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Abbreviations  

BSID-III = Bayley Scales of Infant and Toddler Development, Third Edition 
CDI= MacArthur Communicative Development Inventory 
CI= Confidence interval 
COPSAC2010 = COpenhagen Prospective Studies on Asthma in Childhood2010  
PCA = Principal Component Analysis 
PC = Principal Component 
WHO = World Health Organization 
 

Category of study: This is a clinical study 

 

Abstract  

Aim: The objective of this study was to identify possible pre- and postnatal factors influencing 
neurodevelopment of the young child.  

Methods: We used data from the Copenhagen Prospective Studies on Asthma in Childhood 2010 
(COPSAC2010) mother-child cohort, but excluded those with a neurological diagnosis, born <37 weeks 
of gestation and birth weights <2500g, resulting in 650 children analyzed. Neurodevelopment was 
assessed as age of achievement of early milestones, language scores at 1 and 2 years and cognitive 
score at 2 ½ years of age. 

Results: Neurodevelopmental scores were not associated with breastfeeding, persistent wheeze, 
eczema, and number of sick days (p>0.05 in all tests). Early age at milestone achievement was 
associated with male sex (p=0.05), lower maternal age (p=0.02), higher gestational age (p<0.001) 
and paternity leave (p=0.01). A higher 1-year language score was associated with female sex 
(p=0.02) and maternal smoking during pregnancy (p=0.01) and a higher 2-year language score with 
female sex (p<0.001) and being first born (p=0.01). A higher cognitive score was associated with 
female sex (p=0.02).  

Conclusion: Neurodevelopmental scores were unrelated to breast-feeding, persistent wheeze, 
eczema, and number of sick days. 

Neurodevelopment in early childhood was mostly associated with gender.  

 

Key Notes 

Multiple prenatal and early life risk factors can influence neurodevelopment of the child. 

Breastfeeding has been shown to increase IQ, whereas asthma and eczema in infancy have been 

suggested to have a negative effect on neurodevelopment.   
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This study shows no association between breastfeeding, persistent wheeze and eczema and 

neurodevelopment of the young child, but identifies gender as the most consistent determinant. 

 
Introduction 
Early life exposure may play a role shaping neurodevelopment(1) and be an important indicator of 
the child’s subsequent life achievements(2,3). Neurodevelopment, including cognitive function such 
as intelligence and language as well as fine and gross motor skills, depends on the pre- and postnatal 
development of the brain, which is affected by both genetic and environmental factors. During the 
last trimester of fetal life and the first two years of childhood, the brain undergoes a period of rapid 
growth(4) where it reaches 80% of its adult weight. Throughout this period the brain development is 
particularly vulnerable to the pre- and perinatal environment including not just biological factors like 
lack of oxygen or extreme prematurity, but also other factors like socio-demographic 
determinants(5), stress and nutrition(2,3). Higher IQ later in life has been associated with a longer 
duration of breastfeeding(6). Delayed neurodevelopment in childhood has been associated with 
chronic inflammatory disease such as asthma, eczema and allergic sensitization in infancy (7) and 
conversely delayed neurodevelopmental scores have also been shown to predate later development 
of such disorders(8), though in general the studies have shown ambiguous results(9,10).  

The aim of this study was to identify prenatal and early life factors associated with achievement of 
developmental milestones, and scores in language and cognitive tests in the Copenhagen 
Prospective Studies on Asthma in Childhood 2010 (COPSAC2010) mother-child cohort. We explored 
whether early neurodevelopment was associated with duration of breastfeeding, sex, being a first 
born, paternity leave, smoking during pregnancy, gestational age, maternal age, age at start daycare, 
maternal education and furthermore examined potential effects of persistent wheeze, eczema and 
number of sick days in the first three years of life. 
 
 
Methods 
Study design and participants 
The COPSAC2010 is a population-based clinical prospective mother-child cohort study of 738 pregnant 
women and their children recruited during 2008-2010 which has previously been described in 
details(11). The study was conducted in accordance with the guidelines in the Declaration of Helsinki 
and approved by the Ethics committee for Copenhagen (H-B-2008-093) and the Danish Data 
Protection Agency (j.nr. 2008-41-2599). Both parents gave informed consent prior to enrollment of 
the children. 

The children were enrolled in the study at 1 week of age, excluding anyone with severe congenital 
abnormality. The children were followed in the COPSAC clinical research units with 11 planned visits 
during their first three years of life. Children with a neurological diagnosis, born <37 weeks of 
gestation and birth weights <2500g where excluded from the present study.   
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Neurodevelopmental assessment 
Milestones  
At the child's first visit (1 week of age) the parents received a registration form, with thorough 
instructions, based on The Denver Development Index(12) and WHO (World Health Organization) 
milestones registration(13). Dates of achievement of 13 predefined milestones were registered 
prospectively by the parents. Implementation of the prospective milestone registration started after 
the first 500 children were born, and some of the milestones of these children were therefore 
registered retrospectively. 

 

Language development 
Language development was assessed with the Danish version of The MacArthur Bates 
Communicative Developmental Inventory (CDI)(14). The assessment was performed by a web-based 
questionnaire filled out by parents around the child’s 1st (CDI-WG: Words and gesticulation) and 2nd 
year birthdays (CDI-WS: Words and sentences). The 1-year questionnaire evaluates language 
comprehension, early word production and gestural communication and the 2-year questionnaire 
assesses vocabulary, grammatical skills, syntax and morphology.  

 

Cognitive development 
Cognitive development was assessed at 2½ years of age, using the cognitive part of the third edition 
of the Bayley Scales of Infant and Toddler Development (BSID-III)(15). 10 examiners performed 
examinations under video surveillance, and inter-examiner consistency was all checked by the first 
author inspecting of every video recordings blinded for the children’s score. During the 
examinations, the examiner presented a series of test materials to the child and observed the child's 
responses and behavior. Based on its performance, the child was given a composite score, which 
was standardized by use of a normalization material of age corrected means of 100 and a standard 
deviation of 15 (range 50-150). 

 

Further methodological details regarding neurodevelopment are described in Appendix S1. 

 

Predictors of neurodevelopmental outcomes 
Information regarding factors potentially associated with the child´s neurodevelopment was 
collected prospectively during the scheduled visits to the COPSAC clinics. This included information 
regarding pregnancy and birth (i.e. sex, ethnicity, anthropometric data, congenital disease, 
gestational age, maternal smoking during pregnancy and maternal age at delivery), home 
environment (i.e. older siblings, language spoken), socioeconomic and educational status, paternal 
leave and age at start in daycare.  
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Duration of breastfeeding 

Information on breastfeeding was obtained longitudinally by interviews and investigated as duration 
of exclusive breastfeeding and total breastfeeding period. Breastfeeding was evaluated as both 
continuous variables and grouped: Exclusive breastfeeding (0-1 month, 1-4 months, 4-6 months, >6 
months) and total breastfeeding (0-1 month, 1-4 months, 4-6 months, 6-12 months, >12months). 

 

Clinical predictors of neurodevelopment 
Respiratory and skin symptoms were recorded by the parents in daily diaries from birth to 3 years.  
Persistent wheeze was diagnosed according to a previously validated quantitative algorithm(16) 
requiring all of the following: (1) recurrent troublesome lung symptoms (verified diary recordings of 
≥5 episodes of troublesome lung symptoms lasting ≥3 days within 6 months or continuous 
troublesome lung symptoms >4 weeks); (2) typical symptoms of asthma, e.g. exercise induced 
symptoms, prolonged nocturnal cough, persistent cough outside common cold; (3) need for 
intermittent bronchodilator; and (4) response to a 3-month trial of inhaled corticosteroids and 
relapse upon cessation(16).  
Eczema diagnosis was based on the criteria of Hanifin and Rajka, which requires the presence of 3 of 
4 major criteria and ≥3 of 23 minor signs(17).  

 

Diagnoses of persistent wheeze and eczema at any time point before age 3 were used as 
dichotomized end-points. 

Sick days: Infections, categorized as common cold, pneumonia, pharyngitis, otitis, fever, gastro-
intestinal infection were monitored in the daily diaries. The number of days with either troublesome 
lung symptoms and/or infection in the child’s first year was used as a continuous variable to define 
“number of sick days in first year of life”.   

 

Statistical analysis 
All variables were tested for normal distribution and differences in the population characteristics 
were determined by Chi-square test, Student’s t-test, or Wilcoxon’s rank-sum test. Missing data was 
treated as missing observations, except in the principal component analysis (PCA) of milestones. 

 

Principal component analysis (PCA) was used to extract underlying latent components (principal 
components, PCs), which describe the systematic part of the variation across the original milestones 
and language variables in fewer uncorrelated variables. For the milestone data we used probabilistic 
PCA (R) to generate the PCs, as this analysis can analyze full data set with missing values, assuming 
that the missing values are at random. No transformation of data was needed for language data as 
there were no missing values.  Linear or logistic regression analysis was used where appropriate to 
determine significant predictors of neurodevelopmental test scores. All the a priori factors identified 
as possible predictors of neurodevelopment where included in the model (sex, parity, smoking 
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during pregnancy, gestational age, maternal age at delivery, maternal educational level, 
breastfeeding duration, paternal leave, and age at start in daycare). Analyses of clinical predictors 
(persistent wheeze, eczema and sick days) were adjusted for sex.   

 

To examine correlations between neurodevelopmental endpoints, a heatmap was drawn based on 
Spearman´s correlations between all variables, using pairwise complete observations. For 
presentation, the variables were clustered using hierarchical clustering of euclidean distances, and 
drawn using the R package “pheatmap”.  

 

A significance level of 0.05 was used in all types of analysis. All estimates were reported with 95% 
confidence intervals (CI).  The data processing was conducted using SAS version 9.3 for Windows 
(SAS Institute Inc., Cary, NC, USA) and R version 3.3.0 (R core team 2016), with the packages 
“ggplot2”, “ggbiplot2” and “ggrepel”. 

 

Results 
Baseline characteristics 
A total of 700 children were included in the COPSAC2010 cohort at birth with a clinical follow-up rate 
of the cohort of 98% at age 1 year; 95% at age 2 years; and 94% at age 3 years. 34 children were 
excluded from the neurodevelopmental analysis: 5 because of a neurological diagnosis, 24 because 
they were born prematurely and 5 because of low birth weight. Furthermore, 16 children did not 
complete any of the neurodevelopmental tests, leaving 650 eligible children with 
neurodevelopmental assessment. Figure 1 shows the flow of participants throughout the study.  

 

Baseline characteristics of the participants is shown in Table 1. The children were solely breastfeed 
for 104 days (SD 60) and the total length of breastfeeding was 245 days (SD 155). During the first 
year of life, the children had a median of 48 (IQR, 28-79) days with either an infection and/or 
troublesome lung symptoms. By the age of 3 years, persistent wheeze had been diagnosed in 19% 
(123 children), and eczema in 25% (165 children). There were no significant differences in the 
baseline characteristics between the children, who completed the neurodevelopmental endpoints 
and the ones, who did not. 

 

Neurodevelopment 
Milestones 
At least one of the 13 milestones were registered by 610 of the families and Figure 2 shows the age 
of milestone achievement in these children. In the PCA all the milestones were positively correlated 
in the first principal component (PC1), which explained 37% of the variation and was driven primarily 
by the late gross-motor milestones (crawling, walking and standing). The second principal 
component (PC2) explained 16% of the variation and was primarily driven by the early milestones 
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(smiling, lifting the head, and sitting with support) and the later milestones in opposite directions 
(Supplemental Figure S1). PC1 and PC2 were used as the main milestone variables in our predictor 
analysis as they explained the majority of the variation in our dataset.  

 

Early age at milestone achievement was associated with male sex (PC1, p=0.05), lower maternal age 
at birth (PC1, p=0.02), as well as higher gestational age (PC1, p<0.001; PC2, p=0.01) and paternity 
leave (PC2, p=0.01) (Table 2).  

 

Analysis of the original milestone variables by conventional statistics using regression analysis 
confirmed these findings as boys achieved 9 out of 13 milestones at a younger age than the girls, 12 
out of 13 milestones showed early attainment correlated with lower maternal age, and 13 out of the 
13 milestones showed early attainment correlated with high gestational age and (demonstrated in 
Supplemental figures S5-S7).  

 

Language development  
Complete language data at 1 and 2 years of age was obtained from 323 and 470 participants, 
respectively. The overall results from the language tests are shown in Table 3. 

 

The 1-year language scores were all positively correlated in the PCA model, where PC1 explained 
53% of the overall variation in the dataset (Supplemental Figure S2), which was therefore used as a 
combined measure of 1-year language development. A higher 1-year language score was associated 
with female sex (p=0.02) and maternal smoking during pregnancy (p=0.01) (Table 4). Analysis of 
word production as the endpoint (data not shown) confirmed that maternal smoking during 
pregnancy was the strongest predictor for the 1-year language development (mean difference=5.3 
words (95% CI= 2.4, 8.2), p<0.001). 

 

The 2-years language scores were all positively correlated in the PCA model, where PC1 explained 
60% of the variation in the dataset (Supplemental Figure S3). A higher 2-year language score was 
associated with female sex (p<0.001) and being first born (p=0.01) (Table 4). Analysis of word 
production as the endpoint (data not shown) confirmed that female sex was the strongest predictor 
for 2-year language development (mean difference=63 words (34-91), p<0.001). 
 

Cognitive score 
601 children completed the BSID-III test. The mean composite score was 104.9 (SD 9.8). There were 
no differences in scores among the 10 persons performing the tests. Nevertheless, we included test 
person as a possible confounding factor in our analysis. A higher cognitive score was only 
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significantly associated with female sex (p=0.02); girls scored 1.88 (95% CI: 0.30-3.47) points higher 
than boys (Table 4). 

 

Neurodevelopment and breastfeeding period 
None of the neurodevelopmental endpoints was significantly associated with the continuous 
variables of exclusive or total breastfeeding duration. The same was found when categorizing the 
exclusive and total breastfeeding periods as <1month, 1-4 months, 4-6 months, >6 months (Table 5).   
 

Neurodevelopment and clinical predictors in the first years of life 
None of the neurodevelopmental endpoints was significantly associated with any of the clinical 
predictors: persistent wheeze 0-3yrs, eczema 0-3yrs or number of sick days in the first year of life 
(Table 6).  
 

Correlation between neurodevelopmental endpoints 
A heat map with all the original milestones, 1- and 2-year language scores and the BSID-III composite 
score (Supplemental Figure S4), showed that all the language scores and all the milestone were 
inter-correlated and that the composite score of the BSID-III was highly correlated with the 2-year 
language scores.  

 

Discussion 

Principal Findings 
We found that all neurodevelopmental scores in early childhood was markedly sex determined with 
boys achieving motor milestones at an earlier age whereas girls had higher language scores and a 
higher cognitive composite score. None of the neurodevelopmental scores was influenced by 
persistent wheeze, eczema, or number of sick days in the first years of life. Particularly, neither 
milestone, language nor cognitive scores were influenced by breastfeeding duration. 

 

Strengths and Limitations 
It is a significant strength, that the study was conducted in an unselected population-based cohort, 
which increases external validity. Furthermore, the longitudinal design, following the children from 
birth until age 3 allowed neurodevelopmental assessment at 11 visits to the research clinic. The fact 
that all the assessors were well-known to the children may also have increased test compliance and 
feasibility. 

 

The specificity of the clinical endpoints is high as the children were followed in a comprehensive 
clinical program including a daily symptom diary and standardized diagnoses of clinical endpoints. 
Another advantage of the design is the comprehensive information on factors possibly influencing 
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neurodevelopment including information on breastfeeding duration, introduction of infant formula, 
and weaning foods obtained prospectively by interviews.  

 

The PCA approach was a valid method to reduce milestone and language scores to fewer 
uncorrelated variables, which reduces the risk of multiple testing. 

 

The main limitation of our study is the lack of assessment of parental IQ and parental stimulation of 
the child. Another possible limitation is the retrospective registration of milestones for some 
children, increasing the risk of recall bias. However, studies have shown an excellent correlation 
between gross motor milestones evaluated by a pediatric neurologist and parental recollection of 
the age of milestone achievement two years later(18).  

 

Finally, the number of research personnel, who performed the cognitive test is a possible 
disadvantage. However, the same person trained them, and all sessions were video recorded 
allowing for subsequent review by the first author, where no differences in scores were found.  

 

Interpretation 
The COPSAC2010 children achieved gross motor milestones at a later age than children in the WHO 
Multicenter Growth study, but at a similar age as the Norwegian children in the same study (19), 
which might indicate a culture-specific care behavior. All the developmental outcomes in the study 
were within normal range. 

 

Overall the 1 and 2-year language scores in the COPSAC2010 cohort were lower than in other cohort 
studies(20) and slightly lower than in an another Danish birth cohort(21). It is known that Danish 
children generally score lower on both the 1 and 2-year language tests(22) and it has been suggested 
that the delay is related to the nature of Danish sound structure, which presents Danish children 
with a harder task of segmentation(22). However, it could also be affected by cultural differences 
and early attendance to daycare in Denmark(22).  

 

The mean cognitive score from the BSID-III test was slightly above average (104.8, SD 9.8), and no 
children scored less than 85. The average score was similar to other cohort studies of healthy 
children(7,23) and the lack of participants with scores of less than 85 might be due to a selection 
bias in the cohort or the exclusion criteria including prematurity and neurological disorders in our 
study.  
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None of the neurodevelopmental outcomes was influenced by breastfeeding duration. More than 
90% of the cohort were breastfed for more than 1 month. The children were followed closely from 
birth and we were able to take multiple social factors into account to strengthen the reliability of our 
results. The duration of breastfeeding has previously been associated with both increased cognitive 
function in school age(24) and adult IQ(6). Thereby our study could point towards effects occurring 
later in life or perhaps more likely that a successful long breastfeeding period may be determined 
and thereby confounded by social factors. Alternatively, the lack of association could be due to an 
improved composition of infant formula feeding over the last decades.  

 

Milestones were achieved at an earlier age in boys than in girls, which is in contradiction to a 
previous large multicenter study(19), but in agreement with another Danish study(25). Both 
language and cognitive scores were higher for girls than boys, which is in agreement with a number 
of other studies(5,23) and might be explained by the fact that girls on average mature faster than 
boys(26). We found higher language scores at 1 year associated with smoking during pregnancy, but 
did not find any associations with the other neurodevelopmental scores, which may indicate a 
spurious finding. Maternal smoking during pregnancy has in previous studies been shown to be a 
potential confounder of psychomotor development, both as a positive(27) and negative factor(28). 
In contrast to previous studies(5,21,29), we did not find significant associations between any of the 
neurodevelopmental scores and maternal education. The effects of gestational age, maternal age 
and being first born were in concordance with previous studies(27,30). 

 

Lastly, we were unable to see any associations between the neurodevelopmental outcomes and 
persistent wheeze or eczema. These results are contradicting a previous study showing that children 
with allergic sensitization and especially eczema at 12 months, had lower motor scores at 18 months 
of age(7). The inconsistencies of these finding might be explained by the age of assessment or the 
method of evaluation of the neurodevelopmental outcome. Furthermore, our close clinical follow up 
of the children assures early diagnosis and immediate initiation of the relevant treatment, thus 
minimizing negative effects of the disease. 

 

Conclusion 
Early life neurodevelopment was not influenced by breastfeeding, contradicting previous reports. 
This could point towards residual confounding in previous studies or enhanced infant formulas over 
the last decades. This study confirms all neurodevelopmental outcomes being associated with sex, 
with motor milestones being achieved at an earlier age among boys, whereas higher language and 
cognitive scores were found among girls. A younger age of milestone achievement was observed 
with lower maternal age, higher gestational age and paternal leave; a higher one year language 
score was associated with maternal smoking in pregnancy and a higher two year language score with 
being first born. We did not find any association between neurodevelopmental outcomes and 
persistent wheeze, eczema or number of sick days. 
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Figures: 

Figure 1.  Flow chart of the study participants through the trial and main outcome measures 
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Figure 2. Box-plot of the window of achievement of developmental milestones   
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Tables 
Table 1.  Baseline characteristics of the COPSAC2010 cohort and the children that completed the 
different neurodevelopmental test outcomes. 

 All 
n=700 

Milestones 
n=610 

1 y 
language 

n=320 

2y 
language 

n=470 

Bayley 
n=601 

Birth cohort      

Boys, % (n) 51% (360) 51% (297) 50% (160) 51% (236) 51% (293) 

Mother’s age at birth, mean ±SD, 
years 

32.3 ±4.4 32.3 ± 4.3 32.3 ± 4.2 32.3 ± 4.2 32.3 ± 4.3 

Caucasian % (n) 96% (669) 96% (588) 97% (323) 98% (463) 96% (580) 

Pregnancy and birth      

Gestational age, mean ±SD, weeks 39.9 ± 1.7 40.1 ± 1.3 40.1 ± 1.3 40.1 ± 1.2 40.1 ± 1.2 

Weight 1 week, mean ± SD, kg 3.6 ± 0.5 3.6 ± 0.5 3.6 ± 0.5 3.6 ± 0.5 3.6 ± 0.5 

Length 1 week, mean ± SD, cm 52.1 ±2.2 52.1 ± 2.1 52.2 ± 2.1 52.1 ± 2.2 52.1 ± 2.1 

Head circumference at 1 week,  
mean ± SD, cm 

35.7 ±1.4 35.7 ± 1.3 35.7 ± 1.3 35.7 ± 1.3 35.7 ± 1.4 

Apgar score at 5 min., mean ±SD 9.9 ±0.34 9.9 ± 0.33 9.9 ± 0.23 9.9 ± 0.33 9.9 ± 0.33 

Exposure      

Birth order, % first born, (n) 46% (323) 45% (279) 44% (145) 43% (205) 46% (277) 

Smoking during pregnancy, % (n) 7.7%(54) 7.2% (44) 6.0% (20) 6.1% (29) 7.4% (43) 

Duration of solely breastfeeding,  
mean ± SD, days 

104 ± 60 104 ± 59 105 ± 59 107 ± 58 105 ± 59 

Duration of total breastfeeding, 
mean ± SD, days 

245 ± 155 246 ± 147 248 ± 140  251 ± 142 248 ± 152 

Age at start in daycare, mean ± SD, 
months 

10.8 ± 3.1 10.8 ± 3.1 10.9 ± 3.2 10.7 ± 3.1 10.8 ± 3.0 

Paternity leave >4 weeks, % (n) 53% (354) 54% (323) 55% (179) 54% (249) 53% (313) 

Socioeconomic variables      

Maternal educational  level 
 (% Low: Medium: High) 1 

8:64:28 7:65:28 7:64:30 7:64:29 8:65:28 

Annual household income  
(% Low: Medium: High) 2 

10:53:37 10:52:38 9:51:40 10:51:40 10:52:38 

Clinical predictors3      

Persistent wheeze, % (n) 19% (123) 18% (108) 19% (61) 18% (83) 18% (108) 

Eczema, % (n) 25% (165) 26% (153) 26%(85) 26% (121) 26%(154) 

Days sick in first year of life,  
median (25th-75th percentile) 

48(28-79) 49 (28-80) 47 (28-74) 50 (28-82) 48 (28-80) 

1: Low (elementary school or college graduate), Medium (tradesman or medium length), and High (university candidate) 
2: Low (<55.000 Euros/year), High (>110.000 Euros/year)  
3 Prevalence of persistent wheeze and eczema in the 660 children who have full follow up to 3 years. Days sick in first year of 
life is given for the 522 children with a full diary registration (365 days)   
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Table 2. Multivariable analysis of factors associated with overall age of milestone development1 
Predictor PC 1 

Effect (95% CI) 
PC 2 

Effect (95% CI) 
Sex (Female/Male)  0.32 (0.00, 0.63)

P=0.05 
0.02 (-0.20, 0.22)

P=0.96 

First born  (Y/N) -0.04 (-0.38, 0.30) 
P=0.83 

-0.11 (-0.34, 0.11) 
P=0.33 

Paternity leave (Y/N) -0.01 (-0.33, 0.31) 
P=0.96 

-0.28 (-0.50, -0.06) 
P=0.01 

Smoking during pregnancy (Y/N) 0.15 (-0.48, 0.78) 
P=0.64 

0.30 (-0.13, 0.72) 
P=0.17 

Gestational age (weeks) -0.23 (-0.36, -0.11)
P<0.001 

-0.11 (-0.20, -0.03)
P=0.01 

Maternal age at birth (years) 0.05 (0.01, 0.09)
P=0.02 

0.02 (-0.01, 0.05)
P=0.22 

Age start daycare (months) -0.02 (-0.07, 0.03) 
P=0.37 

-0.02 (-0.05, 0.01) 
P=0.26 

Mother’s education P=0.60 P=0.56 

 -High 0.18 (-0.20, 0.55) -0.06 (-0.31, 0.19) 

 -Medium (ref) 0 0 

 -Low 0.16 (-0.46, 0.79) -0.22 (-0.64, 0.20)

Abbreviation: CI= confidence intervals, PC= Principal Component from PCA in On-line Figure S1 
PC1 & PC2 explained 37% and 16% of the overall variation in the data, respectively.  
PC1: Mostly driven by the later milestones (crawling, walking and standing) 
PC2: Mostly driven by the early milestones (lifting the head, smiling, laughing, sitting with help and 
lifting the chest) and later milestones (crawling, walking, standing) in opposite directions. 
 
1The estimate for each predictor is adjusted for all the other predictors using a multiple linear 
regression model. The effects are expressed as either differences in means (categorical variables) or 
β (continuous variables) with (95% CI). All bolded values in the tables are significant (p<0.05). 
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Table 3. Language development at 1 and 2 years of age assessed by MacArthur Bates 
Communicative Developmental Inventory and cognitive scores at 2½ years of age assessed by Bayley 
III1. 

1 year language test 
n=320

Age at test (months), mean ± SD 12.2 ± 0.3 

Starting to talk (labeling and/or imitation) (%)  47.4 

Early gestures (n out of 18), mean ± SD 11.2 ± 2.6 

  Girls - early gestures 11.6 ± 2.6 

  Boys – early gestures 10.8 ± 2.6 

Late gestures (n out of 45), mean ± SD 8.9 ± 5.2 

Phrases understood (n out of 26 ), mean ± SD 9.8 ± 5.2 

Vocabulary comprehension (n of words from a list of 409), median (25th -75th 
percentile) 

39 (20-66) 

Vocabulary production (n of words from a list of 409), median (25th -75th 
percentile) 
 

3 (1-7) 
 

2 year language test 
n=470

Age at test (months), mean ± SD 24.2 ± 0.3 
Vocabulary production (n of words from a list of 725), median, (25th – 75th 
percentile) 
 

250 (121-364)
 

  Girls – vocabulary production 287 (162-401) 

  Boys – vocabulary production 197 (79-327) 

Use of abstract words (n from a list of 5), median (25th- 75th percentile) 
 

5 (4-5) 

Uses grammar (%) 
 

67.2 
 

  Girls – uses grammar 73.7

  Boys – uses grammar 61.0

Irregular words (n from a list of 29), median (25th – 75th percentile)
 

2.0 (0-6)
 

  Girls – irregular words 3 (1-7)

  Boys – irregular words 2 (0-5)

Overregularized words (n from a list of 61 ), median (25th – 75th percentile) 
 

0 (0-2)
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Length of longest sentences (n of morphemes), mean ± SD 
 

3.6 ± 1.6 
 

  Girls – longest sentence 4.0 ± 1.5 

  Boys – longest sentence 3.2 ± 1.5 

Sentence complexity (n of complex from a list of 33 pairs), median (25th – 
75th percentile) 
 

3 (0-7) 
 

  Girls – sentence complexity 4 (1-9) 

  Boys – sentence complexity 1 (0-5) 

Bayley test at 2 ½ years 
n=601

Age at test (months), mean ± SD 30.5 ± 0.92 

Cognitive composite score (standardized), mean ± SD 104.9 (9.80) 

  Girls – composite score 106.0 (10.4) 

  Boys – composite score 103.8 (9.9) 

1 Sexes are presented separately where there is a statistical difference in the outcomes (p<0.05) 
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Table 4.  Factors influencing 1 and 2 years language development and Bayley scores at 2 ½ years of 
age1 
 

Language 1 year Language 2 years Bayley composite 
score 

Predictor 
PC1 

Effect (95% CI) 
PC1 

Effect (95% CI) 
Composite score 
Effect (95% CI) 

Sex (F/M) 0.50 (0.08, 0.92)
P=0.02 

0.87 (0.50, 1.23) 
P<0.001 

1.88 (0.30, 3.47)
P=0.02 

First born  (Y/N) 0.21 (-0.23, 0.66) 
P=0.37 

0.48 (0.09, 0.86) 
P=0.02 

1.08 (-0.65, 2.82) 
P=0.22 

Paternity leave (Y/N) 0.01 (-0.42, 0.44) 
P=0.97 

0.09 (-0.29, 0.46) 
P=0.65 

0.66 (-0.97, 2.29) 
P=0.43 

Smoking during pregnancy (Y/N) 1.19 (0.28, 2.09)
P=0.01 

0.49 (-0.29, 1.28) 
P=0.22 

-0.89 (-4.05, 2.26)
P=0.58 

Gestational age (weeks) 0.05 (-0.12, 0.23) 
P=0.56 

0.01 (-0.14, 0.16) 
P=0.91 

0.44 (-0.21, 1.08) 
P=0.18 

Maternal age at birth (years) -0.05 (-0.10, 0.01)
P=0.10 

-0.04 (-0.09, 0.01) 
P=0.10 

-0.08 (-0.29, 0.13) 
P=0.47 

Age start daycare (months) 0.04 (-0.03, 0.10) 
P=0.29 

0.03 (-0.03, 0.09) 
P=0.37 

-0.03 (-0.29, 0.24) 
P=0.85 

Mother’s education P=0.23 P=0.37 P=0.15 

 -High -0.44 (-0.93, 0.06) -0.01 (-0.44, 0.42) 1.93 (-0.01, 3.87)

 -Medium 0 0 0 

 -Low -0.04 (-0.94, 0.85) -0.52 (-1.24, 0.21) 0.36 (-2.83, 3.56) 

Abbreviation: CI= confidence intervals; PC= Principal Component from PCA in On-line Figure S2 
PC1 at 1 year explained 53% of the variation in the dataset and is driven by all the language scores in 
the same direction. 
PC1 at 2 years explained 58% of the variation in the dataset and is driven by all the language scores 
in the same direction. 
1The estimate for each predictor is adjusted for all the other predictors using a multiple linear 
regression model. The effects are expressed as either differences in means (categorical variables) or 
β (continuous variables) with (95% confidence intervals). All bolded values in the tables are 
significant (p<0.05). 
 
 

  



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

Table 5.  Correlations between neurodevelopment and exclusive and total duration of 
breastfeeding1.  

 Age at 
milestone 

(PC1) 

Age at 
milestone 

(PC2) 

Language at 
1 year 
(PC1) 

Language at 
2 years 
(PC1) 

Bayley 
composite 

score 

Exclusively 
breastfeeding 
(months) 

-0.01 
(-0.09, 0.08) 

P=0.86 

-0.05 
(-0.11, 0.01) 

P=0.08 

-0.05 
(-0.17, 0.06) 

P=0.39 

0.00 
(-0.10, 0.09) 

P=0.93 

0.05 
 (-0.37, 0.48) 

P=0.80 
<1 month 
(N=137) 

REF REF REF REF REF 

1-4 months 
(N=166) 

0.21 
(-0.26, 0.67) 

P=0.38 

0.15 
(-0.16, 0.47) 

P=0.33 

-0.06 
(-0.69, 0.58) 

P=0.86 

-0.48 
(-1.03, 0.08) 

P=0.09 

0.39 
(-2.00, 2.78) 

P=0.75 
4-6 months 
(N=322) 

-0.18 
(-0.60, 0.23) 

P=0.39 

-0.12 
(-0.41, 0.16) 

P=0.40 

-0.30 
(-0.88, 0.27) 

P=0.30 

-0.11 
(-0.60, 0.39) 

P=0.67 

0.49 
(-1.65, 2.64) 

P=0.65 
6+ months 
(N=32) 

0.71 
(-0.11, 1.53) 

P=0.09 

-0.43 
(-0.99, 0.13) 

P=0.13 

-0.22 
(-1.26, 0.81) 

P=0.67 

0.01 
(-0.86, 0.88) 

P=0.98 

0.14 
(-3.93, 4.21) 

P=0.95 

Total 
breastfeeding 
(months) 

-0.03  
(-0.07, 0.00) 

P=0.07 

-0.03  
(-0.04, 0.00) 

P=0.09 

0.03  
(-0.02, 0.08) 

 P=0.22 

0.04  
(-0.00, 0.08) 

P=0.05 
 

0.06  
(-0.12, 0.24) 

P=0.54 

<1 month 
(N=46) 

REF REF REF REF REF 

1-4 months 
(N=77) 

0.25 
(-0.54, 1.03) 

P=0.54 

-0.10 
(-0.63, 0.42) 

P=0.70 

-0.22 
(-1.29, 0.85) 

P=0.68 

-0.09 
(-1.07, 0.89) 

P=0.86 

-1.63 
(-5.66, 2.38) 

P=0.42 
4-6 months 
(N=91) 

-0.12 
(-0.88, 0.64) 

P=0.76 

0.12 
(-0.39, 0.62) 

P=0.64 

-0.34 
(-1.36, 0.67) 

P=0.50 

0.20 
(-0.74, 1.14) 

P=0.68 

-0.68 
(-4.56, 3.20) 

P=0.73 
6-12 months 
(N=340) 

0.27 
(-0.40, 0.94) 

P=0.43 

-0.16 
(-0.61, 0.29) 

P=0.49 

-0.54 
(-1.47, 0.37) 

P=0.24 

0.37 
(-0.44, 1.23) 

P=0.40 

-1.32 
(-4.81, 2.17) 

P=0.46 
12+ months 
(N=102) 

-0.29 
(-1.06, 0.49) 

P=0.47 

-0.10 
(-0.62, 0.42) 

P=0.70 

0.35 
(-0.69, 1.39) 

P=0.51 

0.79 
(-0.17, 1.75) 

P=0.11 

0.77 
(-3.21, 4.75) 

P=0.70 
Abbreviation: PC= Principal Component from PCAs in On-line Figure S1 and S2 
1The estimate for each predictor is adjusted for all other predictors using a multiple linear regression 
model. The effects are expressed as either differences in means (categorical variables) or β 
(continuous variables) with (95% confidence intervals), using the neurodevelopmental score as the 
outcome.  
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Table 6.  Correlations between neurodevelopment and persistent wheeze, eczema and sickness in 
the first years of life1  
 Age at 

milestone 
(PC1) 

Age at 
milestone 

(PC2) 

Language at 
1 year 
(PC1) 

Language at 
2 years 
(PC1) 

Bayley 
composite 

score 

Persistent wheeze 
(yes/no) 
 

0.17  
(-0.25, 0.59) 

p=0.54 
 

0.01  
(-0.29, 0.27) 

p=0.95 
 

0.34  
(-0.21, 0.90), 

p=0.23 
 

0.001  
(-0.47, 0.48) 

p=0.98 
 

-0.55 
(-2.61, 1.51) 

p=0.60 
 

Eczema 
(yes/no) 

0.02  
(-0.34, 0.39) 

p=0.90 

0.09  
(-0.15, 0.34) 

p=0.46 

-0.28  
(-0.77. 0.21) 

p=0.26 

-0.15  
(-0.56, 0.26) 

p=0.48 
 

-0.58  
(-2.38, 1.22) 

p=0.53 

Sick days in first 
year of life (weeks) 

-0.03  
(-0.06, 0.002) 

p=0.07 

0.002  
(-0.02, 0.02) 

p=0.81 

0.04  
(-0.01, 0.08) 

p=0.09 

0.02  
(-0.01, 0.05) 

p=0.52 

-0.05  
(-0.20, 0.09) 

p=0.47 

Abbreviation: PC= Principal Component from PCAs in On-line Figure S1 and S2 
1The estimate for each predictor is adjusted for sex using a multiple linear regression model. The 
effects are expressed as either differences in means (categorical variables) or β (continuous 
variables) with (95% confidence intervals), using the neurodevelopmental score as the outcome. 
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Supplementary Online Figures 

Supplemental Figure S1. Biplot from principal component analysis of all the 13 milestones. 
Principal component 1 and 2 (PC1 & PC2) explained 37% and 16% of the overall variation in the 
data, respectively. PC1: Overall later milestone development. PC2: Late early milestones, early late 
motor milestones. 
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Supplemental Figure S2.  Biplot from principal component analyses of all the 1-year language 
development scores. Principal Component 1 (PC1) explained 53% of the variation in the dataset 

 

 
 
  

Phrases understood

Words understood

Word production

Early gestures

Late gestures
Total gestures

Starting to talk

−2

0

2

4

−4 −2 0 2 4 6
PC 1 (53% explained)

PC
 2

 (1
4%

 e
xp

la
in

ed
)



 

3 

 

Supplemental Figure S3.  Biplot from principal component analyses of all the 2-year language 
development scores. Principal Component 1 (PC1) explained 58% of the variation in the dataset. 
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Supplemental Figure S4. Heatmap based on spearman correlations showing the correlation 
between the neurological endpoints 

1.0

0.2

0.3

0.3

0.3

0.4

0.4

0.4

0.1

0.1

0.1

0.2

0.2

0.2

0.2

0.1

0.1

0.1

0.1

0.1

0.1

0.2

0.1

−0.0

0.1

0.0

−0.1

−0.0

0.2

1.0

0.3

0.3

0.5

0.4

0.5

0.5

0.1

0.2

0.3

0.3

0.2

0.2

0.3

0.1

0.1

0.1

0.1

0.1

0.2

0.1

0.0

0.1

0.1

0.1

0.1

0.1

0.3

0.3

1.0

0.4

0.4

0.5

0.6

0.5

0.2

0.3

0.3

0.3

0.3

0.2

0.3

0.1

0.0

0.1

0.1

0.0

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.3

0.3

0.4

1.0

0.5

0.5

0.6

0.6

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.1

0.1

0.1

0.1

0.0

0.1

0.1

0.0

−0.0

0.1

0.0

0.1

0.0

0.3

0.5

0.4

0.5

1.0

0.6

0.7

0.7

0.2

0.3

0.3

0.4

0.3

0.3

0.3

0.1

0.1

0.1

0.2

0.0

0.2

0.1

0.1

−0.1

0.0

0.0

0.0

0.0

0.4

0.4

0.5

0.5

0.6

1.0

0.8

0.7

0.2

0.2

0.2

0.3

0.2

0.2

0.3

0.1

0.0

0.1

0.1

0.0

0.1

0.2

0.0

−0.0

0.1

0.0

0.0

0.0

0.4

0.5

0.6

0.6

0.7

0.8

1.0

0.8

0.3

0.3

0.4

0.3

0.4

0.3

0.4

0.1

0.1

0.1

0.1

0.0

0.1

0.2

0.0

0.0

0.0

0.0

0.1

0.0

0.4

0.5

0.5

0.6

0.7

0.7

0.8

1.0

0.2

0.3

0.3

0.3

0.3

0.3

0.3

0.1

0.1

0.1

0.1

0.0

0.1

0.2

0.1

0.1

0.1

−0.0

0.1

0.1

0.1

0.1

0.2

0.2

0.2

0.2

0.3

0.2

1.0

0.3

0.3

0.5

0.4

0.3

0.3

0.0

0.1

0.0

−0.0

0.0

0.0

−0.1

0.0

0.1

0.1

−0.0

0.1

0.0

0.1

0.2

0.3

0.2

0.3

0.2

0.3

0.3

0.3

1.0

0.7

0.3

0.4

0.4

0.5

0.2

0.2

0.1

0.2

0.1

0.3

0.1

−0.0

0.0

−0.0

0.0

0.1

0.1

0.1

0.3

0.3

0.2

0.3

0.2

0.4

0.3

0.3

0.7

1.0

0.3

0.4

0.4

0.5

0.1

0.1

0.1

0.1

−0.0

0.2

0.0

−0.0

−0.0

−0.0

0.1

0.1

0.0

0.2

0.3

0.3

0.2

0.4

0.3

0.3

0.3

0.5

0.3

0.3

1.0

0.4

0.5

0.5

0.2

0.2

0.1

0.2

0.1

0.2

0.1

0.1

0.0

0.1

0.1

−0.0

0.1

0.2

0.2

0.3

0.2

0.3

0.2

0.4

0.3

0.4

0.4

0.4

0.4

1.0

0.5

0.7

0.2

0.2

0.1

0.2

0.1

0.2

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.2

0.2

0.2

0.2

0.3

0.2

0.3

0.3

0.3

0.4

0.4

0.5

0.5

1.0

0.9

0.2

0.2

0.2

0.2

0.1

0.3

0.2

0.0

0.1

0.1

0.1

0.0

−0.0

0.2

0.3

0.3

0.2

0.3

0.3

0.4

0.3

0.3

0.5

0.5

0.5

0.7

0.9

1.0

0.2

0.2

0.2

0.2

0.1

0.3

0.2

0.0

0.1

0.1

0.1

0.0

−0.0

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.0

0.2

0.1

0.2

0.2

0.2

0.2

1.0

0.7

0.7

0.7

0.6

0.3

0.1

0.2

0.2

0.2

0.1

0.2

0.1

0.1

0.1

0.0

0.1

0.1

0.0

0.1

0.1

0.1

0.2

0.1

0.2

0.2

0.2

0.2

0.7

1.0

0.8

0.6

0.6

0.3

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.0

0.1

0.1

0.1

0.1

0.2

0.2

0.7

0.8

1.0

0.6

0.6

0.3

0.1

0.1

0.1

0.1

0.0

0.1

0.1

0.1

0.1

0.1

0.1

0.2

0.1

0.1

0.1

−0.0

0.2

0.1

0.2

0.2

0.2

0.2

0.7

0.6

0.6

1.0

0.6

0.3

0.3

0.2

0.2

0.2

−0.0

0.1

0.1

0.1

0.1

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.1

−0.0

0.1

0.1

0.1

0.1

0.6

0.6

0.6

0.6

1.0

0.3

0.2

0.3

0.2

0.2

0.1

0.1

0.1

0.1

0.2

0.1

0.1

0.2

0.1

0.1

0.1

0.0

0.3

0.2

0.2

0.2

0.3

0.3

0.3

0.3

0.3

0.3

0.3

1.0

0.2

0.1

0.3

0.2

0.1

0.2

0.2

0.2

0.1

0.1

0.1

0.1

0.2

0.2

0.2

−0.1

0.1

0.0

0.1

0.1

0.2

0.2

0.1

0.1

0.1

0.3

0.2

0.2

1.0

0.1

0.1

0.0

0.0

−0.0

0.0

0.1

0.0

0.1

0.0

0.1

0.0

0.0

0.1

0.0

−0.0

−0.0

0.1

0.1

0.0

0.0

0.2

0.1

0.1

0.2

0.3

0.1

0.1

1.0

0.1

0.3

0.1

0.2

0.1

−0.0

0.1

0.1

−0.0

−0.1

−0.0

0.0

0.1

0.1

0.0

−0.0

0.0

0.1

0.1

0.1

0.2

0.1

0.1

0.2

0.2

0.3

0.1

0.1

1.0

0.4

0.2

0.3

0.2

0.1

0.1

0.1

0.1

0.0

0.1

0.0

0.1

0.1

−0.0

−0.0

0.1

0.1

0.1

0.1

0.2

0.1

0.1

0.2

0.2

0.2

0.0

0.3

0.4

1.0

0.2

0.3

0.2

0.0

0.1

0.1

0.0

0.0

0.0

0.0

−0.0

−0.0

0.0

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.0

−0.0

0.1

0.1

0.0

0.1

0.2

0.2

1.0

0.2

0.3

−0.1

0.1

0.1

0.1

0.0

0.0

0.1

0.1

0.1

0.1

0.1

−0.0

0.1

0.0

0.0

0.2

0.1

0.1

0.1

0.1

0.2

−0.0

0.2

0.3

0.3

0.2

1.0

0.4

−0.0

0.1

0.1

0.0

0.0

0.0

0.0

0.1

0.0

0.1

0.0

0.1

0.1

−0.0

−0.0

0.1

0.1

0.1

0.1

0.1

0.2

0.0

0.1

0.2

0.2

0.3

0.4

1.0

Bayley com
posite score

O
verregularized words (2y)

Abstract words (2y)

G
ram

m
ar (2y)

Irregular words (2y)

Longest sentence (2y)

W
ord production (2y)

Sentence com
plexity (2y)

Starting to talk (1y)

Phrases understood (1y)

W
ords understood (1y)

W
ord production (1y)

Early gestures (1y)

Late gestures (1y)

Total gestures (1y)

W
alk help

Stand alone

W
alk alone

Stand help

Crawl

Sit alone

Pincet

Roll over

Sit support

Chest up

Laugh

Lift head

Sm
ile

Bayley composite score

Overregularized words (2y)

Abstract words (2y)

Grammar (2y)

Irregular words (2y)

Longest sentence (2y)

Word production (2y)

Sentence complexity (2y)

Starting to talk (1y)

Phrases understood (1y)

Words understood (1y)

Word production (1y)

Early gestures (1y)

Late gestures (1y)

Total gestures (1y)

Walk help

Stand alone

Walk alone

Stand help

Crawl

Sit alone

Pincet

Roll over

Sit support

Chest up

Laugh

Lift head

Smile

Type

Type

−1

−0.5

0

0.5

1



 

5 

 

Supplemental Figure S5.  

 

Supplemental Figure S6. 
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Supplemental Figure S7.  
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Appendix S1

METHODS

Neurodevelopmental assessment

Milestones

At the child's 1 week visit the parents received a registration form, with thorough instructions, based

on The Denver Development Index (1) and WHO (World Health Organization) milestones

registration (2). Dates of achievement of 13 predefined milestones were registered by the parents

and reviewed at each visit to the research clinic. The registration form contained a description and

an illustration of the milestones. Any difficulties in remembering the specific date were registered

as “missing”. The clinical staff carefully reviewed the forms with the parents in order to standardize

the registration, and thus minimize differences in interpersonal interpretations. Implementation of

milestone registration started after the first 500 children were born, thus some of the milestones

were registered retrospectively.

Language development

Language development was assessed with the Danish version of The MacArthur Bates

Communicative Developmental Inventory (CDI), which is a well-recognized and validated tool to

assess monolingual children´s lexical growth by a standardized parent reporting system (3). The test

was performed as a web-based questionnaire filled out by parents around the child’s 1 year (CDI-

WG: Words and gesticulation) and 2 years birthdays (CDI-WS: Words and sentences). The 1-year

test evaluates language comprehension, early word production and gestural communication.

Language comprehension was assessed by counting the number of words that the parents think the

child understands from a list of 409 words which are commonly found in the vocabulary of Danish

children around 1 year of age. The assessment of word production was based on the same list and



counts the number of words the child actually says or does a lingual imitation of.  Gestural

communication was assessed by questions regarding the use of gestures typical of early and later

communicative development (numbers used out of 18 and 45, respectively). The 2-year test

assesses vocabulary, grammatical skills, syntax and morphology. Vocabulary was assessed by

counting the number of words the child pronounces from a list of 725 common words. Grammatical

skills were determined from the use of past, future, abstract, plural, possessive and past tense and

the number of irregular and over-regularized words. Syntax and morphology was assessed

according to whether the child combines words and the mean length of the three longest utterances

(M3L: calculated from number of morphemes per utterance in the 3 longest sentences the child has

said in the previous two weeks). The CDI was not performed in the first 209 participants as it was

implemented in the cohort after they had completed their 1 year visit. Children who were

considered bilingual (regularly in contact with another language than Danish at home) where

excluded from the language development analysis (40 from the 1 year test and 51 from the 2 years

test). Language tests completed when the child was more than 3.5 months older than intended were

excluded (a total of 9 children).

Cognitive development

Cognitive development was assessed at 2½ years of age,  using the cognitive part of the 3rd edition

of the Bayley Scales of Infant and Toddler Development (BSID-III) (4). The test was given on an

individual basis lasting 20–60 minutes. The scale includes items that assess abilities such as

sensorimotor development, exploration and manipulation, object relatedness, concept formation,

memory, and other aspects of cognitive processing. The examiner presented a series of test

materials to the child and observed the child's responses and behavior. Based on its performance,

the child was given a composite score, which was standardized by use of a normalization material

of age corrected means of 100 and standard deviation of 15 (range 50-150). Ten examiners were



involved in performing the test and they were all trained by a single expert in the Bayley test

procedure (first author). The sessions were video-recorded and the Bayley expert continuously

reviewed the videos and supervised the test-persons in order to achieve consistency in all aspects of

the testing procedure.
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