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IMPORTANCE Preterm birth is associated with an increased risk of attention-deficit/
hyperactivity disorder (ADHD); however, it is unclear to what extent this association can be
explained by shared genetic and environmental risk factors and whether gestational age at
birth is similarly related to inattention and hyperactivity/impulsivity and to the same extent in
boys and girls.

OBJECTIVES To investigate the association between gestational age at birth and symptoms of
ADHD in preschool and school-age children after adjusting for unmeasured genetic and
environmental risk factors.

DESIGN, SETTING, AND PARTICIPANTS In this prospective, population-based cohort study,
pregnant women were recruited from across Norway from January 1, 1999, through
December 31, 2008. Results of a conventional cohort design were compared with results
from a sibling-comparison design (adjusting for genetic and environmental factors shared
within families) using data from the Norwegian Mother and Child Cohort Study. Data analysis
was performed from October 1, 2017, through March 16, 2018.

EXPOSURES Analyses compared children and siblings discordant for gestational age group:
early preterm (delivery at gestational weeks 22-33), late preterm (delivery at gestational
weeks 34-36), early term (delivery at gestational weeks 37-38), delivery at gestational week
39, reference group (delivery at gestational week 40), delivery at gestational week 41, and
late term (delivery after gestational week 41).

MAIN OUTCOMES AND MEASURES Maternally reported symptoms of ADHD in children at 5
years of age and symptoms of inattention and hyperactivity/impulsivity at 8 years of age.
Covariates included child and pregnancy characteristics associated with the week of delivery
and the outcomes.

RESULTS A total of 113 227 children (55 187 [48.7%] female; 31 708 [28.0%] born at gestational
week 40), including 33 081 siblings (16 014 female [48.4%]; 9705 [29.3%] born at gestational
week 40), were included in the study. Children born early preterm were rated with more
symptoms of ADHD, inattention, and hyperactivity/impulsivity than term-born children. After
adjusting for unmeasured genetic and environmental factors, children born early preterm had a
mean score that was 0.24 SD (95% CI, 0.14-0.34) higher on ADHD symptom tests, 0.33 SD (95%
CI, 0.24-0.42) higher on inattention tests, and 0.23 SD (95% CI, 0.14-0.32) higher on
hyperactivity/impulsivity tests compared with children born at gestational week 40. Sex
moderated the association of gestational age with preschool ADHD symptoms, and the
association appeared to be strongest among girls. Early preterm girls scored a mean of 0.8 SD
(95% CI, 0.12-1.46; P = .02) higher compared with their term-born sisters.

CONCLUSIONS AND RELEVANCE After accounting for unmeasured genetic and environmental
factors, early preterm birth was associated with a higher level of ADHD symptoms in
preschool children. Early premature birth was associated with inattentive but not hyperactive
symptoms in 8-year-old children. This study demonstrates the importance of differentiating
between inattention and hyperactivity/impulsivity and stratifying on sex in the study of
childhood ADHD.
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L ow gestational age at birth is associated with an in-
creased risk of attention-deficit/ hyperactivity disor-
der (ADHD) and symptoms of ADHD in childhood,1-3 as

recently summarized in a meta-analysis.4 Previous studies have
mainly focused on the consequences of being born extremely
(before gestational week 26)4-6 or very (before gestational week
32)4,7-10 preterm. However, increased risk has also been found
for children born moderately preterm,3,11 and a previous study12

suggests that each additional week inside the womb is asso-
ciated with a decrease in risk of ADHD.

Although the association between prematurity and ADHD
is well established, it is uncertain to what extent this associa-
tion is attributable to confounding factors, that is, third vari-
ables that influence both the dependent and the indepen-
dent variable, causing a spurious association. Conventional
association analyses include measured covariates to rule out
confounding. However, confounding could be attributable to
unmeasured factors, for example, genetic or shared environ-
mental factors. Most prior studies4,12 on gestational age and
ADHD have not been able to rule out such confounding.

A sibling-comparison approach takes advantage of the fact
that full siblings share stable aspects of the familial context,
including the same mother during pregnancy, as well as half
their genome. In sibling analyses, these unmeasured factors
are adjusted for, as are the measured covariates that vary across
pregnancies. Previous sibling studies have investigated the as-
sociation between gestational age and ADHD diagnoses11 and
medication use.3 On the basis of more than 1 million siblings
from a Swedish cohort, their results indicated that preterm and
early term birth increases the risk of ADHD.3,11

Studies13-15 based on various levels of measurement (eg, bio-
logical, phenotypic, and genetic) suggest a partly different ori-
gin for the 2 core ADHD symptom dimensions of inattention
and hyperactivity/impulsivity. To our knowledge, a sibling-
comparison approach has not yet been applied to investigate
gestational age in relation to these dimensions separately. Some
conventional association studies5,8,16-19 indicate that gesta-
tional age influences the inattentive more than the hyperac-
tive symptoms; however, this finding was not suggested by a
recent meta-analysis.4 Treating ADHD as continuously distrib-
uted dimensions increases the power of a sibling design. Use of
symptom scales as outcomes also enables comparison across
age groups. Because ADHD is usually diagnosed after the age
of 6 years, the associations among preschool children are bet-
ter investigated with dimensional measures.

The prevalence of ADHD is higher in boys than in girls, and
the disorder manifests differently because a larger propor-
tion of girls display inattentive symptoms.20,21 Because of these
differences, it is important to investigate whether sex moder-
ates the association between gestational week at birth and
ADHD symptoms. The aims of this study were to examine the
association between gestational age at birth and symptoms of
ADHD at 5 years of age, investigate whether gestational age
is similarly associated with inattention and hyperactivity/
impulsivity at 8 years of age, investigate to what extent the as-
sociations can be explained by unmeasured genetic and en-
vironmental factors, and examine possible sex differences in
the associations.

Methods

The Norwegian Mother and Child Cohort Study (MoBa) is a pro-
spective, population-based cohort study conducted by the Nor-
wegian Institute of Public Health, with data on more than
113 000 mother-child dyads. Pregnant women were re-
cruited from across Norway from January 1, 1999, through De-
cember 31, 2008, after attending a routine ultrasonography ex-
amination. The participation rate was 41%. Data analysis was
performed from October 1, 2017, through March 16, 2018. A de-
tailed description of the sample and data collection is pro-
vided elsewhere,22,23 and questionnaires are available online
(https://www.fhi.no/en/studies/moba/). Written informed
consent was obtained from all participating women. All data
were deidentified. MoBa has obtained a license from the
Norwegian Data Inspectorate and approval from the Regional
Committee for Medical Research Ethics. This study was
approved by the Regional Committee for Medical Research
Ethics and is based on version 10 of the quality-assured data
files released for research in 2017.

Questionnaire data collected at the 17th and 30th weeks
of gestation and 6 months after birth provide information on
pregnancy-specific variables. When the children were 5 and
8 years of age, questionnaires, including the outcome scales
for this study, were mailed to the mothers. The MoBa data
have been linked to data from the Medical Birth Registry of
Norway, originating from mandatory notification forms
completed by midwives, obstetricians, and pediatricians.
Among several medical variables, the gestational age at birth
is registered.

Approximately 18 000 mothers participate in MoBa with
more than 1 child, resulting in data on siblings. The flowchart
in Figure 1 describes the selection of participants for the vari-
ous steps of our analyses. Descriptive characteristics for the
samples are included in eTable 1 in the Supplement.

Outcome Definitions
In the 5-year-old children, symptoms of ADHD were assessed
using 12 items from the Conner’s Parent Rating Scale–Revised.24

The items reflect criteria for ADHD in the Diagnostic and Sta-
tistical Manual of Mental Disorders (Fourth Edition) (DSM-IV)25

Key Points
Questions Is the association between gestational age at birth and
symptoms of attention-deficit/hyperactivity disorder the same at
5 and 8 years of age, and are there possible sex differences in the
associations?

Findings In this population-based cohort study of 113 227 children
that used a sibling comparison approach to adjust for confounding,
an association was found between early preterm birth (gestational
age <34 weeks) and symptoms of attention-deficit/hyperactivity
disorder in preschool and school-age children.

Meaning The findings illustrate potential gains of reducing
preterm birth and the importance of providing custom support to
children born preterm to prevent neurodevelopmental problems.
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(eg, short attention span). Mothers reported how much each
symptom had been a problem for the child during the past
month using a 4-point scale (with 0 indicating not true and 3
indicating very much true). Factor analysis indicated an ac-
ceptable fit of a 1-factor solution (root mean square error of ap-
proximation [RMSEA] = 0.068, comparative fit index
[CFI] = 0.96).

In the 8-year questionnaire, symptoms were measured
using ADHD-related DSM-IV items from the Parent/Teacher
Rating Scale for Disruptive Behavior Disorders26: 9 symp-
toms of inattention and 9 symptoms of hyperactivity/
impulsivity. Each item was rated on a 4-point scale (with 1 in-
dicating never/rarely and 4 indicating very often). Exploratory
and confirmatory factor analysis supported a 2-factor solu-
tion (RMSEA = 0.068, CFI = 0.96) as opposed to 1 underlying
ADHD factor (RMSEA = 0.113, CFI = 0.086).

Three latent factors reflecting symptoms of ADHD at 5 years
of age, inattention at 8 years of age, and hyperactivity/
impulsivity at 8 years of age were therefore used as outcomes
in the analyses. The skewness of the single items was high
(range, 0.63-3.39), with mothers typically rating children on
the lowest categories. Therefore, the items were treated as cat-
egorical indicators of the latent variables to which normal dis-
tribution is assumed. The use of latent outcome variables maxi-
mizes the covariance between the questionnaire items and
minimizes the variance caused by measurement error.27 Mul-
tigroup confirmatory factor analyses indicated that the
factor loadings and variances were similar for boys and girls.

Exposures
Gestational age at birth was based on ultrasonography find-
ings, and the children were categorized according to gesta-
tional age. The ends of the distribution were combined into
early preterm (delivery at gestational weeks 22-33), late pre-
term (delivery at gestational weeks 34-36), early term (deliv-
ery at gestational weeks 37-38), and late term (delivery at ges-
tational week >41), according to previous classifications.18,28

Covariates
On the basis of the previous literature,28-30 the confounding
potential of several variables was explored. Variables with a
significant association with gestational age and 1 of the out-
comes were included in the adjusted models: sex, multiple
birth status, being small for gestational age (2-SD difference
from the uterine growth curve31), serious congenital malfor-
mations, parity, and bleeding before gestational week 13. A de-
tailed description of the covariate selection is provided in the
eMethods, eTable 2, and eTable 3 in the Supplement.

Statistical Analysis
Analyses were performed in Mplus, version 8.32 Because list-
wise deletion of cases with incomplete data can increase sample
bias,33 the full information maximum likelihood estimator was
used for handling missing outcome data under a missing at ran-
dom expectation. This approach is recommended because it
makes use of all available data.33 On the basis of structural equa-
tion modeling, P < .05 (2-sided) was considered to be statisti-
cally significant.

Unadjusted and adjusted regression models for each
outcome were run in 3 steps, all including gestational age as a
categorical exposure variable (gestational week 40 as refer-
ence group). The first set of analyses examined the overall as-
sociations between gestational age and ADHD symptoms in the
total sample (step 1). A second set of analyses estimated the
same overall associations in the sibling sample (step 2). In steps

Figure 1. Flow Diagram

277 702 Pregnant mothers invited to
participate in MoBa 1999-2008

165 481 Excluded
164 794 Not participating

687 Not available or eligible
for analyses

1512 Excluded
853 Child died before, during,

or shortly after birth
659 Missing exposure data from

the medical birth registry

80 146 Excluded
76 655 Had only 1 child

3112 Twins
49 Triplets

330 Part of twins or triplets with
other siblings (keeping only 1)

9054 Excluded (exposure-concordant siblings)

112 221 Pregnancies and 114 739
children in MoBa sample

41 342 Data on the 5-y ADHD
outcome

43 058 Data on the 8-y ADHD
outcome

113 227 Children eligible for analyses

12 946 Excluded (mixed-sex siblings)

4514 Data on the 5-y ADHD
outcome

4625 Data on the 8-y ADHD
outcome

11 081 Exposure-discordant same-sex
siblings

13 446 Data on the 5-y ADHD
outcome

13 753 Data on the 8-y ADHD
outcome

33 081 Siblings eligible for analyses
16 036 Mothers

9746 Data on the 5-y ADHD
outcome

10 048 Data on the 8-y ADHD
outcome

24 027 Exposure-discordant siblings
(21 392 from pairs, 2547 from
trios, 88 from quartets)

Participants included in conventional cohort analyses (steps 1 and 2), sibling
comparison analyses (step 3), and sex-stratified sibling comparison (step 4).
ADHD indicates attention-deficit/hyperactivity disorder; MoBa, Norwegian
Mother and Child Cohort Study.
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1 and 2, structural equation models with 1 latent outcome were
used to estimate the regression paths of gestational age and
measured covariates (eFigure in the Supplement). Noninde-
pendence between sibling observations was accounted for in
the study.

The third set of analyses involved comparing exposure-
discordant siblings (step 3). The main goal was to address to
what extent the associations observed in conventional analy-
ses can be explained by unmeasured familial factors (ie, the
green area in eFigure in the Supplement). Factors shared by
siblings comprise all stable risk factors in their mother (eg,
100% of genetic risk for preterm delivery) and 50% of genetic
risk for ADHD deriving from the fetus. By extracting the vari-
ance explained by unmeasured shared factors, we get closer
to identifying the origin of the association. Technically, the vari-
ance attributable to shared factors was extracted by includ-
ing a second level in the models, in which the variance ex-
plained by family mean levels of ADHD symptoms was
estimated. This analytic approach is described in detail
elsewhere.28

Exposure-outcome regression coefficients were esti-
mated for each gestational group, indicating how much each
group differed from the reference group. The coefficients were
standardized by dividing them by the square root of the total
variance in the latent outcome. Standardized coefficients rep-
resent mean SD differences and are equivalent to the Cohen d
effect size.

The interpretation of SD differences can be illustrated by
picturing 2 normal distributions on an x-axis, 1 for the control
group and 1 for the early premature group. An SD difference
of, for example, 0.3 indicates that the premature distribution
is moved 0.3 SD along the x-axis. The standardized mean value
for this group is no longer 0 but 0.3. It is possible to calculate
the percentage of the exposure distribution that is above the
mean of the control group. In our example (0.3 SD), this amount
would be 62%. Using an assumed cutoff for a dichotomous out-
come (eg, that 5% of children in the population have ADHD),
we can calculate how many more children would have ADHD
in the exposure vs the control group. In our example, there

would be 3.9% more children with ADHD in the early prema-
ture group vs the control group. To illustrate the size of the SD
difference estimates, these numbers can be converted to odds
ratios (ORs) using the formula Log OR = Cohen d (π/3).34

If estimated differences identified in steps 1 and 2 were
also present in the sibling-comparison analysis, it is more
likely that young gestational age increases the risk of ADHD
symptoms. If the differences were attenuated or disap-
peared in the sibling-control, the most plausible explana-
tion is that the association is partly or fully explained by
unmeasured confounders.

To investigate sex differences, sex × gestational age inter-
action terms were tested in the total sample. Gestational age
was included both as a continuous and squared indicator (to
account for nonlinearity), and 2 corresponding interaction
terms were tested. Sex-stratified analyses were performed for
outcomes with a significant interaction term (ADHD-5).

Results
A total of 113 227 children (55 187 [48.7%] female; 31 708
[28.0%] born at gestational week 40), including 33 081 sib-
lings (16 014 female [48.4%]; 9705 [29.3%] born at gesta-
tional week 40), were included in the study. Mean values on
the raw outcome scores by gestational age are presented in
eTable 4 in the Supplement (stratified by sex in eTable 5 in the
Supplement). Results of the conventional analyses of the total
sample are presented in Table 1 (5 years) and Table 2 (8 years).
Children born early preterm had a mean score that was 0.24
SD (95% CI, 0.14-0.34) higher on ADHD at 5 years of age, 0.33
SD (95% CI, 0.24-0.42) higher on inattention at 8 years of age,
and 0.23 SD (95% CI, 0.14-0.32) higher on hyperactivity at 8
years of age compared with children born at gestational week
40. Corresponding ORs were 1.55 (95% CI, 1.29-1.85) for ADHD
at 5 years of age, 1.85 (95% CI, 1.55-2.14) for inattention at 8
years of age, and 1.52 (95% CI, 1.29-1.79) for hyperactivity at 8
years of age. Adjusted estimates were 0.15 SD (95% CI, 0.05-
0.25) for ADHD at 5 years of age, 0.31 SD (95% CI, 0.21-0.41)

Table 1. Standardized Differences in ADHD Symptoms Among 5-Year-Old Children by Gestational Age Group

Gestational
Week

SD (95% CI)

Total MoBa Samplea Total Sibling Sampleb Sibling Comparison Modelc

Unadjusted Adjusted Unadjusted Adjustedd Unadjusted Adjustedd

<34 0.24 (0.14 to 34.0) 0.15 (0.05 to 25.0) 0.28 (0.07 to 49.0) 0.27 (0.06 to 48.0) 0.42 (0.12 to 72.0) 0.32 (0.02 to 62.0)

34-36 0.07 (0.01 to 13.0) 0.04 (−0.02 to 10.0) 0.09 (−0.03 to 21.0) 0.10 (−0.02 to 22.0) 0.09 (−0.06 to 24.0) 0.02 (−0.14 to 18.0)

37-38 −0.01 (−0.05 to 3.0) 0.02 (−0.02 to 6.0) 0 (−0.06 to 6.0) 0.04 (−0.02 to 10.0) 0.03 (−0.05 to 11.0) 0.03 (−0.05 to 11.0)

39 −0.04 (−0.07 to −0.01) −0.01 (−0.04 to 2.0) 0.03 (−0.02 to 8.0) 0.06 (0.01 to 11.0) 0.04 (−0.03 to 11.0) 0.06 (−0.01 to 13.0)

40 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

41 −0.02 (−0.06 to 2.0) −0.02 (−0.05 to 1.0) 0.01 (−0.04 to 6.0) 0.01 (−0.04 to 6.0) 0 (−0.07 to 7.0) −0.05 (−12.0 to 2.0)

>41 0.04 (−0.01 to 9.0) −0.02 (−0.07 to 3.0) 0.16 (0.08 to 24.0) 0.10 (0.02 to 18.0) 0.10 (0 to 20.0) −0.03 (0.13 to 7.0)

Abbreviations: ADHD, attention-deficit/hyperactivity disorder;
MoBa, Norwegian Mother and Child Cohort Study.
a N = 113 227 (41 342 with outcome data).
b n = 33 081 (13 446 with outcome data).
c n = 24 027 Siblings discordant on exposure (9315 with outcome data

[discordant]). The full information maximum likelihood estimator was used for
handling missing data.

d Adjusted for pregnancy-specific characteristics: sex, small for gestational age,
congenital malfunctions, parity, plurality, and bleeding before gestational
week 13.

Research Original Investigation Association of Gestational Age at Birth With Symptoms of ADHD in Children

752 JAMA Pediatrics August 2018 Volume 172, Number 8 (Reprinted) jamapediatrics.com

© 2018 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by University of Oslo user on 01/30/2019

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2018.1315&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2018.1315
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2018.1315&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2018.1315
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2018.1315&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2018.1315
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2018.1315&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2018.1315
http://www.jamapediatrics.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2018.1315


for inattention at 8 years of age, and 0.16 SD (95% CI, 0.07-
0.25) for hyperactivity at 8 years of age.

Before sibling control but adjusted for pregnancy-
specific risk factors, an association was apparent between early
preterm birth and ADHD symptoms in the sibling sample. Chil-
dren born early preterm scored 0.27 SD (95% CI, 0.06-0.48)
higher on ADHD at 5 years of age (Table 1), 0.32 SD (95% CI,
0.12-0.52) higher on inattention at 8 years of age, and 0.28 SD
(95% CI, 0.07-0.49) higher on hyperactivity at 8 years of age
(Table 2). Corresponding ORs were 1.63 (95% CI, 1.11-2.39) for
ADHD at 5 years of age, 1.79 (95% CI, 1.24-2.57) for inatten-
tion at 8 years of age, and 1.66 (95% CI, 1.14-2.43) for hyper-
activity at 8 years of age.

Familial factors explained 43% of the total variance in ADHD
at 5 years of age, 35% of hyperactivity at 8 years of age, and 34%
of inattention at 8 years of age. To investigate whether this
shared variance accounts for the association between prema-
turity and ADHD, exposure-discordant siblings were com-
pared. Results are presented in Table 1 and Table 2. Compared
with their siblings born in gestational week 40 and adjusted for
pregnancy-specific factors, children born early preterm scored
0.32 SD (95% CI, 0.02-0.62) higher on ADHD at 5 years of age,
0.31 SD (95% CI, 0.05-0.57) higher on inattention at 8 years of
age, and 0.03 (95% CI, −0.32 to 0.26) lower on hyperactivity at
8 years of age. Corresponding ORs were 1.79 (95% CI, 1.04-
3.08) on ADHD at 5 years of age, 1.75 (95% CI, 1.09-2.81) on in-
attention at 8 years of age, and 0.95 (95% CI, 0.21-1.60) on hy-
peractivity at 8 years of age. Pregnancy-specific covariates
accounted for a small portion (0.10 SD) of the association with
ADHD-5 and close to none of the 8-year outcomes.

There was a sex by gestational week (linear and qua-
dratic) interaction effect on ADHD symptoms at 5 years of age.
Adjusted results of sex-stratified sibling control analyses are
presented in Figure 2. Early preterm girls scored a mean of 0.8
SD higher compared with their term-born sisters (95% CI, 0.12-
1.46; P = .02), corresponding to an OR of 4.27 (95% CI, 1.24-
14.13). Figure 2 indicates a dose-response association be-
tween gestational age and ADHD-5 in girls, which was not
evident for boys.

Discussion
The results of the sibling-control approach used in our study
suggest that early premature birth increases the risk of symp-
toms of ADHD in preschool-age children and symptoms of in-
attention in school-age children. The preschool association was
most pronounced among girls. The association between pre-
mature birth and hyperactivity/impulsivity was completely
confounded by factors shared between siblings. There was
no indication of a negative association of being born in gesta-
tional weeks 34 to 39 (effect sizes typically <0.1 SD). In addi-
tion, the negative association of being born late term was
attenuated in the sibling control models.

The observation that confounding attributable to unmea-
sured factors did not account for the associations with ADHD
at 5 years of age and inattention 8 years of age are in line with
earlier sibling comparisons based on dichotomous ADHD
outcomes3,11 and with another sibling study28 that found
neurodevelopmental problems (ie, language delay) in preterm

Table 2. Standardized Differences in Inattention and Hyperactivity Among in 8-Year-Old Children by Gestational Age Groups

Gestational
Week

SD (95% CI)

Total MoBa Samplea Total Sibling Sampleb Sibling Comparison Modelc

Unadjusted Adjusted Unadjusted Adjustedd Unadjusted Adjustedd

Inattention

<34 0.33 (0.24 to 42.0) 0.31 (0.21 to 41,0) 0.34 (0.13 to 0.55) 0.32 (0.12 to 52.0) 0.31 (0.05 to 57.0) 0.31 (0.05 to 57.0)

34-36 0.09 (0.03 to 15.0) 0.11 (0.05 to 17.0) 0.08 (−0.03 to 19.0) 0.07 (−0.03 to 17.0) 0.03 (−0.11 to 17.0) −0.02 (−0.16 to 12.0)

37-38 0.01 (−0.02 to 4.0) 0.03 (0 to 6.0) 0.02 (−0.05 to 9.0) 0.05 (−0.01 to 11.0) 0.01 (−0.07 to 9.0) 0.04 (−0.04 to 12.0)

39 −0.04 (−0.07 to −0.01) −0.02 (−0.05 to 1.0) 0.01 (−0.06 to 8.0) 0.03 (−0.02 to 8.0) 0 (−0.06 to 6.0) 0.03 (−0.03 to 9.0)

40 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

41 −0.01 (−0.04 to 2.0) −0.03 (−0.06 to 0) 0.04 (−0.03 to 11.0) 0.03 (−0.02 to 8.0) 0.03 (−0.04 to 10.0) −0.01 (−0.08 to 6.0)

>41 0.06 (0.02 to 10.0) −0.01 (−0.05 to 3.0) 0.11 (0.03 to 19.0) 0.06 (−0.01 to 13.0) 0.12 (0.02 to 22.0) 0 (−0.10 to 10.0)

Hyperactivity

<34 0.23 (0.14 to 32.0) 0.16 (0.07 to 25.0) 0.29 (0.08 to 0.50) 0.28 (0.07 to 49.0) 0 (−0.28 to 28.0) −0.03 (−0.32 to 26.0)

34-36 0.11 (0.05 to 17.0) 0.08 (0.02 to 14.0) 0.09 (−0.13 to 0.31) 0.07 (−0.04 to 18.0) 0.05 (−0.09 to 19.0) 0.01 (−0.13 to 15.0)

37-38 0.01 (−0.02 to 4.0) 0.02 (−0.01 to 5.0) 0.05 (−0.01 to 0.11) 0.06 (0 to 12.0) 0.02 (−0.06 to 10.0) 0.04 (−0.04 to 12.0)

39 −0.04 (−0.07 to −0.01) −0.02 (−0.05 to 2.0) 0.01 (−0.04 to 0.06) 0.02 (−0.03 to 7.0) 0 (−0.07 to 7.0) 0.02 (−0.05 to 9.0)

40 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

41 −0.02 (−0.05 to 1.0) −0.03 (−0.06 to 0) 0.05 (0 to 0.10) 0.02 (−0.03 to 7.0) 0.05 (−0.02 to 12.0) 0.02 (−0.05 to 9.0)

>41 0.04 (0 to 8.0) 0 (−0.04 to 4.0) 0.12 (0.40 to 0.20) 0.07 (0 to 14.0) 0.11 (0.01 to 21.0) 0.03 (−0.07 to 13.0)

Abbreviation: MoBa, Norwegian Mother and Child Cohort Study.
a N = 113 227 (43 058 with outcome data).
b n = 33 081 (13 780 with outcome data).
c n = 24 027 Siblings discordant on exposure (9833 with inattention outcome

data, 9412 with hyperactivity outcome data [discordant]). The full information

maximum likelihood estimator was used for handling missing data.
d Adjusted for pregnancy-specific characteristics: sex, small for gestational age,

congenital malfunctions, parity, plurality, and bleeding before gestational
week 13.
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children. In accordance with previous literature,5,8,16-19 being
born preterm is associated with inattention more than with
hyperactivity. Such a differential association was not sup-
ported by a recent meta-analysis.4 Unfortunately, the pre-
school outcome measure did not allow differentiating
between inattention and hyperactivity. Most of the items of
ADHD at 5 years of age tap the dimension of inattention, and
the significant results could be driven by an association with
this primarily.

Various mechanisms might explain the association
between early preterm birth and ADHD and inattention
symptoms.1 Several authors3,11 suggest the immaturity of the
brain and its development as the main reason. At gestational
week 35, the weight of the brain is approximately 60% of that
at term,35 and it is in a critical period of development that nor-
mally takes place in utero.36 Preterm children are at higher risk
for postnatal complications and are often exposed to factors that
can promote neuronal cell death in the brain. This could lead
to volumetric losses in specific brain regions and may partially
explain the cognitive abnormalities in these children.37

Adjusting for measured covariates did not account for a
substantial proportion of the association. Although we inves-
tigated the confounding potential of a wide range of vari-
ables, we cannot rule out the possibility that other pregnancy-
specific factors closely associated with gestational age could
explain the association between early premature delivery and
ADHD symptoms (eg, infection or inflammation).38

Our results suggest that the negative consequences of being
born preterm are most pronounced in girls (at 5 years of age),
although the power of the sex-stratified analyses is limited. A
high score on inattention might be a reflection of related con-
structs, for example, anxiety, which is more prevalent among
girls than boys, a possible explanation for the observed sex dif-
ference.

Limitations
There are 5 important limitations of the current study. First,
the participation rate was 41%, suggesting the possibility of

bias attributable to nonrandom participation. Young women,
smokers, and women with low educational level were
underrepresented.39 However, bivariate associations do not
seem to be affected by the low participation rate in MoBa.39

Second, attrition over time might cause a selection bias if
mothers lost to follow-up have a higher rate of preterm deliv-
eries and children with ADHD symptoms. The sibling design
represents a robust approach to selection bias because stable
selection factors are completely adjusted for. The sibling
sample was comparable to the total MoBa sample on most vari-
ables, confirming a representative sample.

Third, in the sibling comparisons, only exposure-
discordant siblings contribute to the estimated association.
This implies a selection of pairs that also differ in possible
reasons for being born preterm vs term, including possible
confounders. The confounder-exposure association could be
strengthened, thus increasing any spurious association
attributable to nonshared confounding bias. If siblings are
less similar with regard to confounders than to the exposure
under study, the sibling-control estimates will be biased.40

However, we believe that gestational age is randomly distrib-
uted. The intraclass correlation for gestational age was 0.34
(95% CI, 0.31-0.36). In addition, the measured confounders
adjusted for in our analyses do not explain much of the asso-
ciation. It is not likely that the observed associations would
be completely attributable to confounders not shared by the
siblings.

Fourth, adjustment for unmeasured factors shared among
siblings may include adjustment for variables that lie on the
pathway from the exposure to the outcome (mediators), pos-
sibly introducing bias.41 For example, having a premature in-
fant could influence the family environment (eg, parental
distress), in turn influencing the symptom level of all the sib-
lings. However, because the association is not strongly re-
duced after sibling control, the inclusion of important media-
tors is not likely.

Fifth, although the items used closely mirror the DSM-IV
criteria, maternal reports are not equivalent to a psychiatric
evaluation. However, previous research has suggested that
ADHD as a disorder is not etiologically different from ADHD
as a continuum.42

Conclusions
To our knowledge, this is the first study to investigate the
association between preterm birth and symptoms of ADHD
using a sibling-comparison design. We found that early pre-
mature birth was associated with ADHD symptoms in
preschool-age children and inattention symptoms in school-
age children. Our study emphasizes the benefit of a sibling-
comparison design and shows that differentiating between
dimensions of inattention and hyperactivity/impulsivity, as
well as by sex, can provide important knowledge about
ADHD. The findings illustrate potential gains of reducing
preterm birth and the importance of providing custom sup-
port to children born preterm to prevent neurodevelopmen-
tal problems.

Figure 2. Gestational Age at Birth and Attention-Deficit/Hyperactivity
Symptoms in 5-Year-Old Boys and Girls
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born in gestational week 40. Error bars indicate 95% CIs.
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