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Abstract

Aim—Sub-Saharan Africa bears a disproportionate amount of global diseases related to 

neurodevelopmental delays in infancy, including malnutrition, malaria and HIV. Evaluating 

interventions to prevent such delays requires developmental assessment tools appropriate for Sub-

Saharan Africa. This study aimed to develop and evaluate such a tool.

Methods—The Developmental Milestones Checklist (DMC) was developed in Kenya to provide 

motor, language and personal-social scores for children aged from 3 to 24 months. We developed 

an extended version (DMC-II) in Burkina Faso, West Africa, and then evaluated the reliability and 

sensitivity of the scores to age and nutritional and environmental measures.

Results—The internal, interinterviewer and test–retest reliability of the DMC-II scores were 

>0.7. In 214 children aged 11.6–25.4 months, each score correlated with age (rs > 0.7). In 1123 

children aged 16.8–19.9 months, the scores were sensitive to stunting, wasting and underweight 

(effect sizes 0.31–0.87 SD). The scores also showed expected correlations with measures of play 

materials in the home and activities with caregivers (rs = 0.13–0.41).

Conclusion—The DMC-II is easily used by trained fieldworkers with no previous experience in 

developmental assessment. It is a practical, reliable and sensitive tool for evaluating motor, 

language and personal-social development in different contexts in Sub-Saharan Africa.
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Introduction

Sub-Saharan Africa lacks adequately standardised and culturally appropriate measures of 

child development (1). While the use of measures developed in Western countries may 

provide an easy and cost-effective approach to assessing child development in Africa, much 

evidence indicates that the use of Western measures could lead to systematic bias, which 

may threaten the validity of the data (2,3). Problems with imported Western measures can be 

caused by a lack of familiarity with the stimulus materials and test requirements (4). 

Problems with validity could also arise due to differences in construct definition, as well as 

differences in the test content, and items needed to adequately assess certain skills in a 

different cultural context (5,6). Variations in developmental trajectories between cultures 

may present yet another source of problems. For instance, Vierhaus et al. (2011) reported 

that children in Cameroon were unable to perform less advanced tasks on the Bayley Scales 

of Infant Development (BSID) motor scale, but succeeded on more advanced tasks. 

Following the BSID discontinuation rule would have resulted in the children being under-

rated in their performance (7).

Given this problematic scenario, there have been recent efforts to develop culturally 

appropriate measures for use in Sub-Saharan Africa (5,8). One such measure is the 

Developmental Milestone Checklist (DMC), which was developed in Kenya (9). This tool 

uses a caregiver interview to assess the motor, language and personal-social development of 

children aged from 3 to 24 months. Carefully constructed caregiver report instruments have 

been found to be a valid way to assess child development, when compared to direct 

assessment of the child, for the DMC itself in Kenya (9) as well as other tools in other parts 

of the world (10,11).

While previous research shows that certain developmental skills are context-specific, such as 

climbing stairs and looking in a mirror, others, such as walking and sitting, are universal 

(12,13). Items in the DMC were identified through a review of several published measures, 

including the Griffiths Mental Developmental Scale for Infants (14) and Vineland Adaptive 

Behavior Scales (15). Context-appropriate items, that is, those that could be transferred from 

the original test to the new context, were identified through focus groups and pilot testing. 

The final checklist contained 66 items. Responses were given on a three-point scale (0: not 

observed, 1: emerging behaviour, 2: established behaviour). The DMC was found to be 

reliable when administered by a community health worker with minimal training, during an 

interview with a caregiver. For details on its development and psychometric properties, see 

Abubakar et al. (9).

The aim of the current study was to develop and evaluate an extended version of the DMC 

(DMC-II) for a new context in Sub-Saharan Africa, in the International Lipid-Based 

Nutrient Supplements (iLiNS) Project in Burkina Faso (iLiNS-Zinc). Specifically, the 

current study aimed to: (i) modify the DMC for use in a different context and expand the 

items to ensure that it resulted in sufficient variability in scores at the target age (18 months), 

(ii) evaluate the reliability (internal consistency, interinterviewer reliability and test–retest 

reliability) of the DMC-II scores and (iii) evaluate the validity (sensitivity to developmental 

progression, malnutrition and environmental variables) of the DMC-II scores.
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Ideally, one would validate a new tool against a gold standard measure. In our context, we 

are not aware of any developmental measures that have been previously validated in the 

study area. Therefore, we examined whether the DMC-II scores showed expected relations 

with theoretically related variables (convergent validity). As children grow older, their 

developmental abilities increase. Consequently, scores on developmental measures such as 

the DMC-II were expected to increase with age, demonstrating sensitivity to maturation. 

Additionally, earlier studies indicate that children with growth restrictions, such as low 

height for age and weight for age, consistently show lower scores, on average, than children 

who are growing normally (16,17). We therefore expected that children with growth 

restriction would score significantly lower on the DMC-II. Moreover, environmental 

variables, such as maternal education, toys available in the home and how a child interacts 

with caregivers, have been consistently related to developmental scores in previous studies 

(18,19), although in Sub-Saharan Africa, not all studies have shown a relationship between 

maternal education and developmental scores (20,21). Therefore, we expected a positive 

relation between the DMC-II scores and the variety of toys available in the home and 

children’s activities with caregivers, and possibly also with maternal years of education.

Methods

Study setting

This study was conducted in 34 villages of the Dandé health district in rural south-western 

Burkina Faso, a West African country that covers 3528 km2, 172 villages and 214 470 

individuals. Young children in the area are affected by holoendemic malaria transmission, 

food insecurity and a high prevalence of stunting and underweight (22).

General design

The study was carried out in two phases. In the first phase, we applied the necessary 

modifications to the DMC. In the second phase, we evaluated the psychometric properties of 

the new tool: the DMC-II. Ethical approval for the study procedures was obtained from the 

University of California Davis Institutional Review Board and the Comité d’Ethique 

Institutionnel du Centre Muraz, Bobo Dioulasso. All the participants provided informed 

consent.

Phase 1: modifications to the DMC

Initial modifications: The modifications we made to the DMC are described in detail in 

Appendix S1 and briefly explained here. First, we changed the administration procedure of 

the DMC to allow flexible administration by observations as well as caregiver interviews. As 

in the first version of the DMC, the caregiver’s response is obtained for all items and 

determines the item score. In the new version, we added space on the form for the 

interviewer to record his or her observations on each item as well. There are several cases in 

which it may be useful for the interviewer to additionally administer the item to observe 

whether the child is able to perform the skill, for example, if the caregiver does not know if 

the child can perform the skill or to ensure that the caregiver has understood the question 

and to verify his or her response (for additional details see Appendix S1). In the iLiNS-Zinc 

project, we targeted children aged 18 months. Based on our experience with the DMC, and 
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published data on developmental achievements at this age, we selected nine items that were 

key to evaluating motor development at the age of 18 months. The data collectors were 

instructed to observe these nine key items for every child. In addition, we developed a 

pictorial flip chart to help the caregiver understand the meaning of the questions (Fig. 1). 

Finally, we added and modified certain items, presented in detail in Appendix S1.

Pilot test and additional modifications: The modified form and manual were translated 

into French by two bilingual French and English speakers. Four data collectors were trained 

to administer the DMC-II. These four data collectors verbally agreed on how the items were 

translated into the local languages in which the interview was administered (Dioula and 

Moré). They then conducted an initial pilot test with nine children aged 15–24 months. 

Through this pilot test, we evaluated cultural appropriateness (do the items reflect an activity 

or behaviour familiar to the respondents?), age appropriateness and clarity of the 

translations.

After making the modifications described in Appendix S1, all items were found to be 

appropriate for the study area. However, after collecting data from the full sample of 1123 

children, three additional items were eliminated after a large percentage of caregivers 

responded ‘don’t know’. These were: ‘Opens door by turning and pulling doorknob’ (57%), 

‘Uses spoon to feed self with spillage’ (27%) and ‘Uses spoon to feed self no spillage’ 

(27%). These caregivers generally responded that they did not have doorknobs in their 

homes and rarely used spoons. These items were not included in the calculation of scores in 

Phase two.

Phase two: psychometric evaluation

Sample and design: In the iLiNS-Zinc study, children were assigned to receive nutrient 

supplements and community-based treatment of malaria and diarrhoea from the ages of 9–

18 months (immediate intervention group) or 18–27 months (delayed intervention group). At 

the age of 18 months, 1123 children (16.8–19.9 months, mean = 18.3, SD = 0.4, 567 boys, 

376 in the delayed intervention group) were evaluated using the DMC-II. Height and weight 

were measured at the same visit, and an interview was administered concerning toys and 

activities in the home. We used the data from this sample to evaluate the internal consistency 

and sensitivity to growth restriction and environmental variables of the DMC-II scores. We 

evaluated interinterviewer and test–retest reliability using data from a subset of 16 children 

(seven boys) aged 17.6–19.0 months (mean = 18.3, SD = 0.5). We evaluated developmental 

sensitivity using data from 214 children (103 boys) in the immediate intervention group. 

These 214 children were divided into four groups, each tested at a different time point: 57 

children (28 boys) mean age 12.2 (SD = 0.4) months, 56 children (28 boys) mean age 15.3 

(0.4) months, 50 children (28 boys) mean age 21.2 (0.4) months and 51 children (19 boys) 

mean age 24.4 (0.5) months. A subset of 72 of the 214 children (35 boys) was also tested at 

a mean age 18.2(0.4) months. These 72 children included 16 children who were also tested 

at 12 months, 22 children also tested at 15 months, 20 children also tested at 21 months and 

24 children also tested at 24 months.
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Methods for collection of anthropometry, maternal education, and toys and activities in 
the home: Two length and weight measurements were collected using a portable infant 

length board (±0.1 cm; Seca model 417, Hamburg, Germany) and frequently standardised 

electronic scale (±10 g; Seca model 383, Hamburg, Germany). For any given child, if the 

two length measurements differed by more than 0.5 cm or two weight measurements 

differed by more than 0.1 kg, a third measurement was taken. The average of the two closest 

measurements was used for the z-score calculation. Z-scores were calculated using the SAS 

(version 9.3, Cary, NC) macros for the World Health Organization Child Growth Standards 

(2006). Maternal educational attainment was collected via interview at enrolment.

Caregivers were asked whether seven types of toys were available for their children to play 

with in the home: things that make or play music, things for drawing and writing, picture 

books for children, things designed for stacking or building, things for moving around (balls, 

bats), toys for learning shapes and colours and things for pretending. They were also asked if 

any adult had engaged in six activities with the child in the past 3 days: read books or looked 

at picture books, told stories, sang songs, took the child outside the home, played with the 

child and spent time naming, counting, or drawing things. All items were taken from the 

Family Care Indicators interview (23,24) developed by United Nations Children’s Fund 

(UNICEF) and validated in Bangladesh (25). The score for each scale was the sum of the 

item scores (0 = no, 1 = yes).

Data analysis: A small percentage of DMC-II item scores (0.57%) were missing. We 

imputed these missing scores based on the other items in the same subscale, using the 

method described in Raghunathan et al. (26). We calculated the score for each subscale as 

the sum of the item scores in that subscale (32 motor, 16 language and 28 personal-social) 

and the total score as the sum of all 76 item scores. To evaluate internal consistency, we 

computed Cronbach’s alpha for each subscale and for the full set of 76 items. To evaluate 

test–retest reliability, we calculated the Pearson’s correlation (r) and the intraclass 

correlation coefficient (ICC) between the scores from the first and second testing. Both 

testings were conducted by the same interviewer with a test–retest interval of 7–9 days. To 

evaluate interinterviewer reliability, we calculated the Pearson’s correlation and the ICC 

between the scores from the two interviewers. In this case, both interviewers interviewed the 

caregiver separately on the same day.

We evaluated developmental sensitivity in two ways. First, we conducted a cross-sectional 

analysis by calculating the Pearson’s correlation between the child’s age (in months) and 

each DMC-II score. We also tested for differences in scores between each of the five age 

groups using ANOVA. Second, we conducted a longitudinal analysis examining the change 

in scores between the first and second interview for the subset of 72 children who were 

tested at two time points using paired t-tests.

We evaluated sensitivity to group differences by looking at the differences in scores between 

children with growth restrictions (stunting, wasting and underweight) and those without. 

Stunting was defined as length for age z-score (LAZ) <−2 SD below the mean according to 

the World Health Organization (WHO) growth standards (27). Wasting and underweight 

were defined as weight for height z-score (WHZ) and weight for age z-score (WAZ) <−2 SD 
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below the mean according to the WHO growth standards, respectively. For maternal 

education, children were classified as those whose mothers had no formal education versus 

those whose mothers had one or more years of formal education. We used t-tests to test for 

differences between group means. For the play materials and activities in the home, we 

calculated the Spearman’s rank correlations with the DMC-II scores, following Hamadani et 

al. (25).

Results

Reliability

The internal consistency of all three subscales and the total scale was >0.7 (Table 1), 

providing evidence that all items in each subscale measured a unitary construct. The 

interinterviewer reliability for each score ranged from 0.81 to 0.93 (Table 1), demonstrating 

that the interviewers asked the questions consistently and caregivers responded consistently 

to different interviewers. The agreement between interviewers for the nine obligatory 

observation items was also high (97% agreement). The test–retest reliability for each score 

ranged from 0.77 to 0.96 (Table 1), demonstrating that scores were consistent when 

caregivers were interviewed again after a period of 7–9 days.

Developmental sensitivity

The cross-sectional analysis showed that each DMC-II subscale score was strongly related to 

child age, with both Pearson correlations and ANOVAs resulting in highly significant 

results. For the motor score, the correlation with age in months was r(284) = 0.80 (p < 

0.0001), for the language score it was r(284) = 0.80 (p < 0.0001) and for the personal-social 

score it was r(284) = 0.74 (p < 0.0001). The differences in means between the five age 

groups (12, 15, 18, 21 and 24 months) are presented in Figure 2. The ANOVAs revealed the 

following results: for the motor score F4,281 = 150.3 (p < 0.0001), for the language score 

F4,281 = 134.6 (p < 0.0001) and for the personal-social score F4,281 = 93.9 (p < 0.0001). The 

longitudinal analysis also showed that scores within children increased significantly with 

age (Table 2).

Sensitivity to group differences

Of the 1123 children in the sample, 361 (32%) were stunted, 118 (11%) were wasted, 257 

(23%) were underweight and 155 (14%) had mothers with one or more years of education. 

Children who were stunted, wasted or underweight scored significantly lower on all three 

subscales compared to children who were not stunted, wasted or underweight, respectively 

(Table 3). Children of mothers with no education scored significantly lower on the language 

subscale only. Of the three subscales, the motor score showed the largest differences 

between groups for the three nutritional indicators, with effect sizes 0.69 SD, 0.87 SD and 

0.81 SD for stunting, wasting and underweight, respectively, while the effect sizes for 

language and personal-social development ranged from 0.31 to 0.41. The Spearman’s rank 

correlations with the variety of toys in the home were r(1119) = 0.41 for the motor score, r 
(1119) = 0.32 for the language score and r(1119) = 0.27 for the personal-social score (ps < 

0.0001). The correlations with activities with caregivers in the past 3 days were r (1119) = 
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0.19 for the motor score, r(1119) = 0.15 for the language score and r(1119) = 0.13 for the 

personal-social score (ps < 0.0001).

Discussion

We created the DMC-II by expanding the DMC, previously developed in Kenya, to a new 

context in Burkina Faso. Specifically, we added and modified a number of items, changed 

the administration procedure to permit data collection by observation as well as caregiver 

reports and developed a pictorial flip chart to help illustrate the meaning of the questions. 

Our results indicate that these modifications were implemented without changing the initial 

strengths of the DMC. The DMC-II remained easy to quickly implement (10–20 min per 

caregiver) by trained fieldworkers with no previous experience in developmental assessment.

The added element of observation was useful in several ways. First, the observation, as well 

as the flip chart, aided the data collectors in prompting the caregiver’s memory and ensuring 

that she understood each question clearly. Second, the inclusion of observation as well as 

caregiver response allowed us to expand the item pool beyond skills for which all caregivers 

could easily recall their child’s ability. For example, a caregiver might not know if a child 

can scribble with a pen or throw a ball if these play materials are not available in the 

household. However, we expect children to develop the motor coordination to do these 

activities even if they have not previously attempted the activity. Through observation, we 

were able to determine whether the child could do the skill even if he or she had never 

attempted it before. We also administered an interview to gather information concerning the 

types of play materials available in the home as well as other aspects of the home 

environment, which is important information for the interpretation and analysis of 

developmental scores.

Moreover, the DMC-II retained good psychometric properties, similar to those reported for 

the DMC. We observed adequate internal, test–retest and interinterviewer reliability, which 

are a prerequisite of a good standardised measure (28). The high internal consistency of the 

76 item scores indicates that the three subscales form a unitary construct ‘developmental 

level’ providing justification for use of both a total score and the subscale scores. Correlation 

with age and progression in scores as children grow older indicates the sensitivity of the 

DMC-II to developmental changes and shows that the DMC-II may be a valuable tool in 

monitoring child development over time. Future work needs to investigate the possibility of 

incorporating this tool into routine monitoring strategies for children in Burkina Faso and 

other similar settings.

Due to the absence of a locally appropriate gold standard developmental assessment or 

diagnosis of developmental disorders, we could not evaluate many aspects of validity. 

However, we evaluated the extent to which the DMC-II is sensitive to true group differences, 

in this case, whether it can discriminate between children with and without compromised 

anthropometric status. We observed that children with compromised anthropometric status 

had lower scores, on average, which is consistent with what has been reported for the earlier 

DMC and also with other measures in Africa (5,8). Moreover, the effect sizes we found were 

similar to the effect sizes reported in a recent study which used the Bayley Scales of Infant 
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Development 2nd edition (BSID-II) to assess motor development in children under the age 

of 2 years in Tanzania (29). The BSID-II motor scale yielded effect sizes of 0.47 for 

stunting, 0.89 for wasting and 0.85 for underweight, while the DMC-II motor scale yielded 

effect sizes of 0.69, 0.87 and 0.81, respectively.

The DMC-II scores also showed the expected relations with the variety of play materials in 

the home and activities with caregivers. A recent study in Bangladesh analysed the 

correlations between these same measures and the BSID-II scores. The Spearman’s rank 

correlation between the BSID-II motor score and the variety of play materials was 0.20 and 

with play activities was 0.19, while the DMC-II motor score resulted in correlations of 0.41 

and 0.19, respectively. The Spearman’s rank correlation between the BSID-II mental score 

and the variety of play materials was 0.27 and with play activities was 0.29, while the DMC-

II language score resulted in correlations of 0.32 and 0.15, respectively. Thus, for 

environmental variables, just as for markers of undernutrition, the DMC-II yielded effect 

sizes similar to the BSID-II, which is a tool designed for children in high-income countries 

and which requires more extensive tester training and time for administration than the DMC-

II.

While children of mothers with no education had slightly lower DMC-II motor and language 

scores compared to those with at least 1 year of formal education, only the language score 

was significantly different between groups. This is consistent with the results from the 

earlier analysis of the DMC and other results from Africa (9,20,21). In resource poor 

settings, additional maternal education and knowledge may have limited impact on child 

development if households lack access to the necessary resources to enhance child 

development. The weak effect of maternal education may also be explained by the generally 

low levels of education in this sample. The average number of years of education was only 

0.6 years. Of the 1123 mothers in this study, only 155 (14%) had been to school and only 19 

(2%) had attended school beyond grade six. A few years of elementary education may not be 

enough for the emergence of an association between maternal education and children’s 

developmental attainment.

One limitation of our study was the small size of the sample in which test–retest reliability 

and interinterviewer reliability were evaluated (n = 16). The large study area and the heavy 

workload of the data collectors made it difficult to conduct a large number of repeat visits in 

this study. Future work should examine test–retest and interinterviewer reliability of the 

DMC-II in a larger number of children and in children at different ages.

Our report not only presents the results of the development of a new measure, but also 

highlights some of the procedural considerations that must be taken into account when one 

is developing measures for use in a context where there have previously been no or limited 

psychological assessments. Consistent with other studies (5,8,9,30), we illustrate how the 

use of systematic adaptation procedures leads to the development of measures that are 

culturally and contextually relevant with sound psychometric properties.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key notes

• Finding solutions to prevent developmental delays caused by malnutrition and 

other conditions prevalent in Sub-Saharan Africa requires developmental 

assessment tools appropriate for the region.

• We expanded the Developmental Milestones Checklist, previously developed 

in Kenya, to a new West African context without changing its strengths.

• The DMC-II demonstrated high reliability and sensitivity to age, malnutrition 

and environmental variables and trained fieldworkers with no previous 

experience found it quick and easy to implement.
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Figure 1. 
An example of a flip chart picture that supported the question ‘Does your child hold a pen in 

any way with the intention to draw or write?’
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Figure 2. 
Mean score for each age group for each DMC-II subscale. Error bars show the standard 

deviation of the mean.
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Table 1
Internal consistency, interinterviewer reliability and test–retest reliability of each DMC-II 
score

Internal consistency Interinterviewer reliability Test–retest reliability

n Cronbach’s alpha n r ICC N r ICC

Motor 1123 0.84 15 0.88 0.88 16 0.96 0.95

Language 1123 0.70 15 0.85 0.81 16 0.77 0.77

Personal-social 1123 0.74 15 0.91 0.90 16 0.93 0.91

Total score 1123 0.88 15 0.93 0.93 16 0.96 0.96
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Table 2
Increase in scores within children tested at two time points

12 and 18 months
n = 16

15 and 18 months
n = 22

18 and 21 months
n = 20

18 and 24 months
n = 14

Mean increase (SD) t Mean increase (SD) t Mean increase (SD) t Mean increase (SD) t

Motor 17.3 (6.3) 10.9*** 6.9 (5.4) 6.0*** 5.5 (6.8) 3.6** 7.1 (6.9) 3.9**

Language   4.9 (2.2)   8.7*** 3.5 (2.6) 6.3*** 4.3 (3.6) 5.4*** 5.7 (3.3) 6.4***

Personal-social   7.9 (5.3)   5.9*** 5.1 (4.3) 5.6*** 3.3 (3.5) 4.2*** 5.1 (5.1) 3.8**

***
p < 0.001.

**
p < 0.01.
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Table 3
Differences in DMC-II subscale scores based on stunting, wasting, underweight and 
maternal education in children age 18.3 (+/− 0.4) months

n
Raw score
mean (SD)

z-score
mean (SD) n

Raw score
mean (SD)

z-score
mean (SD) t-value

Stunting (LAZ <−2) Not stunted Stunted

   Motor 762 52.4 (4.6) 0.22 (0.76) 361 48.2 (7.8) −0.47 (1.28) 11.25***

   Language 762 20.5 (2.8) 0.12 (0.94) 361 19.5 (3.2) −0.24 (1.08)   5.64***

   Personal-social 762 46.7 (4.0) 0.10 (0.92) 361 45.4 (4.9) −0.21 (1.13)   4.89***

Wasting (WHZ <−2) Not wasted Wasted

   Motor 1005 51.6 (5.3) 0.09 (0.86) 118 46.2 (10.0) −0.78 (1.63)   9.20***

   Language 1005 20.3 (2.9) 0.04 (0.96) 118 19.2 (3.8) −0.34 (1.25)   3.92***

   Personal-social 1005 46.4 (4.1) 0.04 (0.95) 118 45.1 (5.8) −0.27 (1.33)   3.15**

Underweight (WAZ <−2) Not underweight Underweight

   Motor 866 52.1 (4.7) 0.18 (0.77) 257 47.2 (8.6) −0.62 (1.40) 11.93***

   Language 866 20.5 (2.8) 0.09 (0.94) 257 19.3 (3.4) −0.31 (1.14)   5.79***

   Personal-social 866 46.6 (4.1) 0.07 (0.94) 257 45.3 (5.1) −0.23 (1.17)   4.35***

Maternal education One or more years No maternal education

   Motor 155 51.7 (5.5) 0.11 (0.90) 963 50.9 (6.3) −0.02 (1.02)   1.54

   Language 155 20.7 (3.0) 0.16 (0.99) 963 20.1 (3.0) −0.02 (1.00)   2.07*

   Personal-social 155 46.2 (4.1) –0.02 (0.96) 963 46.3 (4.4)   0.00 (1.01)   0.29

***
p < 0.001.

**
p < 0.01.

*
p < 0.05.
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