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ABSTRACT
Background. In Burkina Faso, it is not uncommon for mothers to drink alcohol,
even during pregnancy. We aimed to study the association between maternal alcohol
consumption during pregnancy and the child’s cognitive performance using the
Kaufman Assessment Battery for Children, 2nd edition (KABC-II) and the Children’s
Category Test Level 1 (CCT-1) in rural Burkina Faso.
Methods. We conducted a follow-up study of a community cluster-randomised
Exclusive breastfeeding trial, and re-enrolled the children in rural Burkina Faso. A
total of 518 children (268 boys and 250 girls) aged 6–8 years were assessed using the
KABC-II and the CCT-1. We examined the effect size difference using Cohen’s d and
conducted a linear regression analysis to examine the association.
Results. Self-reported alcohol consumption during pregnancy was 18.5% (96/518).
Children whose mothers reported alcohol consumption during pregnancy performed
significantly poorly for memory and spatial abilities tests from small effect size
difference for ‘Atlantis’ (0.27) and ‘Triangle’ (0.29) tomoderate effect size difference for
‘Number recall’ (0.72) compared to children whose mothers did not consume alcohol
during pregnancy; the exposed children scored significantly higher errors with a small
effect size (0.37) at problem solving (CCT-1) test compared to unexposed children.
At unstandardized and standardized multivariable analysis, children whose mothers
reported alcohol consumption during pregnancy performed significantly poorer for
memory-‘Atlantis’ (p= 0.03) and ‘Number recall’ (p= 0.0001), and spatial ability
tests-‘Triangle’ (p= 0.03); they scored significantly higher errors at problem solving
CCT-1 test (p= 0.002); all the results were adjusted for age, sex, schooling, stunting,
father’s education,mother’s employment and the promotion of exclusive breastfeeding.
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No statistical association was found for visual abilities-‘Conceptual Thinking’, ‘Face
recognition’, ‘Story completion’, and reasoning tests-‘Rover’, ‘Block counting’, and
‘Pattern Reasoning’.
Conclusion.Maternal alcohol consumption during pregnancy is associatedwith poorer
cognitive performance for memory, spatial ability, and problem solving tests in the
offspring in rural Burkina Faso. Futures studies needs to assess in more detail the
maternal alcohol consumption patterns in Burkina Faso and possible preventive
strategies.

Subjects Neuroscience, Cognitive Disorders, Epidemiology, Psychiatry and Psychology, Public
Health
Keywords Maternal alcohol consumption, Cognitive test, Child development, Pregnancy, CCT-1,
KABC-II, Children, Burkina Faso, Africa

INTRODUCTION
The World Health Organization (WHO) recently stated that harmful consumption of
alcohol is among the top five risk factors for disease, disability and death throughout the
world. It is a causal factor in several diseases and injury conditions, and intake is on the
increase, especially in low income countries (Rehm et al., 2009; WHO, 2014a).

Children exposed to prenatal alcohol have cognitive, physical and behavioural
deficiencies (Popova et al., 2016b). Many studies have shown that regular and heavy
consumption of alcohol during pregnancy are associated with neuropsychological and
cognitive impairments in memory, executive function, processing speed, visual and spatial
abilities, attention, language and academic achievement (Kodituwakku, Kalberg & May,
2001;O’Callaghan et al., 2007; Falgreen Eriksen et al., 2012; Flak et al., 2014). Recent reviews
highlighted how prenatal alcohol can be sensitive on spatial abilities, reasoning (Mattson,
Crocker & Nguyen, 2011), and memory (Du Plooy et al., 2016).

However, most of the evidence comes from high-income countries (Lewis et al., 2015;
Lewis et al., 2016; Fan et al., 2016), and data are scarce in an African context where lack of
resources, rural areas and home brewing alcohol consumption are common (Martinez et
al., 2011). Burkina Faso is a country in Africa where the use of alcohol is increasing among
women; it has among the highest national proportion of women consuming alcohol in
the continent, 30% (Martinez et al., 2011). In 2016, a systematic review highlighted that
the predicted prevalence of any amount of alcohol consumption during pregnancy among
the general population in Burkina Faso was 11.3% (Popova et al., 2016a). According to the
WHO, the level of total alcohol consumption was 6.8 litres of pure alcohol per capita for
adults above 15 years of age from 2008 to 2010 (WHO, 2014b). The home brewed alcohol
represented 84% of the type of alcohol consumed, followed by beer (10%), spirit (3%) and
wine (3%) (WHO, 2014b).

Given the known harm from prenatal alcohol consumption and the evolving evidence
of increasing drinking patterns among women in Africa, there is a need to explore alcohol
consumption among pregnant women and its effect on the neuro-cognitive outcomes
in their offspring in a context where lack of resources, rural areas and home brewing
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alcohol consumption are common. We aimed to study the association between maternal
alcohol consumption during pregnancy and the offspring’s cognitive performance using
the Kaufman Assessment Battery for Children, 2nd edition (KABC-II) and the Children’s
Category Test Level 1 (CCT-1) in rural Burkina Faso.

SUBJECTS AND METHODS
Study area, setting, study design and participants
Burkina Faso is a low income country located in the middle of West Africa; the population
resides mainly in rural areas (70.1% in 2015), and the population aged 0–14 years was
46.3% in 2013 (INSD, 2016; UN Statistics, 2016). The literacy rate is very low and the mean
years of education attained in women and girls was less than 3 years in 2013 (Patton et al.,
2016). The official language in Burkina Faso is French. However, the country has more
than 60 different ethnic groups. Several local languages are spoken in the study area Gouin,
Karaboro, Dioula, Senoufo, Turka, Moore, and Fulfulde (Hama Diallo et al., 2012; Rossier
et al., 2013; Ethnologue, 2016), which is a challenge when performing cognitive testing.

In 2006, a community-based cluster-randomised trial of children was conducted, the
PROMISE Exclusive Breastfeeding (EBF) study. One of the sites was in rural Burkina Faso
(Diallo et al., 2010; Diallo et al., 2011; Tylleskär et al., 2011; Hama Diallo et al., 2012). The
sampling has been described (Diallo et al., 2010; Tylleskär et al., 2011). From 2013 to 2015,
a cross-sectional follow-up study was conducted through the PROMISE Saving Brains
study to assess the neuro-cognitive performance of the children aged 6–8 years old. We
sought to re-enrol all children from the initial PROMISE EBF trial who were found to be
alive and still residing in the study area.

Outcome measures
The Kaufman Assessment Battery for Children, 2nd edition (KABCTM-II) is an individually
administered cognitive test with verbal and nonverbal components which has been used
across diverse cultural contexts (Boivin et al., 1996; Ochieng, 2003; Kaufman & Kaufman,
2004; Malda et al., 2010). In Africa, it has been used to study cognitive development and
nutrition in Ethiopia (Bogale et al., 2013), Democratic Republic of Congo (Boivin et al.,
2013; Bumoko et al., 2015) and South Africa (Taljaard et al., 2013; Rochat et al., 2016),
among HIV infected children in Uganda (Boivin et al., 2010; Ruel et al., 2012; Brahmbhatt
et al., 2017), and cerebral malaria in Senegal (Boivin, 2002), and Uganda (Bangirana et
al., 2009). KABC-II has different sub-tests and is used in children aged 3–18 years. The
sub-tests (Appendix A) used in our study were:

• Atlantis: a measure of memory
• Conceptual Thinking: a measure of visual and spatial abilities
• Face recognition: a measure of visual and spatial abilities
• Story Completion: a measure of pattern recognition and reasoning
• Number Recall: a measure of memory
• Rover: a measure of spatial scanning and reasoning
• Triangle: a measure of spatial abilities and visualization
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• Block Counting: a measure of reasoning
• Word Order: a measure of memory
• Pattern reasoning: a measure of reasoning and visualization (Kaufman & Kaufman,
2004; Bangirana et al., 2009).

The Children’s Category Test Level 1 (CCT-1) is a widely used non-verbal test developed
to evaluate problem solving in children; it is fast and easy to administer (Boll, 1993;Hundal
& Morris, 2011; Goudis, 2014). It was used to examine the effect of different exposures
including health conditions like traumatic injuries (Moore, Donders & Thompson, 2004;
Donders & Nesbit-Greene, 2004;Horneman & Emanuelson, 2009), brain dysfunction (Allen,
Knatz & Mayfield, 2006; Bello, Allen & Mayfield, 2008), diseases (Rosenberg et al., 2010),
marihuana and cocaine (Fried, Watkinson & Gray, 2005; Ga et al., 2015), disabilities
(Hinton et al., 2004), chemical products (Debes et al., 2006; Wright et al., 2006; Jurewicz,
Polańska & Hanke, 2013), and alcohol (Mattson et al., 1998). CCT-1 is an individually
administered standardized test for children from 5 to 8 years to test their ability to solve
problems on the basis of corrective feedback. It is presented in booklet form and consists
of five subtests. At the end of the test, the total number of errors is counted. Children with
more errors are the one who performed worst (Boll, 1993; Moore, Donders & Thompson,
2004; Allen, Knatz & Mayfield, 2006).

The KABC-II and the CCT-1 were administered by a team of four trained psychologists
who spoke the local languages. The children were randomly assigned to the psychologists
for assessment. The assessors administered individually the KABC-II and the CCT-1 during
a one-to-one session. The instructions of the measures were translated in the main local
language (Dioula) commonly spoken in the study area. Independent back translations were
done.

Exposure measure
Maternal alcohol consumption during pregnancy was the main exposure for this analysis.
Information about maternal alcohol consumption during pregnancy was collected in a
household interview with the caretaker prior to the neuro-cognitive assessment. Data
collectors approached each child’s household to administer a questionnaire to the child’s
caregiver during a one-to-one interview. Mothers were the primary respondents. A yes/no
question of any alcohol consumption during pregnancy was asked. Of all the 554 caretakers,
518 were able to provide information on this question and 36 (6.5%) were not.

Covariates
In the interview, questions were asked about background characteristics and socio-
economic status that may influence the child’s performance. These include the child’s
age, child’s schooling, father’s employment, father’s education (dichotomized to educated
= at least one year in school, or not educated), mother’s age, mothers’ employment,
mother’s education, current maternal alcohol status (a yes/no question of any current
alcohol consumption), mother’s depression status using the Hopkins symptom checklist
(Sirpal et al., 2016) (dichotomized to depression = at least one symptom in the checklist,
no depression = no symptom in any of the checklist), mother’s chewing tobacco status
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(a yes/no question of current tobacco chewing), and presence of latrine in the compound
(a yes/no question). Questions regarding past hospitalizations since birth of the child
were asked and anthropometric data (height, age) were measured according to standard
procedures (CDC, 2007) by a paediatrician at the study site. Stunting was defined as below-2
standard deviations of height-for-age.

Before the starting of data collection, field-testing and piloting of all the instruments
was conducted to calibrate and standardize the assessment of cognitive measures and
the data collection. For instance, the stadiometer for height was calibrated according to
the instruction of manual, and the psychologists underwent field training and refresher
training to standardize the way to administer the KABC-II and CCT-1 on local children
prior to the study participants.

Statistical analysis
Statistical analyses were conducted in several stages:
1. To examine within population variance of the sub-tests, the distribution of scores

(mean, standard deviation, median, minimum and maximum) were used. Box-and-
whisker plots per exposed and unexposed groups were used to illustrate the children’s
performances on different sub-tests of KABC-II and CCT-1. Extreme scores were
winsorized to discount the influence of outliers by replacing their values with the
nearest scores within this range.

2. To examine the reliability of items of the sub-tests, split-half reliability coefficients
were calculated for KABC-II (Kaufman & Kaufman, 2004; Malda et al., 2010) and
Cronbach’s alpha coefficient was calculated for CCT-1 (Boll, 1993; Moore, Donders
& Thompson, 2004; Allen, Knatz & Mayfield, 2006). The level of significance of the
reliability coefficient was ≥0.7.

3. To examine the association between maternal alcohol consumption during pregnancy
and cognitive performance of KABC-II and CCT-1, effect size differences using the
Cohen’s d (Sullivan & Feinn, 2012; Cumming, 2014), and linear regression analysis
were conducted. No validated norms of the KABC-II and the CCT-1 were available in
Burkina Faso at the time of the study; we then used the raw scores instead of the scaled
scores. However, all scores were standardized (Z ) and analysis were conducted on both
unstandardized and standardized scores. All the coefficients were adjusted for potential
confounders including child’s age, sex, schooling, stunting, father’s employment,
father’s education (Martinez et al., 2011; Falgreen Eriksen et al., 2012; Flak et al., 2014;
Kesmodel et al., 2015) and the promotion of exclusive breastfeeding (‘intervention arm’
of the initial trial). A bivariate analysis between each covariate and the outcome was
conducted (Table A1). STATA 13 was used to perform the analysis.

Ethical considerations
Written informed consent was obtained from all care-takers in the study and oral assent
was obtained from the children. The study was approved by the Institutional Review Board
of Centre MURAZ number 008-2013/CE-CM.
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Figure 1 Study profile of children who completed the KABC-II and having information onmaternal
alcohol consumption during pregnancy at the PROMISE Saving Brains study in rural Burkina Faso.

RESULTS
Study population
Of the initial 794 enrolled children in the PROMISE EBF trial in Burkina Faso site, 561
were alive, traced and re-consented for the follow-up study, 554 children completed the
KABC-II and the CCT-1, and 518 children had information on their maternal alcohol
consumption status (Fig. 1).

Of these, 51.7% (268/518) were boys, and 49.4% (256/518) were at school. The mean (±
standard deviation, SD) age at assessment was 7.2 (±0.4 years), the median (interquartile
range, IQR) was 7.2 (6.9–7.4) years and the range was 6.3–8 years. Of the mothers, 18.5%
(96/518) reported to have consumed alcohol during the pregnancy and none of them had
been more than 1 year in school. The mean (±SD) age of the mothers at assessment was
33.4 (±6.3 years). Of the fathers, 30.6% (156/510) had attended at least 1 year in school and
12.9% (67/518) had an employment. Three quarters of the compounds reported having a
pit latrine 73.4%, (380/518) (Table 1).

On the KABC-II, sufficient variability (mean ± SD) of the raw scores was found for all
the sub-tests except ‘Pattern Reasoning’ (Fig. 2 and Table 2). No child scored 0 in ‘Atlantis’,
‘Number recall’, ‘Rover’, ‘Triangle’ and ‘Word order’ (Fig. 2 and Table 2). The Split-half
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Table 1 Description of the children who completed the KABC-II and CCT-1 from the PROMISE Saving Brains study in rural Burkina Faso.

Total
N = 518
N (% )

Maternal alcohol
N = 96 (18.5)
N (% )

Nomaternal alcohol
N = 422 (81.5)
N (%)

p-value

Child age Mean± SD (in years) 7.2± 0.4 7.2± 0.3 7.2± 0.4 0.38
Mothers age Mean± SD (in years) 33.4± 6.3 34.4± 6.6 33.2± 6.2 0.17
Sex 0.7

Girls 250 (48.6) 45 (46.9) 205 (48.6)
Boys 268 (51.4) 51 (53.1) 217 (51.4)

Child in school 0.7
Yes 256 (49.4) 46 (47.9) 210 (49.8)
No 262 (50.6) 50 (52.1) 212 (50.2)

Stunting (<-2 SD in height-for-age) 0.8
No 426 (84.2) 79 (85.0) 347 (84.0)
Yes 80 (15.8) 14 (15.0) 66 (16.0)

Child has been hospitalized 0.6
No 391 (77.9) 71 (76.3) 320 (78.2)
Yes 111 (22.1) 22 (23.7) 89 (21.8)

Father employed 0.1
Yes 67 (12.9) 8 (8.3) 59 (14.0)
No 451 (87.1) 88 (91.7) 363 (86.0)

Father educated 0.8
Yes 156 (30.6) 28 (29.8) 128 (30.8)
No 354 (69.4) 66 (70.2) 288 (69.2)

Mother employed 0.1
Yes 26 (5.0) 2 (2.1) 24 (5.7)
No 492 (95.0) 94 (97.9) 398 (94.3)

Mother’s current alcohol consumption 0.0001
No 89 (17.2) 25 (26.3) 19 (4.5)
Yes 428 (82.8) 70 (73.7) 403 (95.5)

Mothers depression status 0.2
No 267 (51.5) 55 (57.29) 212 (50.2)
Yes 251 (48.9) 41 (42.71) 210 (49.8)

Mothers chewing tobacco 0.0001
No 495 (95.6) 85 (88.5) 410 (97.2)
Yes 23 (4.4) 11 (11.5) 12 (2.8)

Latrine in compound 0.003
Yes 380 (73.4) 59 (61.5) 321 (76.1)
No 138 (26.6) 37 (38.5) 101 (23.9)

PROMISE EBF intervention 0.07
Control arm 274 (52.9) 43 (44.8) 231 (54.7)
Intervention arm 244 (47.1) 53 (55.2) 191 (45.3)

Notes.
SD, Standard deviation
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Figure 2 Box-and-whisker plots with median, interquartile range (box), minimum andmaximum
(whiskers) of child’s performance at KABC-II subtests and CCT-1 test by maternal alcohol consump-
tion during pregnancy from the PROMISE Saving Brains study in rural Burkina Faso. (A) Atlantis raw
score; (B) Conceptual thinking raw score; (C) Face recognition raw score; (D) Story completion raw score;
(E) Number recall raw score; (F) Rover raw score; (G) Triangle raw score; (H) Block counting raw score;
(I) Word order raw score; (J) Pattern reasoning raw score; (K) CCT-1 total errors.

Table 2 Tests description and internal consistency of 518 children who completed the KABC-II and
CCT-1 from the PROMISE Saving Brains study in rural Burkina Faso.

Tests Mean± SD Median
(IQR)

Min
score

Max
score

Reliability
coefficient

Atlantis 43.5± 19.4 43 (28–59) 12 90 0.96
Conceptual Thinking 5.1± 3.4 4 (2–8) 0 16 0.80
Face recognition 5.0± 3.0 4 (3–8) 0 13 0.74
Story completion 3.1± 1.3 3 (2–4) 0 6 0.44
Number recall 5.9± 1.8 6 (5–7) 2 9 0.76
Rover 6.0± 1.9 6 (5–7) 2 10 0.45
Triangle 6.7± 2.8 6 (5–8) 1 14 0.78
Block counting 4.1± 3.6 3 (1–7) 0 15 0.73
Word order 10.4± 1.8 10 (9–12) 5 16 0.64
Pattern reasoning 1.5± 1.0 1 (1–2) 0 3 0.56
CCT-1 errors 35.6± 7.2 35 (31–40) 17 55 0.82

Notes.
SD, Standard deviation; IQR, Inter Quartile Range.
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reliability coefficient was acceptable (>0.70) for all the sub-tests except ‘Story completion’,
‘Rover’, ‘Word order’ and ‘Pattern Reasoning’ (Table 2).

Maternal alcohol consumption and cognitive performance
Children whose mothers reported alcohol consumption during pregnancy performed
significantly poorly for memory and spatial abilities tests from small effect size difference
for ‘Atlantis’ (0.27) and ‘Triangle’ (0.29) to moderate effect size difference for ‘Number
recall’ (0.72) compared to children whose mothers did not consume alcohol during
pregnancy; the exposed children scored significantly higher errors with a small effect size
(0.37) at problem solving (CCT-1) test compared to unexposed children (Table 3).

At unstandardized and standardized multivariable analysis, children whose mothers
reported alcohol consumption during pregnancy performed significantly poorer for
memory-‘Atlantis’ (p= 0.03) and ‘Number recall’ (p= 0.0001), and spatial ability tests-
‘Triangle’ (p= 0.03); they scored significantly higher errors at problem solving CCT-1
test (p= 0.002); all the results were adjusted for age, sex, schooling, stunting, father’s
education, mother’s employment and the promotion of exclusive breastfeeding (Table 4).
No statistical association was found for visual abilities-‘Conceptual Thinking’, ‘Face
recognition’, ‘Story completion’, and reasoning tests-‘Rover’, ‘Block counting’, and ‘Pattern
Reasoning’ (Table 4).

DISCUSSION
In the present study, we observed an association between maternal alcohol consumption in
pregnancy and poorer cognitive performance for memory (‘Atlantis’ and ‘Number recall’),
and spatial ability (‘Triangle’) tests as measured by the KABC-II and for problem solving as
measured by CCT-1 among children aged 6 to 8 years in rural Burkina Faso. No statistical
association was found for visual abilities (‘Conceptual Thinking’, ‘Face recognition’) and
reasoning (‘Story completion’, ‘Rover’, ‘Block counting’, ‘Pattern Reasoning’).

Our study was conducted in an African rural context where home brewing is common
and most commonly done by women. (Martinez et al., 2011; WHO, 2014b; Popova et al.,
2016a). Its cost is low compared to commercially-made alcoholic beverages in many parts
of Africa (Mccall, 1996; Willis, 2002) and quantifying its amount is challenging because
home brews are often consumed in containers of various sizes (Hahn et al., 2012; Thakarar
et al., 2016).

In its first application in rural Burkina Faso, we found variation in performances in
the KABC-II and CCT-1. Children were positively engaged in carrying out the tests. Two
things might explain the association between maternal alcohol consumption in pregnancy
and poorer cognitive performance for ‘Atlantis’, ‘Number recall’, ‘Triangle’ and CCT-1.
The first is the heavy home brewing consumption of alcohol during pregnancy. Numerous
biological mechanisms have been suggested as contributing to alcohol-induced foetal
damage, particularly deficits in brain function (Goodlett & Horn, 2001; Kim et al., 2016).
The second is the good level of reliability for ‘Atlantis’, ‘Number recall’, ‘Triangle’ and
‘Block counting’ in accordance with the reliabilities reported in the KABC-II manual
(Kaufman et al., 2005). Malda found similar results in India (Malda et al., 2010). These

Sanou et al. (2017), PeerJ, DOI 10.7717/peerj.3507 9/23

https://peerj.com
http://dx.doi.org/10.7717/peerj.3507


Table 3 Effect size and bivariate analysis betweenmaternal alcohol consumption during pregnancy,
KABC-II and CCT-1 performance of children from the PROMISE Saving Brains study in rural Burkina
Faso.

Effect size Bivariate analysis p-value

Cohen’s d Crude coefficient 95% CI

Atlantis (memory)
No alcohol Reference
Alcohol 0.27a −5.45 −9.74 to−1.14 0.01

Conceptual Thinking (visual abilities)
No alcohol Reference
Alcohol 0.02 −0.06 −0.82–0.69 0.86

Face recognition (visual abilities)
No alcohol Reference
Alcohol 0.10 −0.28 −0.94–0.39 0.41

Story completion (reasoning)
No alcohol Reference
Alcohol 0.05 −0.07 −0.3–0.2 0.62

Number recall (memory)
No alcohol Reference
Alcohol 0.72b −1.21 −1.59 to−0.84 <0.0001

Rover (reasoning)
No alcohol Reference
Alcohol 0.11 −0.2 −0.6–0.2 0.29

Triangle (spatial abilities)
No alcohol Reference
Alcohol 0.29a −0.80 −1.42 to−0.18 0.01

Block counting (reasoning)
No alcohol Reference
Alcohol 0.19 −0.71 −1.51–0.09 0.08

Word order (memory)
No alcohol Reference
Alcohol 0.26 −0.5 −0.8 to−0.06 0.02

Pattern reasoning (reasoning)
No alcohol Reference
Alcohol 0.09 −0.09 −0.3–0.1 0.42

CCT-1 errors (problem solving)
No alcohol Reference
Alcohol 0.37a 2.7 1.1–4.3 0.001

Notes.
aSmall effect size from 0.2 to 0.49.
bModerate effect size from 0.5 to 0.79.

findings compare well some studies. In a recent systematic reviews of the literature which
includes 33 relevant studies using cognitive test scores, children prenatally exposed to
alcohol performed worse on problem solving, visual-spatial ability and specific domains
of memory such as immediate or delayed recall memory compared to children who
were prenatally unexposed (Du Plooy et al., 2016). Another review highlighted that heavy

Sanou et al. (2017), PeerJ, DOI 10.7717/peerj.3507 10/23

https://peerj.com
http://dx.doi.org/10.7717/peerj.3507


Table 4 Multivariable analysis betweenmaternal alcohol consumption during pregnancy, KABC-II
and CCT-1 performance of children from the PROMISE Saving Brains study in rural Burkina Faso.

Unstandardized Standardized
coefficienta (95% CI) coefficienta (95% CI) p-value

Atlantis (memory)
No alcohol
Alcohol −4.4 (−8.6 to−0.3) −0.2 (−0.4 to−0.01) 0.03

Conceptual Thinking (visual abilities)
No alcohol
Alcohol −0.03 (−0.8–0.7) −0.007 (−0.2–0.2) 0.9

Face recognition (visual abilities)
No alcohol
Alcohol −0.1 (−0.8–0.5) −0.04 (−0.3–0.2) 0.7

Story completion (reasoning)
No alcohol
Alcohol −0.01 (−0.3–0.2) −0.01 (−0.2–0.2) 0.9

Number recall (memory)
No alcohol
Alcohol −1.1 (−1.5 to−0.7) −0.6 (−0.8 to−0.4) 0.0001

Rover (reasoning)
No alcohol
Alcohol −0.2 (−0.6–0.2) −0.1 (−0.3–0.1) 0.3

Triangle (spatial abilities)
No alcohol
Alcohol −0.6 (−1.2 to−0.03) −0.2 (−0.4 to−0.01) 0.03

Block counting (reasoning)
No alcohol
Alcohol −0.6 (−1.4 to−0.2) −0.2 (−0.4 to−0.06) 0.1

Word order (memory)
No alcohol
Alcohol −0.3 (−0.7–0.04) −0.2 (−0.4–0.03) 0.08

Pattern Reasoning (reasoning)
No alcohol
Alcohol −0.1 (−0.3–0.1) −0.1 (−0.3–0.1) 0.3

CCT-1 errors (problem solving)
No alcohol
Alcohol 2.6 (0.9–4.2) 0.4 (0.1–0.6) 0.002

Notes.
aAdjusted for age, sex, schooling, stunting, father’s education, mother’s employment, and EBF (N = 498).

prenatal alcohol exposure had adverse effect on spatial abilities (Mattson, Crocker &
Nguyen, 2011).

In the present study, we found no statistical association between maternal alcohol
consumption in pregnancy and poorer cognitive performance for ‘Conceptual Thinking’,
‘Face recognition’, ‘Story completion’, ‘Rover’, ‘Block counting’ and ‘Pattern Reasoning’.
Diverse explanations are possible as to why the children were not responsive to these tests.
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The most plausible is that the amount of maternal alcohol consumption during pregnancy
was not enough to be associated with visual abilities and reasoning tests. In our study,
the level of alcohol was unknown and might have been very low to detect significance
association. These results are similar to other studies which found no difference between
low to moderate alcohol consumption during pregnancy and neuro-cognitive outcomes
among children (O’Callaghan et al., 2007; Alati et al., 2008; Kelly et al., 2012; Falgreen
Eriksen et al., 2012; Kesmodel et al., 2012). Also, the reliability coefficient was low for ‘Story
completion’, ‘Rover’ and ‘Pattern Reasoning’ and we found cultural unfamiliarity of the
items for ‘Conceptual Thinking’ and ‘Face Recognition’. For example, ‘Face Recognition’
uses mainly photographs of faces from white people to which most children in rural
Burkina Faso have not been exposed. In a study in rural Kenya using KABC-I, ‘Face
Recognition’ has been adapted by substituted the photographs with those of persons from
their region to increase the validity and the reliability of the measures (Holding et al., 2004).
Given the fact that our study was implemented in similar context, such adaptations may
have contributed to increase the responsiveness of children in our context. The reason
of the low internal for ‘Story completion’, ‘Rover’ and ‘Pattern Reasoning’ might be
explained by the weak understanding of the items; these tests measure reasoning and the
understanding of the items might have been complex for the children due to the cultural
context. The potential effect of cultural inappropriateness decreasing the performance
has been described in multiple studies (Greenfield, 1997; Malda & Van der Vijver, 2008).
While cognitive constructs appear to be universal (Koziol et al., 2014), the cultural context
influences the engagement of the test taker in the testing process, and thus, potentially the
reliability and validity of tests (Malda & Van der Vijver, 2008). Adaptations of the tests may
therefore be needed to ensure the responsiveness of a test to group differences (Holding et
al., 2004; Alcock et al., 2008). Thus, these sub-tests may differentiate children in our context
after adaptations.

Our study has several strengths. Firstly, the risk of selection bias is small; the participants
were part of a community-based cluster-randomised trial of children (Diallo et al., 2010;
Diallo et al., 2011; Tylleskär et al., 2011; Hama Diallo et al., 2012). In addition, only two
participants declined to be tested in the study. Secondly, the assessment was based on a
standardized measure of cognition for children which has been widely used in a number
of countries, also in Africa (Boivin, 2002; Bangirana et al., 2009; Boivin et al., 2010; Ruel et
al., 2012; Bogale et al., 2013; Taljaard et al., 2013; Bumoko et al., 2015; Rochat et al., 2016;
Brahmbhatt et al., 2017; Ajayi et al., 2017). In addition, the assessments were performed
by trained psychologists who were blinded to the main exposure (maternal alcohol
consumption). Thirdly, adjustment for the potential confounders was done in the analysis.

However, the study also has some limitations. The assessment of alcohol consumption
was self-reported based on a dichotomous response without further probing. Therefore, we
have no information about the volume, frequency and concentration of alcohol consumed.
Misclassification of maternal alcohol consumption, in particular under-reporting and
recall bias due to the recall time and social desirability cannot be excluded. However, the
relatively high self-reported frequency of prenatal alcohol consumption might indicate
that the population is naïve to health system information on the harmful effects on alcohol
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consumption in pregnancy and provide answers with limited social desirability. Given the
relatively high frequency of drinking one could also assume that only ‘visible’ drinking of
a certain ‘magnitude’ is reported and ‘sips’; ‘low alcohol beverages’ and ‘ritual drinking’ is
not counted as drinking. Another limitation is the lack of overall reliability and validity of
the measures which were used for the first time in the country and were not normed in the
settings.

We consider this paper to be important as it demonstrates an association between
maternal alcohol consumption and the poor cognitive performance among children in
Burkina Faso. The study highlights the need to raise awareness of the risks of maternal
alcohol consumption on the offspring’s cognitive performance. Healthcare professionals
may have an important role in advising the public on its potential consequences. Prevention
initiatives need to be designed and advice on abstaining from drinking during pregnancy
needs to be provided. Strategies of monitoring alcohol intake on women and children may
be considered during antenatal and postnatal visits. The cognitive outcomemeasures needs
to be validated in the local context and culturally adapted.

CONCLUSIONS
Maternal alcohol consumption during pregnancy is associated with poorer cognitive
performance for memory, spatial ability, and problem solving tests in the offspring in
rural Burkina Faso. Futures studies needs to assess in more detail the maternal alcohol
consumption patterns in Burkina Faso and possible preventive strategies.

APPENDIX A
Outcome measures (Kaufman & Kaufman, 2004; Kaufman et al., 2005; Bangirana et al.,
2009).

KABC-II is used in children aged 3–18 years. It has different sub-tests which include:

• Atlantis: The examiner teaches the child nonsense names for fanciful pictures of fish,
plants and shells. The child demonstrates learning by pointing to each picture (out of an
array of pictures) when it is named. ‘Atlantis’ is a measure of associative memory, and
forms part of the learning ability scale;
• Conceptual Thinking: The child is presented a set of four or five pictures and must
select the picture that does not belong with the set. It measures visual and spatial abilities
and forms part of the simultaneous processing scale;
• Face recognition: The child looks at a photograph of either one or two faces for 5 s
and then chooses the correct face (or faces) shown in a different pose from the original
photograph. It measures visual and spatial abilities and forms part of the simultaneous
processing scale;
• Story Completion: The child is shown a row of pictures that tell a story, with some
of the pictures missing. The child should complete the story by selecting the missing
pictures from a selection in their correct locations. ‘Story completion’ measures pattern
recognition, reasoning and forms part of the planning ability scale;
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• Number Recall: The child repeats a series of numbers in the same sequence the examiner
said them. It measures memory span and forms part of the sequential processing scale;
• Rover: The child moves a toy dog to a bone on a checkerboard-like grid that contains
obstacles (rocks and weeds) and tries to find path that takes the fewest moves. ‘Rover’ is
a measure of spatial scanning, general sequential or deductive reasoning, number skills
and forms part of the simultaneous processing scale;
• Triangle: For most items, the child assembles several identical foam triangles (blue on
one side, yellow on the other) to match a picture of an abstract design. For easier items,
the child assembles a set of colorful plastic shapes to match a model constructed by the
examiner or shown on the easel. ‘Triangle’ measures spatial abilities, visualization and
forms part of the simultaneous processing scale;
• Block Counting: The child counts the exact number of blocks in various pictures of
stacks of blocks. The stacks are configured such that one of more blocks is hidden or
partially hidden from view. ‘Block counting’ measures reasoning and forms part of the
simultaneous processing scale;
• Word Order: The child touches a series of silhouettes of common objects in the same
order as the examiner has named the objects. It measures memory span and forms part
of the sequential processing scale;
• Pattern reasoning: The child is shown a series of stimuli that form a logical, linear
pattern, with one stimulus missing. The child completes the pattern by selecting
the correct stimulus from an array of 4–6 options at the bottom of the page.
‘Pattern Reasoning’ measures inductive reasoning, visualization and forms part of
the simultaneous processing scale (Kaufman & Kaufman, 2004; Kaufman et al., 2005;
Bangirana et al., 2009).
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APPENDIX B

Table A1 Crude coefficient from linear regression between covariates and the KABC-II test performance of children from the PROMISE Sav-
ing Brains study in rural Burkina Faso.

Atlantis Conceptual
Thinking

Face
recognition

Story
completion

Number
recall

Rover Triangle Block
counting

Word
order

Pattern
reasoning

CCT-1
errors

Age, N 518 518 518 518 518 518 518 518 518 518 518

Crude 6.1 0.5 −0.07 0.3 0.4 0.06 0.8 0.3 0.7 0.04 −0.9

95% CI 1.4–10.7 −0.3–1.3 −0.8–0.6 −0.004–0.6 −0.04–0.8 −0.4–0.5 0.1–1.4 −0.5–1.2 0.3–1.2 −0.2–0.3 −2.6 –0.8

p-value 0.01 0.2 0.8 0.05 0.08 0.7 0.02 0.4 0.001 0.7 0.3

Sex, N 518 518 518 518 518 518 518 518 518 518 518

Crude 2.13 0.5 0.09 −0.06 0.2 0.2 0.5 0.3 0.1 0.1 0.8

95% CI −1.2–5.5 −0.1–1.1 −0.4–0.6 −0.3–1.7 −0.06–0.5 −0.1–0.5 0.04–1.0 −0.3–0.9 −0.1–0.5 −0.06–0.3 −0.4–2.0

p-value 0.2 0.1 0.7 0.6 0.1 0.1 0.03 0.3 0.3 0.2 0.2

Child in school, N 518 518 518 518 518 518 518 518 518 518 518

Crude 11.0 0.6 0.6 0.4 0.3 0.6 1.9 0.6 0.9 0.01 1.2

95% CI 7.8–14.2 0.03–1.2 0.07–1.1 0.1–0.6 0.04–0.6 0.3–0.9 1.5–2.4 0.01–1.2 0.6–1.3 −0.1–0.2 0.02–2.5

p-value 0.0001 0.03 0.02 0.001 0.02 0.0001 0.0001 0.04 0.0001 0.8 0.04

Stunting, N 506 506 506 506 506 506 506 506 506 506 506

Crude 8.1 0.8 0.6 0.06 0.3 0.4 1.06 0.6 0.6 −0.1 1.7

95% CI 3.5–12.7 0.1–1.7 −0.1–1.3 −0.3–0.4 −0.07–0.7 0.0006–0.9 0.4–1.7 −0.3–1.5 0.1–1.0 −0.4–0.09 0.01–3.5

p-value 0.001 0.03 0.09 0.7 0.1 0.05 0.002 0.2 0.006 0.2 0.04

Father educated, N 510 510 510 510 510 510 510 510 510 510 510

Crude 5.4 0.5 1.1 0.2 0.5 0.3 0.8 0.5 0.4 0.06 0.9

95% CI 1.8–9.0 −0.1–1.1 0.5–1.7 −0.08–0.4 0.1–0.8 −0.03–0.6 0.2–1.3 −0.2–1.2 0.1–0.8 −0.1–0.2 −0.3–2.3

p-value 0.004 0.1 0.0001 0.1 0.006 0.08 0.004 0.1 0.01 0.5 0.1

Mother’s employ-
ment, N

518 518 518 518 518 518 518 518 518 518 518

Crude 5.8 0.2 1.6 0.1 1.4 0.2 0.9 1.6 0.9 0.1 3.7

95% CI −1.8–13.4 −1.0–1.6 0.4–2.7 −0.3–0.6 0.7–2.1 −0.5–0.9 −0.1–2.0 0.2–3.0 0.1–1.6 −0.3–0.5 0.8–6.6

p-value 0.1 0.6 0.008 0.5 0.0001 0.5 0.07 0.02 0.01 0.5 0.01

PROMISE EBF in-
tervention, N

518 518 518 518 518 518 518 518 518 518 518

Crude −0.8 −0.8 −0.3 −0.1 −0.3 −0.01 −0.4 0.06 −0.006 −0.06 1.2

95% CI −4.2–2.5 −1.4 to−0.2 −0.8–0.2 −0.3–0.07 −0.6 to−0.001 −0.3–0.3 −0.9–0.04 −0.5–0.6 −0.3–0.3 −0.2–0.1 −0.04–2.4

p-value 0.6 0.005 0.2 0.04 0.9 0.07 0.8 0.9 0.4 0.059
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