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n: EPIPAGE 2 Cohort Study
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V�eronique Pierrat, MD, PhD1,2,11, Monique Kaminski, MSc1,2, and St�ephane Marret, MD, PhD12,13

Objective To analyze language skills in children born at 24-34 weeks of gestation at 2 years of corrected age and
the association between language and other developmental domains.
Study design We included 2424 children (64% of the eligible population) from the French population-based
EPIPAGE 2 cohort study. At 2 years’ corrected age, children were screened with the French short version of the
MacArthur-Bates Communication Developmental Inventories and the Ages and Stages Questionnaire completed
by parents.
Results Small lexicon size, <10th percentile of the calibration sample (ie, 28 words in a list of 100) was observed in
135 of 300 children (45%) born at 23-26 weeks, 484 of 1513 (32%) born at 27-31 weeks, and 165 of 611 (27%) born
at 32-34 weeks of gestation. Small lexicon size was associated with 2 other language measures: word combination
use and the Ages and Stages Questionnaire communication domain score. It was also significantly associated with
the Ages and Stages Questionnaire score below the threshold in the other developmental domains (gross motor
function, fine motor function, problem solving skills, and personal social skills) for all gestational age groups, after
adjustment for potential confounders. Overall, 46% of children with a small lexicon size had ³1 of these domains
below the threshold, as compared with only 22% of children without a small lexicon size.
Conclusions These results highlight the usefulness of the MacArthur-Bates Communication Developmental
Inventories in preterm children, especially those who do not participate in specialized follow-up. A small
lexicon size points to developmental difficulties in language and increased risk for other developmental and
neurobehavioral functions. (J Pediatr 2019;-:1-7).
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C
hildren born preterm are at risk of later developmental impairments and
learning problems. Neurodevelopmental consequences of preterm birth
are not limited to very preterm children, but are also found in

moderately or late preterm children.1 Language function is one of the potentially
affected areas, and language skills of preterm children have been the subject of
many recent studies as well as 2 meta-analyses.2,3 Language skills are poorer
for preterm than term children, with performances about �0.5 to �1.0 SD in
each domain studied.2 These language difficulties seem to increase as language
becomes more complex, from age 3 to 12 years.3 Poor communication skills
have been identified in children as young as 12 months of age, born before
28 weeks of gestation.4 At 24-30 months, 20%-30% of preterm children in
different gestational age groups show language impairments or delays; 1 study
found that 64% of extremely preterm children had a language delay at 30 months
of corrected age.5,6 Late preterm children also exhibit communication
impairments as early as 18 months of age and later.7

Language plays a particular role in learning abilities. Its achievement is built on
a strong basis of nonverbal communication and requires a high level of sensory,
perceptual, and fine motor skills. It is also needed for building both cognitive
processes and social relations. Despite these considerations, in preterm children,
language is rarely studied in terms of other aspects of development. In 1 study,
tion of themanuscript. The authors declare no conflicts of
interest.
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mental and psychomotor scores on the Bayley Scales of Infant
Development II were significantly reduced for extremely low
birthweight children at 30 months of corrected age with lan-
guage delay.6 However, precise knowledge of how language
performance is related to other developmental aspects would
be useful in better understanding determinants and implica-
tions of poor language skills in preterm children.

The aim of the present study was to analyze language skills
at 2 years of corrected age in a large population-based cohort
of preterm children, the French EPId�emiologie des Petits
Ages GEstationnels (EPIPAGE) 2 cohort and to describe
the interrelations of these skills as well as their relationship
with competencies in motor, cognitive, and social domains
of development in extremely, very, and moderately preterm
children. Our a priori hypothesis was that language skills
would be associated with competencies in other
developmental domains, and the aim of the present study
was to confirm and quantify these links.

Methods

EPIPAGE 2 is a prospective, national, population-based
cohort of children born at 22-34 completed weeks of
gestation in France in 2011.8 Children born at 22-26 weeks
of gestation were recruited during an 8-month period, those
born at 27-31 weeks of gestation during a 6-month period
and those born at 32-34 weeks of gestation during a 5-week
period. Only 1 region (2% of all births) did not participate.
At recruitment, 5170 children born alive participated. At
2 years of corrected age, children underwent a detailed
physical and neurologic examination by a physician, and
the child’s development was assessed by parental
Figure. Study flowchart.
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questionnaires. All families received information and agreed
to participate in the study. The study was approved by the
National Data Protection Authority (CNIL no. 911009)
and the ethics committees (CCTIRS no. 10.626 and CPP
SC-2873).
For the current study, we excluded children with

congenital conditions associated with abnormal develop-
ment, children with cerebral palsy identified at 2 years’
corrected age, or children using equipment such as splints
or orthotics in the absence of identified cerebral palsy,
children with bilateral deafness or hearing equipment, and
children with blindness (Figure). Only children for whom
French was spoken at home, as the only language or in
association with another language, were included.
Questionnaires completed between 22 and 26 completed
months of corrected age were retained for analysis.

Language and Developmental Assessments
Themost commonly used parental questionnaires addressing
early communication and language abilities are derived
from the MacArthur-Bates Communicative Development
Inventories (CDI). The short version of the French
adaptation of the CDI was used.9 This questionnaire studies
the development of lexicon and early grammar by measuring
lexicon size and word combination use (yes/no). Lexicon size
is the number of words the parents say their child use
spontaneously, whatever the pronunciation, based on a list
of 100 words. The 10th percentile of lexicon size is 28 words
in the French calibration of the test conducted with 385
children; this threshold was used to define small lexicon
size. Word combination was considered present if the child
associated words sometimes or often. In the test calibration,
Charkaluk et al
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91% of children aged 24 months already combined words.
The use of the CDI is promoted by the French Ministry of
Health as a part of the routine assessment for all children,
during follow-up by general practitioners or pediatricians
(http://solidarites-sante.gouv.fr/IMG/pdf/05.ifdc-2.pdf).

The Ages and Stages Questionnaire (ASQ), 2nd version, is
a brief parental questionnaire used to rate the child’s current
skills and development.10 Parents answer 6 questions in each
of the 5 domains of development: communication, gross
motor, fine motor, problem-solving, and personal-social
skills. Parents are instructed to try activities with their child
when necessary. The communication domain includes 2
items measuring receptive language skills and 4 measuring
expressive language skills. Each question is scored 10, 5, or
0 according to parents’ answers: yes, sometimes, or not yet,
respectively. Scores for each domain are calculated by
summing the score for the 6 questions. Missing answers are
replaced by the mean of the answers for the other questions
in the same domain, within the limit of 2 missing questions
per domain.10 US norms are available for each domain,
and thresholds corresponding with scores of <2 SD below
the mean are available for each domain. The ASQ is not
routinely used in primary care in France but can be part of
the specialized follow-up existing in most regions for very
preterm children.11 It has been validated in a French
population of children born preterm.11

Statistical Analyses
Children included in the analysis were first compared with
children eligible for the study but not included because of
missing or partial questionnaires or questionnaires
completed out of the 22-26 months corrected age window
(Figure). Language skills (ie, lexicon size, word
combination use) and ASQ communication domain scores,
and their interrelations were described for the whole
population and using 3 gestational age groups: 23-26,
27-31, and 32-34 weeks, referring to extremely, very, and
moderately preterm, respectively.8 Multiple imputations
were conducted to account for selective dropouts and
missing information in the description of language skills at
2 years of corrected age, by chained equation with the SAS
(SAS Institute Inc, Cary, North Carolina) multiple
imputation procedure. Imputation model variables
included those predicting nonresponse and/or those
correlated with outcomes (Table I; available at www.jpeds.
com). Thirty-six independent imputed datasets were
generated. Estimates were pooled according to Rubin’s rule
and are presented with 95% CIs.

The median ASQ scores, proportions of ASQ scores below
the threshold in each domain except communication,
proportion of children with ³1 ASQ domain below the
threshold, and number of ASQ domains below the threshold
were described among children with and without a small
lexicon size. These relations were studied crude and after
adjustment for potential confounders identified in the
literature as being associated with language skills in early
childhood. These confounders included sex, gestational age
Association of Language Skills with Other Developmental Domain
EPIPAGE 2 Cohort Study
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(completed weeks of gestation), growth restriction at birth
(birthweight <10th percentile according to Epop�e curves12),
maternal parity (primaparity vs multiparity), maternal
educational level (some high school or less, high school
diploma, some college, college diploma), and language
spoken at home (French only vs French and other language).
Similarities within twins or triplets sets were accounted for
by use of a random intercept model with the Gauss-
Hermite method of estimation, a type of generalized linear
mixed model demonstrated to be appropriate in samples
including >10% multiple births.13 These analyses were con-
ducted for the entire population and for each gestational age
group. Studies of the development of language in twins
report that twins have higher rates of language delay than
do singletons.14 For this reason, a sensitivity analysis
restricted to singletons was also conducted. In all analyses,
data were weighted to account for the different inclusion pe-
riods by gestational age. Analyses were conducted using SAS
v9.4. A P value of < .05 was considered statistically signifi-
cant.
Results

Among the 4199 children eligible for follow-up at 2 years of
corrected age, 3789 were eligible for the current study;
1255 questionnaires were missing or excluded, and
110 questionnaires were incomplete for the French CDI
and/or ASQ (Figure). Thus, 2424 children were included in
the study, representing 64% of the 3789 eligible children.
Children not included had an older gestational age and
were more often born from single pregnancies than the
included children. Their mothers had a significantly lower
educational level and were less often monolingual French
(Table II). Among the 2424 children studied, 8% were
aged 22 months, 63% aged 23 or 24 months, and 29% aged
25 or 26 months.
Four words were spontaneously used by >80% of the

children: mummy (97%), daddy (96%), baby (84%), and
allo (83%). For the whole preterm population, the median
lexicon size was 48 (IQR, 24-78), and 29% had a small lexicon
size. In all, 22% of the children did not use word
combination. The median score for the ASQ communication
domain was 48 (IQR, [28-55]). For 20% of the children, the
score was below the threshold (<�2 SD). For the 2 items
addressing receptive language, 74% of children achieved
the item “points to ³1 correct picture upon request” and
92% the item “carries out ³3 directions”; however, the 4
items addressing expressive language had lower achievement
rates, between 29% and 64%.
These language measures differed significantly between

gestational age groups, with the worst performance in
extremely preterm children (P < .001; Table III). Small
lexicon size was observed in 45%, 32%, and 27% of
children born at 23-26, 27-31, and 32-34 weeks,
respectively. Multiple imputation provided similar results
(Table III).
s in Extremely, Very, andModerately Preterm Children: 3
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Table II. Characteristics of children included or not in the study

Children’s characteristics

Children included (n = 2424) Children excluded (n = 1365)

OR* 95% CI P valuen (%) n (%)

Gestational age (weeks) <.001
23-26 300 (4.5) 146 (3.5) 0.9 0.7-1.1
27-31 1513 (30.8) 808 (26.5) 1
32-34 611 (64.7) 411 (70.0) 1.3 1.1-1.5

Small for gestational age .38
No 855 (34.4) 454 (32.6) 1
Yes 1569 (65.6) 911 (67.4) 1.1 0.9-1.3

Sex .99
Female 1151 (47.1) 652 (47.1) 1
Male 1273 (52.9) 713 (52.9) 1.0 0.8-1.2

Severe bronchopulmonary dysplasia .01
No 2281 (97.5) 1304 (98.3) 1
Yes 143 (2.5) 61 (1.7) 0.7 0.5-0.9

Severe cerebral lesions .85
No 2185 (97.8) 1212 (97.6) 1
Yes 80 (2.2) 52 (2.4) 1.0 0.7-1.7

Retinopathy of prematurity (stage 3 or higher) .87
No 2084 (99.7) 1150 (99.7) 1
Yes 20 (0.3) 11 (0.3) 0.9 0.4-2.0

Necrotizing enterocolitis (stage 2-3) .91
No 2314 (98.2) 1301 (98.2) 1
Yes 65 (1.8) 37 (1.8) 1.0 0.6-1.7

First child .27
Yes 1367 (56.4) 697 (53.9) 1
No 1034 (43.6) 652 (46.1) 1.1 0.9-1.3

Multiple pregnancy .02
No 1530 (61.1) 951 (66.0) 1
Yes 894 (38.9) 414 (34.0) 0.8 0.7-1.0

Maternal educational level <.001
Some high school or less 615 (24.0) 558 (40.1) 2.6 2.0-3.3
High school diploma 490 (20.4) 300 (23.2) 1.8 1.3-2.3
Some college 528 (22.8) 198 (15.4) 1.0 0.8-1.4
College diploma 752 (32.8) 258 (21.3) 1

Language spoken at home <.001
French only 1832 (78.7) 897 (67.1) 1
French + other language 592 (21.3) 468 (32.9) 1.8 1.5-2.2

Percentages and analyses are weighted to account for the different inclusion periods by gestational age.
Severe bronchopulmonary dysplasia defined as oxygen requirement at day 28 together with mechanical ventilation or continuous positive airway pressure or an FiO2 of ³30% at 36 weeks’ corrected
age.
Severe cerebral lesions defined as grade III or IV intraventricular hemorrhage or cystic periventricular leukomalacia.
*OR of not being included.
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Among the 775 children with a small lexicon size, 73% also
did not use word combinations and/or had an ASQ commu-
nication domain score below the threshold: 80%, 76%, and
72% of extremely, very, or moderately preterm children,
respectively. Among the 1618 children with a lexicon size
of ³10th percentile, 93% used word combination and had
an ASQ communication domain score above the threshold:
88%, 92%, and 93% of extremely, very, or moderately pre-
term, respectively (Table IV; available at www.jpeds.com).

Children with a small lexicon size had significantly more
frequent ASQ scores below the threshold in any domain,
before and after adjustment for potential confounders
(Table V). These associations were found in extremely,
very, and moderately preterm children. Apart from the
communication domain, approximately half of the children
with a small lexicon size showed ³1 other domain below the
threshold. Conversely, >75% of children without a small
lexicon size showed no other domain below the threshold.
The sensitivity analysis among singletons confirmed these
findings (Table VI; available at www.jpeds.com).
4
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Discussion

This French population-based cohort showed that a high
percentage of preterm children had poor language skills at
2 years of corrected age. Lexicon size was highly associated
with other measures of language skills and also with all other
developmental functions in all gestational age categories of
preterm infants at 2 years of corrected age.
Children’s development was assessed using standard

parental questionnaires. Data on the validity of parental
assessments of their children’s development are numerous
and reassuring.15 The definition of a positive screen with
the ASQ when ³1 domain is below the threshold has a
sensitivity of 0.88 and specificity of 0.57 for identifying
preterm children with a developmental quotient of <85.11

A good correlation between parent-reported measures and
professional assessment of language has been shown.16

MacArthur-Bates Inventories are considered a reliable
measure of early expressive lexicon, and the short version
has previously been used to describe expressive language in
Charkaluk et al
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Table III. Language skills by gestational age

Population N

French CDI ASQ Communication domain

Lexicon size

Absence of word combination Score Below thresholdNo. of words <10th percentile

Median [IQR] % (n) % (n/N) Median [IQR] % (n)

Complete case analysis
Total population 2424 48 [24-78] 29.4 (784) 21.6 (580/2393) 48 [28-55] 20.5 (572)
23-26 weeks 300 31 [15-65] 45.0 (135) 35.1 (104/296) 40 [20-50] 33.3 (100)
27-31 weeks 1513 46 [22-77] 32.0 (484) 24.0 (358/1492) 45 [30-55] 23.9 (362)
32-34 weeks 611 51 [27-80] 27.0 (165) 19.5 (118/605) 50 [30-55] 18.0 (110)

Population N

French CDI ASQ Communication domain

Lexicon size

Absence of word combination Below threshold<10th percentile

Mean % (95% CI) Mean % (95% CI) Mean % (95% CI)

After multiple imputation
Total population 3789 27.4 (25.1-29.6) 19.1 (17.4-20.9) 18.6 (16.8-20.4)
23-26 weeks 446 42.6 (37.3-47.9) 31.6 (27.1-36.2) 30.6 (25.9-35.3)
27-31 weeks 2321 30.5 (28.4-32.5) 22.0 (20.2-23.8) 22.2 (20.3-24.1)
32-34 weeks 1022 25.0 (21.9-28.2) 17.1 (14.6-19.5) 16.3 (13.7-18.9)

Data for the total population are weighted to account for the different inclusion periods by gestational age.
Minimum and maximum are derived from the 36 sets of data generated.

- 2019 ORIGINAL ARTICLES
English and in Italian in preterm children from various
gestational age groups.17,18 Three measures were used to
describe children’s language acquisition: lexicon size, word
combination use, and ASQ communication domain score.
These measures are commonly used to define late language
emergence at 24 months.19,20 We observed a strong
association between these 3 measures. Other authors have
Table V. Association between lexicon size and ASQ domain

ASQ scores

Extremely preterm children

P value

Very

23-26 weeks

Lexicon size

French CDI

<10th percentile ‡10th percentile <10th perc

(n = 135) (n = 165) (n = 48

Gross motor ASQ score
Median (IQR) 45 [35-50] 50 [48-60] 50 [45-
Below threshold, n (%) 38 (28.1) 9 (5.4) .006 76 (15

Fine motor ASQ score
Median (IQR) 45 [40-54] 50 [45-55] 45 [40-
Below threshold, n (%) 27 (20.0) 9 (5.4) .04 90 (18

Problem solving ASQ score
Median (IQR) 36 [30-45] 45 [40-50] 40 [30-
Below threshold, n (%) 28 (20.7) 11 (6.7) .03 89 (18

Personal social ASQ score
Median (IQR) 35 [25-45] 50 [40-55] 40 [30-
Below threshold, n (%) 53 (39.3) 21 (12.7) .01 141 (29

Number of domains below threshold (apart from communication domain)
0, n (%) 61 (45.2) 129 (78.2) .02 278 (57
1, n (%) 35 (25.9) 25 (15.1) 91 (18
³2, n (%) 39 (28.9) 11 (6.7) 115 (23

Random effect Gauss-Hermite models (20 quadrature points) to account for multiple births.
All unadjusted comparisons were statistically significant at P < .001.
P is adjusted for gestational age (weeks), small for gestational age, sex, language spoken at home
Thresholds for the ASQ domains scores: 38.07 for gross motor, 35.16 for fine motor, 29.78 for pro

Association of Language Skills with Other Developmental Domain
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stated that early expressive vocabulary acquisition may be a
good measure of general language development in children
with a very low birthweight.21 Compared with term children,
children born at <33 weeks of gestation showed an increasing
divergence in language abilities during the second year of life,
which highlights the accuracy of assessing lexicon size at
2 years’ corrected age.18 In our study, the rate of small lexicon
s for extremely, very and moderately preterm children

preterm children

P value

Moderately preterm children

P value

27-31 weeks 32-34 weeks

Lexicon size Lexicon size

French CDI French CDI

entile ‡10th percentile <10th percentile ‡10th percentile

4) (n = 1029) (n = 165) (n = 446)

60] 55 [50-60] 50 [45-55] 55 [50-60]
.7) 75 (7.3) <.001 16 (9.7) 16 (3.6) .03

50] 50 [45-55] 48 [40-50] 50 [45-55]
.6) 72 (7.0) <.001 31 (18.8) 31 (7.0) .005

50] 45 [35-50] 40 [30-45] 45 [35-50]
.4) 84 (8.2) <.001 31 (18.8) 34 (7.6) .009

45] 45 [40-55] 40 [30-50] 50 [40-55]
.1) 100 (9.7) <.001 42 (25.5) 40 (9.0) .004

.4) 797 (77.5) <.001 89 (53.9) 354 (79.4) .003

.8) 164 (15.9) 43 (26.1) 71 (15.9)

.8) 68 (6.6) 33 (20.0) 21 (4.7)

, maternal parity and maternal educational level.
blem solving and 31.54 for personal social domains, respectively.
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size was greatest in extremely preterm children, but was also
very high in very and moderately preterm children, 3 times
higher than in the French test calibration. Results for use of
word combination are of similar magnitude. Thus, language
difficulties were not restricted to the most immature
children.

One important finding in the current study is the
association between small lexicon size and all other
developmental functions. This association persisted after
adjustment for potential confounders and was observed in
all gestational age groups. We adjusted for gestational age
and some other confounders, but not for neonatal
morbidities because of their strong association with
gestational age and their intermediate position on the causal
pathway leading from low gestational age to poor
neurodevelopment.22 Adams-Chapman et al found that
extremely children with a low birthweight and a language
delay at 30 months of corrected age had a significantly lower
mental and psychomotor developmental index scores
compared with children with no language delay.6 The
association between poor language skills and poor skills in
other developmental domains could have several
explanations. Poor skills in some developmental domains
could be an obstacle for the child to reach language
developmental milestones. Indeed, the establishment of
sensory and motor systems is one of the prerequisites for
learning skills in infancy, such as language development.23

High-order networks used for language processing are built
on more basic functions, such as hearing, which needs to
be assessed in all children with language delay, or gestures.
As an illustration, early communicative behaviors (gestures)
are significantly correlated with motor skills at 12 months of
corrected age in very preterm children.4 A common origin of
difficulties in several developmental domains may also be
suspected. Two complementary mechanisms could be
involved together. The first one is based on cerebral
structures; several studies have demonstrated associations
between brain white matter abnormalities seen on magnetic
resonance imaging and language abilities at ages 30 months,
or 4 or 6 years.24,25 These white matter abnormalities could
also lead to difficulties in other domains such as motor skills.
The role of the cerebellum in nonmotor functions is also
increasingly discussed. The cerebellum is a vulnerable
structure in the preterm brain, and cerebellar injuries have
functional consequences including neuromotor impairment,
cognitive impairment, and disabilities, together with
behavioral problems.26 Very few studies have examined the
relation between cerebellar injuries and language
development in preterm children; however, the cerebellum
could be involved in both language and other developmental
difficulties. Second, the kind of interactions and language
exposure experienced by preterm children have been
associated with language skills in very preterm children.27 A
lack of adequate interactions from the hospital stay to the
first months at home may be associated with the preterm
birth and could be responsible for difficulties in several
developmental domains.28 Term children with late language
6
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emergence (defined by an ASQ communication domain of
<�1 SD) are also more likely to be out of the normal range
of the ASQ in all other domains,19 but this study did not
adjust for potential confounders. Therefore, these
associations among domains may not be specific to preterm
children, but may be more easily seen in these vulnerable
children.
The late consequences of a small lexicon size in preterm

children need to be explored. In term children, a recent study
focused on the risk of consequences in complex language
skills, such as narrative skills and syntax complexity in
children with late language emergence.20 Language abilities
in very, moderate and late-preterm children have been
reported to be stable from 20 months to 8 years of age,29

suggesting that language assessment at the end of the second
year of life is predictive of later abilities. Our study shows that
later assessments in preterm children with small lexicon size
at 2 years of corrected age should not be limited to language
skills.
This study has several strengths. The recruitment was

population based, a large number of children were included,
and a wide range of gestational age was studied. It has also
some limitations, namely, the proportion of children lost
to follow-up and the lack of formal developmental evaluation
of the children. Only 64% of eligible children had complete
follow-up data. Excluded children, as a group, accumulated
factors that were associated with either better or poorer
language skills, such as greater gestational age but lesser
maternal educational level. The multiple imputation analysis
conducted to take into consideration the children who were
lost to follow-up did not significantly modify the results. No
psychometric evaluations were conducted; only parental
questionnaires were used. This approach made the study
feasible despite the high number of children included and
their geographical dispersion. The lack of formal evaluation
is unlikely to impact the conclusions of the comparisons of
development between groups with or without a small lexicon
size.
Finally, the current study has 2 implications. First, it

highlights the usefulness of assessing lexicon size at 2 years
of corrected age in children born preterm. A small lexicon
size can easily be identified using the short form of the
CDI, even in preterm children with a routine follow-up.
This finding may be especially useful for screening
preterm children who do not have access to systematic,
comprehensive follow-up with subspecialists. In most French
regions, very preterm children benefit from a specialized
follow-up after discharge, organized through perinatal
networks, but some are lost to follow-up after a few months.
Children born at 32-34 weeks of gestation usually have a
routine follow-up by general practitioners or pediatricians
only. Second, the strong association between language skills
and performance in other developmental domains
emphasizes that neurodevelopment must be viewed
holistically during infancy. This finding should be considered
when establishing preventive or remediation interventions in
the preterm population. n
Charkaluk et al
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Table I. Type of variable, model used to predict missing data, and percentages of values missing for each variable
included in the imputation models (3789 children eligible for the study)

Variable Type of variable Model used to predict missing data Percentage of values missing

Gestational age Categorical (11 categories) Multinomial regression No missing data
Small for gestational age Binary Logistic regression No missing data
Sex Binary Logistic regression No missing data
Primiparous Binary Logistic regression 1
Multiple pregnancy Binary Logistic regression No missing data
Maternal educational level Categorical (4 categories) Multinomial regression 2
Parents’ socioeconomic status Categorical (6 categories) Multinomial regression 4
Severe neonatal morbidity Binary Logistic regression 11
Breastfeeding at discharge Categorical (3 categories) Multinomial regression 7
Language spoken at home Binary Logistic regression No missing data
French CDI Binary Logistic regression 15
Word combination Categorical (3 categories) Multinomial regression 13
ASQ communication score below threshold Binary Logistic regression 11
ASQ gross motor score below threshold Binary Logistic regression 13
ASQ fine motor score below threshold Binary Logistic regression 14
ASQ problem-solving score below threshold Binary Logistic regression 15
ASQ personal social score below threshold Binary Logistic regression 14

All imputation models include all variables in Table I.
Thresholds for the ASQ domain scores: 25.17 for communication, 38.07 for gross motor, 35.16 for fine motor, 29.78 for problem solving and 31.54 for personal social domains, respectively.

Table IV. Association between lexicon size, word combination and ASQ communication score

Word combinations and ASQ communication score in GA groups

Lexicon size Lexicon size

>10th percentile <10th percentile

n (%) n (%)

Extremely preterm children (23-26 weeks) 163 133
No word combination and ASQ communication below threshold 5 (3.1) 72 (54.1)
No word combination and ASQ communication above threshold 10 (6.1) 17 (12.8)
Word combination and ASQ communication below threshold 4 (2.5) 18 (13.5)
Word combination and ASQ communication above threshold 144 (88.3) 26 (19.6)

Very preterm children (27-31 weeks) 1013 479
No word combination and ASQ communication below threshold 17 (1.7) 250 (52.2)
No word combination and ASQ communication above threshold 34 (3.3) 57 (11.9)
Word combination and ASQ communication below threshold 33 (3.3) 57 (11.9)
Word combination and ASQ communication above threshold 929 (91.7) 115 (24.0)

Moderately preterm children (32-34 weeks) 442 163
No word combination and ASQ communication below threshold 5 (1.1) 75 (46.0)
No word combination and ASQ communication above threshold 18 (4.1) 20 (12.3)
Word combination and ASQ communication below threshold 7 (1.6) 21 (12.9)
Word combination and ASQ communication above threshold 412 (93.2) 47 (28.8)

Total (23-34 weeks) 1618 775
No word combination and ASQ communication below threshold 27 (1.4) 397 (48.6)
No word combination and ASQ communication above threshold 62 (3.9) 94 (12.2)
Word combination and ASQ communication below threshold 44 (2.1) 96 (12.6)
Word combination and ASQ communication above threshold 1485 (92.6) 188 (26.6)

The threshold for the ASQ communication domain is 25.17.
Percentages for “total” are weighted to account for the different inclusion periods by gestational age.
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Table VI. Association between lexicon size and ASQ domains for extremely, very and moderately preterm singleton
children

ASQ scores

Extremely preterm children

P2
value

Very preterm children

P2
value

Moderately preterm
children

P2
value

23-26 weeks 27-31 weeks 32-34 weeks

Lexicon size Lexicon size Lexicon size

French CDI French CDI French CDI

<10th
percentile

‡10th
percentile

<10th
percentile

‡10th
percentile

<10th
percentile

‡10th
percentile

(n = 98) (n = 132) (n = 296) (n = 717) (n = 105) (n = 260)

Gross motor ASQ score
Median [IQR] 45 [35-54] 50 [48-60] 50 [40-55] 55 [50-60] 50 [45-55] 55 [50-60]
Below threshold, n (%) 31 (31.6) 7 (5.3) <.001 50 (16.9) 58 (8.1) <.001 11 (10.5) 13 (5.0) .07

Fine motor ASQ score
Median [IQR] 45 [40-50] 50 [45-55] 45 [40-50] 50 [45-55] 45 [40-50] 50 [45-55]
Below threshold, n (%) 22 (22.5) 8 (6.1) .004 61 (20.6) 56 (7.8) <.001 24 (22.9) 13 (5.0) <.001

Problem solving ASQ score
Median [IQR] 35 [25-45] 45 [40-50] 40 [30-49] 45 [35-50] 40 [30-45] 42 [35-50]
Below threshold, n (%) 26 (26.5) 10 (7.6) <.001 58 (19.6) 70 (9.8) <.001 24 (22.9) 21 (8.1) <.001

Personal social ASQ score
Median [IQR] 35 [25-45] 50 [40-51.3] 40 [30-45] 48 [40-55] 40 [35-50] 50 [40-55]
Below threshold, n (%) 36 (36.7) 17 (12.9) <.001 88 (29.7) 65 (9.1) <.001 23 (21.9) 24 (9.2) .02

Number of domains below threshold (apart from communication domain)
0, n (%) 44 (44.9) 104 (78.8) <.001 164 (55.4) 540 (75.3) <.001 55 (52.4) 205 (78.8) <.001
1, n (%) 22 (22.4) 17 (12.9) 54 (18.2) 130 (18.1) 27 (25.7) 42 (16.2)
³2, n (%) 32 (32.7) 11 (8.3) 78 (26.4) 47 (6.6) 23 (21.9) 13 (5.0)

Logistic regression: P is adjusted for gestational age (weeks), small for gestational age, sex, language spoken at home, maternal parity and maternal educational level.
Thresholds for the ASQ domains scores: 38.07 for gross motor, 35.16 for fine motor, 29.78 for problem solving, and 31.54 for personal social domains, respectively.
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