �5.82 (�8.69 to �2.96)*** �7.89 (�10.81 to �4.98)***
Model II NS �4.84 (�7.74 to �1.95)** �5.78 (�8.66 to �2.91)***c

Wasted
Model I 0.76 (0.32–1.79) �3.56 (�6.87 to �0.26)* �5.94 (�9.32 to �2.56)***
Model II NS �2.72 (�5.99 to 0.54) �4.91 (�8.14 to �1.67)**c

Underweight
Model I 0.31 (0.11–0.83) �5.90 (�8.79 to �3.02)*** �6.78 (�9.74 to �3.82)***
Model II NS �4.42 (�7.34 to �1.51)** �4.82 (�7.70 to �1.94)**

Notes: Model I—crude model; Model II—adjusted model.
aAdjusted for gestational age at birth, maternal education and HOME score.
bAdjusted for maternal pre-pregnancy BMI, maternal education, HOME score and crawling at 9 months.
cAdjusted for maternal pre-pregnancy BMI, maternal education and crawling at 9 months.
***p < 0.001.
**p < 0.01.
*p< 0.5.
BMI, body mass index.
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at the same time from birth to at least 36 months
of age.
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Intermittent preventive treatment of malaria in pregnancy
with mefloquine in HIV-negative women: a multicentre
randomized controlled trial. PLoS Med 2014;11:e1001733.

14. World Health Organization. WHO Anthro 2005 Beta
Version Feb 17th 2006: Software for Assessing Growth
and Development of the World’s Children. WHO. http://
www.who.int/childgrowth/software/en/ (12 February
2016, date last accessed).

15. Mullen EM. Mullen Scales of Early Learning: AGS
Edition. Circle Pines: American Guidance Service, 1995.

16. Koura KG, Boivin MJ, Davidson LL, et al. Usefulness of
child development assessments for low-resource settings in
francophone Africa. J Dev Behav Pediatr 2013;34:486–93.

17. Raven J. The Raven’s progressive matrices: change and sta-
bility over culture and time. Cogn Psychol 2000;41:1–48.

18. Caldwell BM, Bradley RH. Home Inventory
Administration Manual. Little Rock, Ark: University of
Arkansas for Medical Sciences, 2001.

19. Guedeney N, Fermanian J. Validation study of the French
version of the Edinburgh Postnatal Depression Scale
(EPDS): new results about use and psychometric proper-
ties. Eur Psychiatry 1998;13:83–9.

20. Mireku MO, Boivin MJ, Davidson LL, et al. Impact of hel-
minth infection during pregnancy on cognitive and motor
functions of one-year-old children. PLoS Negl Trop Dis
2015;9:e0003463.
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