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Head circumference at birth and intellectual disability: a
nationwide cohort study
Kristina Aagaard1, Niels B. Matthiesen1,2, Cathrine C. Bach1,3, René T. Larsen1 and Tine B. Henriksen1

BACKGROUND: Intellectual disability (ID) is a prevalent chronic disability affecting up to 1–3% of the general population. Small
head circumference at birth, a surrogate measure of foetal cerebral growth, may be a risk factor for ID. We aimed to investigate the
association between the full distribution of head circumference at birth and ID.
METHODS: This cohort study was based on Danish nationwide registries and included all Danish singletons born alive from 1997 to
2013. Follow-up ended at October 2015. The data was analysed using a Cox proportional hazards regression model adjusted for a
large number of potential confounders.
RESULTS: The cohort comprised 986,909 infants. Neither microcephaly nor macrocephaly at birth was consistently associated with
the risk of ID. Within the normal range of head circumference, larger head circumference was associated with a decreased risk of ID
(HR per standard deviation increase in head circumference z score 0.85, 95% CI 0.81–0.88). The association detected within the
normal range was consistent in all sensitivity analyses.
CONCLUSIONS: Intrauterine brain growth restriction may be a risk factor for ID.
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INTRODUCTION
Intellectual disability (ID) is one of society’s most prevalent chronic
disabilities affecting up to 1–3% of the general population.1

Various aetiological pathways leading to the development of ID
have been identified.2 Nevertheless, the aetiology of ID still
remains unsettled in many cases.2,3

ID is most commonly perceived as a general symptom of
neurological dysfunction arising from chronic brain abnormalities.
By convention, children with ID have a reduced intelligence
quotient (IQ) <70 and concomitant deficits in adaptive functions.
There are several known prenatal, perinatal and postnatal causes,
of which genetic factors and intrauterine exposures are consid-
ered the most important.3,4

Foetal life is a period of rapid brain development and growth.
Consequently, normal brain development crucially relies on the
intrauterine environment, and various exposures during the foetal
state are known to cause foetal brain growth retardation.5

Alterations in foetal brain growth may be estimated by head
circumference at birth, an easily obtainable and reliable proxy for
brain size.6–8 Routine measures of head circumference are
performed at birth in several countries, including Denmark.9

Microcephaly during childhood has been shown to be an
important predictor of ID.5,10 Nevertheless, the association
between head circumference at birth and ID remains less well
understood. The association between small birth size and poorer
intellectual performance measured as lower IQ is well substan-
tiated in the existing literature. Large cohort studies have shown
an association between lower birth weight, shorter birth length,
and smaller head circumference at birth and poorer intellectual
performance in both adolescence and young adulthood.11–14

These studies did not examine the association with ID. Foetal

growth restriction and low birth weight have been associated with
ID.15–17 However, only few smaller studies, with limited informa-
tion on relevant confounding factors, have investigated the
association between head circumference at birth and the
diagnosis of ID.15,16 Consequently, larger studies with detailed
information on relevant confounding factors are needed to
describe the association between head circumference at birth
and childhood ID in detail. This may facilitate the study of early
cerebral pathology and ultimately the identification of other
prenatal risk factors. Moreover, the association may be of great
relevance at the individual level since a diagnosis of ID reflects not
only a significantly reduced IQ but also associated deficits in
practical, social, and conceptual skills.3 The long-term conse-
quences of these deficits may be modified by early identification
and support.3

In this large, nationwide cohort study with long-term follow-up,
we set out to estimate the association between the full range of
head circumference at birth, a surrogate measure of foetal brain
growth, and the risk of ID, adjusted for a large number of known
and potential confounders.

METHODS
Study cohort
We identified all Danish infants born alive between January 1,
1997, and December 31, 2013.9,18 The cohort has been described
previously.18 Linkage of the cohort to individual-level information
from nationwide Danish registries was enabled by the unique
personal identification numbers introduced in Denmark in 1968.19

Only singleton infants with a valid personal identification number,
with a gestational age at birth of 22–45 weeks and no major
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malformations, no congenital syndromes, and no diagnoses
related to intrauterine alcohol exposure were considered eligible.
The study was approved by the Danish Data Protection Agency

(Journal number 2012-58-006). Individual consent is not required
for registry-based studies in Denmark.

Head circumference at birth
The measurement of occipitofrontal head circumference has been
mandatory in Denmark for all live births since 1997. The
information is stored in the Danish Medical Birth Registry along
with gestational age at birth.9 Estimation of gestational age at
birth is predominantly based on ultrasound measurements.20 This
information allowed the calculation of sex- and gestational age-
specific head circumference z scores based on the population
head circumference mean and standard deviation. Head circum-
ference values were discarded as implausible if <−5 or >
+5 standard deviations (SD).21 Implausible values of gestational
age were detected according to a United States algorithm and
recorded as missing or replaced with gestational ages according
to the first day of the last menstrual period if available.22

Intellectual disability
Cases of ID were identified using psychiatrist-assigned diagnostic
codes registered in the Danish Psychiatric Central Registry.23

Diagnostic codes were recorded according to the International
Classification of Diseases, the Tenth revision (ICD-10). We included

all ICD-10 codes of ID (DF70 to DF79): DF70, mild intellectual
disabilities; DF71, moderate intellectual disabilities; DF72, severe
intellectual disabilities; DF73, profound intellectual disabilities;
DF78, other intellectual disabilities; and DF79, unspecified
intellectual disabilities.

Covariates
Information on covariates was obtained from several nationwide
Danish Registries. Information related to birth and pregnancy was
obtained from the Danish Medical Birth Registry.9 The extracted
information included child birth year, sex, birth weight, plurality,
maternal parity, age at delivery, pre-pregnancy body mass index
(BMI), and smoking during pregnancy. Information on maternal
morbidities including psychiatric illness, diabetes mellitus, hyper-
tension, and the use of antiepileptic drugs was obtained from the
Danish National Patient Registry,24 the Danish Psychiatric Central
Registry,23 and the Danish National Prescription Registry.25 As in
previous studies, maternal morbidities were identified using both
diagnostic codes and redeemed prescriptions of relevant medica-
tion.26–28 Parental origin was defined by information on both
parental citizenship and birth place extracted from the Danish
Civil Registration System. Information on date of emigration,
unknown place of residence, or death was also extracted from the
Danish Civil Registration System.19 Finally, we extracted informa-
tion on parental educational level, family disposable income, and
parental cohabitation status from registries administered by

Table 1. Baseline characteristics of 801,564 infants and their mothers born in Denmark 1997–2013 according to head circumference at birth

Characteristic Microcephaly (No.: 16,243) Normocephaly (No.: 766,187) Macrocephaly (No.: 19,134)

Male sex of the child, n (%) 7633 (47) 390,043 (51) 9346 (49)

Birth weight, g, mean ± SD 3020 ± 477 3560 ± 515 4200 ± 516

Gestational age, weeks, median (IQR) 40 (39–41) 40 (39–41) 40 (39–41)

Primiparous, n (%) 9487 (58) 302,224 (39) 6231 (33)

Maternal age at delivery, years, mean ± SD 30 ± 5 31 ± 5 31 ± 5

Maternal disease, n (%)

Psychiatric illness before date of childbirth 2596 (16) 109,860 (14) 2521 (13)

Diabetes mellitus before or through first trimester 271 (2) 16,921 (2) 688 (4)

Hypertension before or through first trimester 318 (2) 15,102 (2) 418 (2)

Use of antiepileptic drugs during pregnancy 76 (0.5) 3002 (0.4) 72 (0.4)

Maternal pre-pregnancy BMI, kg/m2, median (IQR) 23 (20–26) 23 (21–26) 25 (22–29)

Maternal smoking during pregnancy, n (%) 3572 (22) 105,453 (14) 1626 (9)

Parental origin, n (%)

Danish 12,318 (76) 623,692 (81) 16,556 (87)

Western 842 (5) 42,476 (6) 977 (5)

Non-western 3083 (19) 100,019 (13) 1601 (8)

Highest parental educational level, n (%)

Equal to or less than lower secondary school 1733 (11) 55,702 (7) 1073 (6)

Vocational education 5247 (32) 232,299 (30) 6163 (32)

Post-compulsory education 1378 (8) 60,411 (8) 1453 (8)

Short higher education 1043 (6) 52,374 (7) 1386 (7)

Medium-cycle higher education 3572 (22) 190,877 (25) 5038 (26)

Bachelor’s degree 411 (3) 20,516 (3) 507 (3)

Master’s degree or higher 2859 (18) 154,008 (20) 3514 (18)

Family disposable income, DKKa, median (IQR) 189 (145–237) 193 (154–237) 193 (158–234)

Parental cohabitation status, n (%)

Yes 14,840 (91) 723,168 (94) 18,416 (96)

Numbers are based on cases with complete information
BMI body mass index, IQR interquartile range, SD standard deviation, No. number, DKK Danish Krone (the Danish currency)
aFamily disposable income is reported in 1000 DKK
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Statistics Denmark.29 The highest achieved or ongoing education
of either parent defined the educational level. Disposable income
was equivalence weighted, i.e. corrected for the number of
individuals in the household and corrected for inflation according
to the Danish Consumer Price Index. Detailed information on the
registries and covariates has been presented in a previous
publication.18

Statistical analyses
We estimated the association between head circumference at
birth and ID using a multivariable Cox proportional hazards
regression model with robust standard errors in order to
account for dependence between siblings. We performed
categorized analyses comparing children born with microce-
phaly and macrocephaly to children born with normocephaly.
We defined microcephaly as a head circumference z score <
−2SD and macrocephaly as a head circumference z score >
+2SD. Further, we performed analyses restricted to normoce-
phalic children (head circumference z score from −2SD to
+2SD) including head circumference z score as a continuous
variable. Lastly, we modelled head circumference as a restricted
cubic spline with pre-specified knots at head circumference z
score values of −5, −2, +2, and +5. All individuals
were followed from the time of birth until the date of the
first diagnosis of ID or the time of censoring due to
emigration, unknown place of residence, death, or the end of
follow-up on October 1, 2015, whichever occurred first. We
performed all analyses both crude and adjusted for potential
confounders.
Covariates were included in the analyses based on causal

directed acyclic graphs and a priori knowledge30 (Supplementary
Fig. S1). The main analyses were based on individuals with
complete information on all covariates and were adjusted for birth
year and sex, maternal parity, age at delivery, psychiatric illness,
diabetes mellitus, hypertension, use of antiepileptic drugs, and
smoking during pregnancy. Moreover, the analyses were adjusted
for parental origin, educational level, family disposable income
(included in analyses as a restricted cubic spline), and parental

cohabitation status. The categorization of the covariates is shown
in Table 1.
In secondary analyses, we estimated the association between

head circumference z score minus birth weight z score (a measure
of the proportionality of the child) and ID. Owing to the well-
known association between birth weight and ID, we also
performed analyses adjusted for birth weight z score and small
for gestational age (SGA) status (birth weight z score <–1.25SD).
We estimated the association between head circumference at
birth and mild ID and moderate-to-profound ID (only few children
were diagnosed with severe and profound ID). We performed
analyses restricted to children without autism spectrum disorders
(ASD; DF84.0, DF84.1, DF84.5, DF84.8, and DF84.9) or attention-
deficit hyperactivity disorder (ADHD; DF.90.0, DF90.1, DF90.8, and
DF90.9) to account for the high comorbidity of ID and these
disorders. Lastly, we performed analyses also adjusted for Apgar
score (Apgar score categorized as <7 vs. 7+ was added to the
covariates from the primary analyses), a possible measure of
labour and delivery complications.
We performed a number of pre-planned sensitivity analyses. In

order to control for unknown or unmeasured family-related factors,
we applied a within-mother between-pregnancy design using a
stratified Cox regression analysis in sibling pairs of the same
mother.31,32 In order to be included in these analyses, sibling pairs
were required to have discordant information on both head
circumference z score and the outcome. Maternal pre-pregnancy
BMI, a potential confounder, has only been recorded since 2004 and
was therefore not included as a covariate in the primary analyses.
Thus we carried out a sensitivity analysis restricted to cases with
complete information on all variables, including BMI. In order to
evaluate the effect of the applied definition of microcephaly and
macrocephaly, we also performed analyses defining microcephaly as
head circumference <−3SD and macrocephaly as >+3SD. To
account for missing data in the primary analyses as well as missing
information on BMI, we performed a multiple imputation analysis
under the assumption of missing at random including the entire
cohort of 986,909 individuals.33 A number of variables describing
foetal and maternal health, predicting the risk of missing data, were

1,085,784
Live-born infants

1997–2013

986,909
Infants eligible for final analyses

801,564
Infants included in the complete

case analyses

Censored: 17,455
Emigration: 15,878

Death: 1342
Unknown place of residence: 235

Missing information on any covariate: 185,345

Excluded: 98,875
Invalid or missing personal identification number: 337

Multiple births: 46,221
Gestational age <22 weeks: 9

Congenital malformations, congenital syndromes,
or diagnoses related to intrauterine alcohol exposure: 52,308

Fig. 1 Flow chart illustrating the number of excluded and censored infants as well as the number of infants included in the primary complete
case analyses
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extracted from the Danish Medical Birth Registry and the Danish
National Patient Registry and included in the imputation model in
order to fulfil the assumption of missing at random (Supplementary
Table S1).9,24 The number of complete cases included in the primary
analyses was 801,564 (81%). Among any given covariate excluding
BMI, the largest fraction of missing information was 14%. Finally, we
performed analyses stratified according to preterm birth.
Statistical analyses were performed at the server of Statistics

Denmark using Stata14 (StataCorp, College Station, TX).

RESULTS
A total of 801,564 infants were included in the main analyses
(Fig. 1). Baseline characteristics of the children, mothers, and
parents are presented according to the presence of microcephaly,

normocephaly, and macrocephaly (Table 1). Mean birth head
circumference was 35.1 cm, 16,243 children were classified as
microcephalic, 766,187 as normocephalic, and 19,134 as macro-
cephalic. Altogether 17,455 individuals (2.2%) were censored in
the primary analyses: 2.0% emigrated, 0.2% died, and 0.03% were
registered with an unknown place of residence (Fig. 1). The
number of individuals diagnosed with ID was 3028 (0.38%). The
median time of follow-up was 10 years (interquartile range: 6–15
years).

Head circumference and ID
Compared to normocephaly, microcephaly was associated with an
increased risk of ID (hazard ratio (HR) 1.41, 95% confidence
interval (CI) 1.15–1.74; Table 2). Macrocephaly was not clearly
associated with a decreased risk of ID (HR 0.87, 95% CI 0.68–1.12;
Table 2). Within normocephalic children, a larger head circumfer-
ence was associated with a decreased risk of ID (HR per SD
increase in head circumference z score 0.85, 95% CI 0.81–0.88;
Table 2). Compared to the upper limit of normocephaly, a head
circumference at the lower limit was associated with a 95%
increased hazard of ID (HR 1.95, 95% CI 1.64–2.30). These
associations were corroborated by the model using a restricted
cubic spline (Fig. 2).

Secondary and sensitivity analyses
No association was found between head circumference minus
birth weight z score, a measure of the proportionality of the child,
and ID (adjusted HR 1.02, 95% CI 0.98–1.06) (Supplementary Table
S2). Adjusting for birth weight z score or SGA did not change our
results substantially within the normal range of head circumfer-
ence. However, the association between microcephaly and ID was
attenuated and not statistically significant (Supplementary Tables
S3 and S4). Within the normal range, the association between
smaller head circumference and the risk of moderate-to-profound
ID was slightly stronger compared to the association between
smaller head circumference and mild ID (Supplementary Table S5).
Exclusion of children with ASD or ADHD did not change the
associations substantially (Supplementary Table S6). The associa-
tions detected when adjusting for Apgar score were similar to the
results of the primary analyses (Supplementary Table S7). The
sibling analyses and the analyses adjusted for BMI confirmed
the association between smaller head circumference and ID within

Table 2. The association between head circumference at birth and intellectual disability in 801,564 children born in Denmark from 1997 to 2013

Microcephaly and macrocephaly at birth and intellectual disability

No. of outcomes (%) Crude HR (95% CI) Crude HR (95% CI), complete case Adjusteda HR (95% CI)

ID

Normocephaly (No.: 766,187)b 2869 (0.37) 1 (reference) 1 (reference) 1 (reference)

Microcephaly (No.: 16,243)b 96 (0.59) 1.79 (1.51–2.12) 1.65 (1.35–2.03) 1.41 (1.15–1.74)

Macrocephaly (No.: 19,134)b 63 (0.33) 0.75 (0.59–0.94) 0.79 (0.61–1.01) 0.87 (0.68–1.12)

Head circumference z score at birth and intellectual disability within normocephalic children

No. of outcomes in 766,187b

normocephalic children (%)
Crude HR per SD increase
(95% CI)

Crude HR per SD increase (95% CI),
complete case

Adjusteda HR per SD increase
(95% CI)

ID 2869 (0.37) 0.81 (0.78–0.84) 0.80 (0.76–0.83) 0.85 (0.81–0.88)

Children with microcephaly or macrocephaly were compared with children with normocephaly. Normocephaly: head circumference z score from −2SD to
+2SD. Microcephaly: head circumference z score <−2SD. Macrocephaly: head circumference z score >+2SD
ID intellectual disability, No. number, CI confidence interval, SD standard deviation, HR hazard ratio
aAdjusted for child birth year, child sex, parity, maternal age at delivery, maternal psychiatric illness, maternal diabetes mellitus, maternal hypertension,
maternal use of antiepileptic drugs, maternal smoking during pregnancy, parental origin, highest parental educational level, family disposable income, and
parental cohabitation status
bNumbers included in adjusted analyses with full information on all covariates
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Fig. 2 The association between head circumference z score and ID
in 801,564 children born in Denmark from 1997 to 2013 (restricted
cubic spline). Restricted cubic spline with pre-specified knots at
head circumference z score values −5, −2, +2 and +5. Adjusted for
child birth year, child sex, parity, maternal age at delivery, maternal
psychiatric illnes, maternal diabetes mellitus, maternal hypertension,
maternal use of antiepileptic drugs, maternal smoking during
pregnancy, parental origin, highest parental educational level,
family disposable income, and parental cohabitation status
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the normocephalic children. No association between microce-
phaly or macrocephaly and ID was detected in the sibling analyses
(Table 3). In the analyses adjusted for BMI, the association
between microcephaly and ID was attenuated and not statistically
significant (Supplementary Table S8). In accordance with Fig. 2,
defining microcephaly and macrocephaly at ±3SD, the point
estimates suggested stronger associations with increased risks of
ID. These results were not statistically significant (Supplementary
Table S9). In general, the results of the analyses based on multiple
imputation including the entire cohort were similar to the results
of the primary analyses (Supplementary Table S10). Compared to
infants born at term, the associations between microcephaly and
smaller head circumference within the normal range and ID
were stronger among children born preterm (Supplementary
Table S11).

DISCUSSION
This study investigated the association between the full range of
head circumference at birth and ID. We found an increased risk of
ID among children born with microcephaly compared to children
with normocephaly. Smaller head circumference within the
normal range was also associated with an increased risk of ID. In
sensitivity analyses, only the association within the normal range
was consistent. When comparing the two extremes of the normal
range of head circumference, a head circumference at the lower
extreme was associated with an almost twofold increase in the
hazard of ID.
Our findings were comparable with results from previous

studies investigating the association between head circumference
at birth and ID, investigating the association between the
percentage deviation of the observed birth head circumference
from the predicted optimal birth head circumference and ID. Both
studies reported associations between smaller head circumfer-
ence at birth and ID.15,16

When comparing head circumference to overall birth size,
measured as birth weight, no association was found between a
disproportionately small head circumference relative to the
overall size and ID. To our knowledge, this has not been
investigated previously in newborns. However, one study
showed that small head circumference relative to height in
children at the age of 1 and 7 years was not more predictive for
ID than small head circumference alone.5 When adjusting

analyses for birth size, i.e. birth weight and SGA status, no
statistically significant association was found between micro-
cephaly at birth and ID. However, our results suggest that the
association between head circumference within the normal
range and ID detected in the primary analyses was not
explained by overall birth size.
The degree of cognitive impairment varies significantly with the

severity of ID,2 and the aetiology of the disorder may also vary
between categories of ID. For example, congenital syndromes are
more common in children with profound as opposed to mild ID.34

Within the normal range of head circumference, we found a
slightly stronger association between smaller head circumference
and moderate-to-profound ID compared to mild ID. This finding is
in accordance with a previous study reporting stronger associa-
tions among children with severe ID.15 In addition, a single study
only found an association between head circumference at birth
and severe ID but not with less severe ID.16 Our results indicate
that intrauterine brain growth restriction is associated with all
degrees of ID.
Previous studies have suggested aetiological distinctions

between individuals with ID occurring with and without ASD or
ADHD.35,36 Further, the validity of IQ tests may be impaired among
children with behavioural problems and misclassification of ID
may be more prevalent in children with ASD and ADHD.37,38

However, the associations between head circumference and ID
remained virtually unchanged after exclusion of children with
these common comorbidities.35,36

Labour and delivery complications have been associated with
ID.15 Such complications may also be associated with more infant
head molding and potentially confound our results. Adjusting for
Apgar score, a proxy measure of complicated childbirth, revealed
essentially unchanged results.
The association between microcephaly and ID disappeared in

the sibling analyses and was attenuated and not statistically
significant in the analyses adjusted for BMI. This finding suggests
that the association shown in the primary analysis may have been
due to residual confounding. Sibling analyses enable some degree
of adjustment for unmeasured family-related time-stable con-
founders, including intrauterine, environmental, socioeconomic
factors, and genetic factors.31 The association between micro-
cephaly and ID has previously been shown to differ by socio-
economic status, and several genetic causes of microcephaly and
mental retardation have been identified.5,39 To our knowledge, no

Table 3. Sibling analyses: the association between head circumference at birth and intellectual disability within siblings born in Denmark from 1997
to 2013

Microcephaly and macrocephaly at birth and intellectual disability

No. of informative sibling groups Crude HR (95% CI) Adjusteda HR (95% CI)

ID

Normocephaly 1 (reference) 1 (reference)

Microcephaly 165 1.06 (0.74–1.51) 1.00 (0.65–1.55)

Macrocephaly 82 0.97 (0.58–1.61) 0.85 (0.49–1.46)

Head circumference z score at birth and intellectual disability within normocephalic children

No. of informative sibling groups Crude HR per SD increase (95% CI) Adjusteda HR per SD increase (95% CI)

ID 2452 0.85 (0.78–0.92) 0.85 (0.77–0.93)

Analyses were based on sibling pairs with full information on the covariates adjusted for.
Analyses were based on sibling pairs with full information on the covariates adjusted for. Normocephaly: head circumference z score from −2SD to + 2SD.
Microcephaly: head circumference z score <−2SD. Macrocephaly: head circumference z score >+2SD
ID intellectual disability, No. number, HR hazard ratio, SD standard deviation, CI confidence interval
aAdjusted for child birth year, sex, parity, maternal age at delivery, and maternal smoking during pregnancy. Children with microcephaly or macrocephaly were
compared with siblings with normocephaly
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previous studies have utilized sibling analyses to investigate the
association between head circumference at birth and ID.
No statistically significant associations between micro- and

macrocephaly and ID were present after changing the definition
to −3SD and +3SD. Considering the wide confidence intervals,
these analyses were most likely underpowered and therefore
incapable of reproducing the associations detected in the primary
analyses. The point estimates suggest a stronger association
between microcephaly defined as −3SD and ID compared to
microcephaly defined as −2SD. Moreover, the point estimates
suggest an association between macrocephaly defined as +3SD
and ID. This is in accordance with the u-shape of the restricted
cubic spline, suggesting an increase in ID among children with
extreme macrocephaly (Fig. 2).
Strengths of the present study included the large size of the

cohort and the ability to link the cohort to detailed and complete
Danish registries, which ensured virtually complete follow-up and
allowed us to perform estimations with high precision, accounting
for a large number of known and potential confounders.
Furthermore, the size of the cohort enabled us to perform sibling
analyses which, to some degree, hold the potential to account for
otherwise unquantifiable family-related confounders, such as
genetics. Lastly, missing data were handled by multiple imputa-
tion under a plausible assumption of missing at random in a
sensitivity analysis in order to ultimately secure the validity of the
primary results.
Regardless of the adjustment for several important confoun-

ders and the performance of sibling analyses, unmeasured
confounding may still have affected the reported associations.
Especially, the association between microcephaly and ID may
have been generated by unmeasured confounding and may not
be causal. On the contrary, the association detected between
smaller head circumference at birth within the normal range and
ID was supported by the consistency of the association in all
sensitivity analyses and the apparent dose–response association
visualized by the restricted cubic spline (Fig. 2). Consequently,
this association may represent a causal relationship.
Analyses based on multiple imputation suggest that selection

bias due to missing data did not affect the primary analyses.
Selection bias due to loss to follow-up is unlikely to have caused
any major bias of the results of the study considering the registry-
based design and the small percentage (2.2%) of individuals
censored during follow-up.
Measurement error of head circumference at birth and

misclassification of the diagnosis of ID may also have affected
the results of the study. Studies have investigated routine
measurements of head circumference in populations outside
Denmark and found these to be reliable in general.40 Never-
theless, both intra- and inter-observer measurement variability is
expected to influence the measurements. Any measurement
error of head circumference is likely to be independent of a later
diagnosis of ID and thus may result in non-differential
measurement error, potentially attenuating the detected asso-
ciations. The recording of the specific diagnosis of ID in the
Danish Psychiatric Central Registry has not been validated.
Nevertheless, validation studies have proven a high validity of
several other mental disorders, including schizophrenia,
autism, and ADHD.23 However, children with small head
circumference may be subject to more attention regarding
signs of ID and may be more likely to be referred for psychiatric
evaluation. This may have led to differential misclassification
and an overestimation of the association between microcephaly
and ID. This is, however, unlikely to apply to children born with
normocephaly.
In order to eliminate common causes of abnormal head

circumference and ID and to secure the internal validity of the
study, we excluded children born with major malformations and
congenital syndromes. Thereby we excluded a large number of

children with known congenital causes of ID. Consequently, the
reported prevalence of ID is lower in this study compared to
existing literature reporting the prevalence of ID to be 1–3%.1

Moreover, all children are not routinely IQ tested in Denmark. IQ
testing is merely performed when ID or other developmental or
mental difficulties are suspected. This may have led to an
underestimation of the prevalence of ID. Under-diagnosis of ID
is likely to be independent of head circumference at birth. Lastly,
as outlined above, we excluded children with a registered
diagnosis of central nervous system (CNS) malformation. However,
we cannot rule out few remaining undiagnosed cases of CNS
malformations within the cohort.
The current study suggests that the association between

microcephaly and ID was confounded by time-stable family-
related confounders. Within the normal range of head
circumference at birth, smaller head circumference was con-
sistently associated with ID. Consequently, isolated microce-
phaly at birth in itself may not be a useful marker for the risk of
ID, but growth restriction of the foetal brain may be a risk factor
for ID.
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