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ABSTRACT: The influences of prenatal and postnatal growth on
intellectual performance are unclear. We examined the associations
of birth size and gestational age with intellectual performance and
explored whether these associations were influenced by adult body
size and social factors. In this nationwide cohort study, the records of
317,761 male infants registered in the Medical Birth Registry of
Norway (1967–1979) were linked to the Norwegian Conscript Ser-
vice (1984–1999). The variation in intelligence test score at age 18
due to birth weight and birth length was evaluated using absolute and
standardized (z scores) values. Mean intelligence score increased by
gestational age, birth weight, and birth length. However, a decline in
intellectual performance was observed for gestational age �41 wk
and birth weight �4500 g. There was a strong interaction on intel-
lectual performance between birth size and gestational age (p �
0.0005). Adjusting for adult size strongly attenuated the association
of birth size with intellectual performance. The overall R2 of intel-
lectual performance explained by birth size was �1%; however,
adding adult body size and social factors to the model increased R2

to 12%. In conclusion, the association of birth size with intellectual
performance was weak, but still present after adjustment for adult
body size and social factors. (Pediatr Res 62: 636–642, 2007)

Intellectual performance appears to be negatively associated
with important health outcomes such as all-cause mortality

(1–4) and cardiovascular disease (1). Developmental research
has provided evidence that insults during critical periods in
early life may have lifetime consequences (5). Numerous
epidemiologic studies have reported that perinatal factors
including birth weight, birth length, and gestational age may
influence later intellectual performance, but the mechanisms
for these associations are unclear (6–19). Understanding the
early life influences on intellectual performance may be im-
portant for developing initiatives aimed at preventing adverse
outcomes in later life.

The association between birth size and intellectual perfor-
mance may be wholly or partly explained by later growth
rather than perinatal factors (20) because birth size is known
to be directly related to adult height (21) and a positive

correlation between adult height and intelligence has been
reported (6,10,22–25). To our knowledge, only one study has
so far examined the independent effects of birth weight and
current size on intelligence, but this study did not include
gestational age (10). Furthermore, only a small number of
population-based studies exists on the association between
birth weight and intelligence (18), and of these studies, the
largest did not adjust for socioeconomic status (26).

To assess the associations of birth weight, birth length, and
gestational age with adult intellectual performance and to
explore whether the associations were influenced by adult
body size and social factors, we conducted a historical birth
cohort study following a large sample of male infants regis-
tered in the Medical Birth Registry of Norway and linked to
data registered at the Norwegian Conscript Service as well as
Statistics Norway.

METHODS

Study population. In Norway, medical data on all births from 16 wk of
gestation have been recorded since 1967 by the Medical Birth Registry of
Norway (27). Data on general intellectual performance, height, and weight
have been routinely recorded by the Norwegian Conscripts Service in all
Norwegian men at the age of 18 y; only those who are permanently disabled
before this age are exempt from attending (21,28). Data on delivery were
linked with data on intellectual performance recorded by the Norwegian
Conscript Service 1984–1999, by the unique 11-digit personal identification
number. In addition, we added information on the highest attained maternal
educational level in 1998 from Statistics Norway (29) and on disability status
from the National Health Insurance Office (30). From 1967 to 1979, 393,570
singleton liveborn infant boys were registered in the Medical Birth Registry.
In this birth cohort, 8383 (2.1%) died before military draft, 3788 (1.0%)
emigrated, 5692 (1.4%) were permanently disabled, and 24,355 (6.2%) were
untraceable (21). Birth size characteristics for this cohort have been published
previously (21). Analyses were restricted to conscripts with data on intelli-
gence testing and maternal educational level. Data on intellectual performance
was missing for 18,979 of the drafted men, and another 14,612 men were
excluded due to missing data on maternal educational level, thus excluding
33,591 (8.5%) men. Consequently, 317,761 births (80.7% of the birth cohort)
were left for analysis.

Variables. Intellectual performance was measured by a 53-min standard-
ized group intelligence test, which was developed in 1953 for the Norwegian
draft board and revised in 1962. The revised version was used throughout the
study period. The test included time-limited subtests organized by increasing
difficulty covering three categories of items: verbal analogues, number series
(calculation) and geometric figures (an abbreviated version of Raven’s Pro-
gressive Matrices) (31), comprising a total of 120 questions. All conscripts
received standard instructions before the tests. These tests are highly corre-
lated with the Wechsler Adult Intelligence Scale (r � 0.73) (28,31,32). The
performance is reported in nine standard scores; i.e. single-digit standard
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scores (with values from 1 to 9) based on the normal distribution in 1962 with
a mean of 5.0 and SD of 1.96. The overall mean score was 5.20 and slightly
higher than the standardized mean (33), which is in accordance with the gain
in intellectual performance tests during the time period (28). A low score was
defined as �3, corresponding to the 16th percentile of the distribution.

Data on birth weight (g), birth length (cm), gestational age (weeks), and
year of birth, as well as data on the mother at the time of birth [age (years),
marital status (married or unmarried), and parity (number of previous births,
including stillbirths)] were obtained from the Medical Birth Registry. Data on
birth weight, birth length, and gestational age were missing for 415 (0.1% of
the study cohort), 3532 (1.1%), and 10,570 (2.8%) births, respectively. Data
on year of birth, maternal age, marital status, and parity were complete. Birth
weight was categorized as �1500 g, 1500–4999 g in 500-g categories, and
�5000 g. The gestational age–specific z score (SD above or below the mean)
of birth weight was calculated using Norwegian population standards (34),
and the z score of birth length was calculated based on the same material.
z Scores were categorized as ��3.00, �2.99–2.00, �1.99–0.50, �0.49–
0.50, 0.51–2.00, 2.01–3.00, and �3.00. Gestational age was estimated from
the reported last menstrual period and analyzed as completed weeks of
gestation. Preterm birth was defined as gestational age �37 wk, 37–41 wk as
term, and 42–44 wk as postterm. Maternal educational level (completed
years) was categorized into low (�10 y), medium (11–14 y), or high (�14 y).

Data on adult height (cm) and weight (kg) were missing for 400 and 636
men, respectively. Height was analyzed as a continuous variable (1-cm
increments). Quintiles and z scores for height were calculated based on data
from the study cohort. We categorized body mass index (BMI), i.e. weight
(kg)/height (m2), as �18.5, 18.5–24.9, 25.0–29.9, 30.0–39.9, and �40.0,
consistent with the cutoff points proposed by the World Health Organization
(35).

Statistics. The relationship between birth size and mean intelligence test
scores was explored by stratification and analysis of variance (crude and
adjusted analyses); comparisons were expressed as mean differences with
95% confidence intervals (CIs) (Tables 1 and 2). For models in Table 2, all
independent variables except height were treated as categorical. Because the
relationship between height and intellectual performance is not purely linear
(22), height was included with both linear and quadratic regression terms.

In Table 3, we applied the analytic strategy suggested by Lucas et al. (20)
using z scores and adjusting for later size to interpret the relative importance
of early and later body size; however, we emphasized the importance of birth
characteristics. R2 was used to quantify the variance in intellectual perfor-
mance. We used standard analysis of variance models for these analyses. We
excluded the quadratic height-term because this did not contribute to the R2

estimation. z Scores with values outside �4 SD were excluded.
For dichotomous outcomes (Table 4), crude odds ratios (ORs) were

calculated, and logistic regression analysis was used to adjust for potential
confounding. Interactions were evaluated in stratified analyses and with
specific interaction terms in the general linear or logistic models.

In all analyses, maternal age, parity, maternal education, and BMI were
treated as categorical (indicator) variables. SPSS software (version 11.0,
SPSS, Chicago, IL) was used for the statistical analyses.

The Regional Committee for Medical Research Ethics, the Norwegian
Board of Health, and the Norwegian Data Inspectorate approved the study.

RESULTS

In the study cohort, mean weight and length at birth was
3586 g (SD � 537) and 51.0 cm (SD � 2.2). Mean gestational
age was 39.9 wk (SD � 1.9) with 4.5% preterm, 80.3% term, and
15.2% postterm births. At conscription, mean height was 179.9
cm (SD � 6.5), and mean BMI was 22.3 kg/m2 (SD � 3.1).
Mean age was 18.7 y (SD � 0.7) with 95.3% aged 18–19 y.

Figure 1 presents the relationship between gestational age,
birth size, and mean intelligence test score. Mean score in-
creased with increasing gestational age from 28 wk (SD �
4.40) to 40–41 wk (SD � 5.27), but decreased thereafter for
the highest gestational ages (5.10 at 44 wk) (Fig. 1A). Figure
1B and C show the relationship between adult intellectual
performance and weight and length at birth, respectively,
stratified by gestational age. There was a positive association
for term births between adult intellectual performance and
birth weight (Fig. 1B), as well as birth length (Fig. 1C), but

with a tendency toward lower scores in the upper categories
(Fig. 1B and C). The scores for preterm births were higher
than for term births for birth weights �3000 g and birth
lengths �50 cm. For example, for birth weights 2000–2499 g,
mean score was 4.99 versus 4.84, respectively, for preterm
and term births (p � 0.0005). In general, the association
between birth size and intellectual performance was weaker
for preterm compared with term births.

Table 1 presents mean intelligence test scores at conscrip-
tion stratified by potential confounding factors. Maternal age,
maternal educational level, and year of birth were positively
associated with intellectual performance, whereas there was a
negative association with maternal parity and mother being
unmarried. There was an almost linear increase in intelligence
test score by increasing adult height within each level of
maternal education (Fig. 2A), whereas the association between
intellectual performance and BMI was curvilinear, with de-
clining scores at BMIs above the normal range (Fig. 2B).

Table 2 shows the associations of gestational age and birth
size with intelligence test score. The reference groups were
chosen based on the observed modes in Figure 1. Mean scores
consistently decreased by lower gestational ages in both un-
adjusted analyses and analyses adjusted for maternal age,

Table 1. Mean intelligence test scores with 95% CI among
317,761 drafted males by birth and maternal characteristics

Birth and maternal
characteristics n

Mean intelligence
test score (SD)* 95% CI

Maternal age, y‡
�20 23,464 4.77 (1.73) 4.75–4.79
20–24 112,895 5.09 (1.79) 5.08–5.10
25–29 106,358 5.36 (1.82) 5.35–5.37
30–34 50,455 5.37 (1.83) 5.35–5.39
�35 24,589 5.29 (1.84) 5.27–5.31
Total 317,761

Parity†
0 131,052 5.42 (1.81) 5.41–5.43
1 106,703 5.17 (1.78) 5.16–5.18
2 50,351 5.01 (1.81) 4.99–5.03
3 18,852 4.89 (1.83) 4.86–4.92
4� 10,803 4.67 (1.86)‡ 4.63–4.71
Total 317,761

Marital status‡
Unmarried 27,362 4.82 (1.77) 4.80–4.84
Married 290,399 5.25 (1.82) 5.24–5.26
Total 317,761

Maternal educational level‡
Low 82,881 4.47 (1.73) 4.46–4.48
Medium 203,161 5.34 (1.75) 5.33–5.35
High 31,719 6.36 (1.66) 6.34–6.38
Total 317,761

Year of birth‡
1967–1970 107,905 5.14 (1.83) 5.13–5.15
1971–1974 99,945 5.25 (1.85) 5.24–5.26
1975–1979 109,911 5.26 (1.76) 5.25–5.27
Total 317,761

Data from Medical Birth Registry of Norway, 1967–1979, linked with the
Norwegian Conscripts Service, 1984–1999, and Statistics Norway, 1967–
1998.

* Overall test for differences in mean intelligence test score between the
categories of the listed birth characteristics (analysis of variance).

† Number of previous births, including stillbirths.
‡ p � 0.001.
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parity, maternal educational level, adult height, and BMI. The
effects on intellectual performance were strong for all factors
in Table 2, both unadjusted and adjusted (p � 0.0005).
Analyses of the association between birth size and intellectual
performance were complicated by the strong interaction be-
tween birth weight or birth length and gestational age on
intellectual performance (p � 0.0005 for both, post hoc
analysis), as described above. Thus, to separate the effects of
growth retardation from immaturity, preterm births were ex-
cluded in analyses of the associations of birth weight and birth
length with intellectual performance. Consequently, in Table
2, the low birth weight or short length categories are most
likely growth-restricted babies. In crude analyses, intelligence
test score decreased by lower birth weights and shorter birth
lengths. To evaluate the contribution of later growth to this
association separately from that of social factors, we made two
sets of adjustments. First, adjustment for maternal age, parity,
and maternal educational level only slightly changed the

estimated intelligence test scores. Next, further adjustment for
adult height and BMI resulted in marked attenuation of the
associations. Additional adjustment for year of birth and
marital status did not change the results. The decline in scores
observed in Figure 1 for the highest categories of birth weight,
as well as gestational age, remained after adjustment.

There was no statistical evidence of interaction on intellec-
tual performance between birth weight and adult height or
birth length and adult height, either between birth size and
BMI or between birth size and maternal education (p � 0.05
for all).

Table 3 shows estimated regression coefficients (�) and the
proportions of variation (R2) in intellectual performance ex-
plained by birth size (z scores). Again, preterm births were
excluded due to the strong interactions between gestational
age and birth size (Fig. 2). In this context, � represents the
increase in intelligence by 1 SD increase in birth weight or
length. � values for birth weight and birth length were 0.107

Table 2. Mean intelligence test scores by gestational age, birth weight, and length

Birth characteristics n
Mean values (SE)

unadjusted
Mean values (SE)†

adjusted
Mean values (SE)‡

adjusted

Study cohort§ Gestational age (wk)
Intercept 5.26 (0.00) 5.53 (0.01) 5.60 (0.01)

26–29 409 �0.61 (0.09) �0.48 (0.09) �0.45 (0.08)
30–33 2593 �0.38 (0.04) �0.29 (0.03) �0.26 (0.03)
34–36 10,836 �0.17 (0.02) �0.11 (0.02) �0.10 (0.02)
37–38 37,484 �0.10 (0.01) �0.06 (0.01) �0.06 (0.01)
39–41 209,191 0 (Reference) 0 (Reference) 0 (Reference)
42–44 46,577 �0.06 (0.01) �0.05 (0.01) �0.05 (0.01)

Unclassified 10,671
Total 317,761

Gestational age �37 wk Birth weight (g)
Intercept 5.36 (0.01) 5.61 (0.01) 5.63 (0.01)

�1500 42 �1.08 (0.28) �0.88 (0.26) �0.67 (0.26)
1500–1999 366 �0.54 (0.10) �0.57 (0.09) �0.32 (0.09)
2000–2499 3038 �0.52 (0.03) �0.49 (0.03) �0.32 (0.03)
2500–2999 23,075 �0.35 (0.01) �0.33 (0.01) �0.19 (0.01)
3000–3499 88,342 �0.21 (0.01) �0.19 (0.01) �0.11 (0.01)
3500–3999 113,166 �0.07 (0.01) �0.07 (0.01) �0.03 (0.01)
4000–4499 52,484 0 (Reference) 0 (Reference) 0 (Reference)
4500–4999 10,934 �0.03 (0.02) �0.01 (0.02) �0.04 (0.02)

�5000 1527 �0.10 (0.05) �0.07 (0.04) �0.12 (0.04)
Unclassified 278
Total 293,252

Gestational age �37 wk Birth length (cm)
Intercept 5.39 (0.01) 5.63 (0.02) 5.61 (0.02)

�43 266 �0.78 (0.11) �0.75 (0.11) �0.40 (0.11)
44–45 1342 �0.61 (0.05) �0.54 (0.05) �0.27 (0.05)
46–47 8808 �0.46 (0.02) �0.40 (0.02) �0.17 (0.02)
48–49 42,362 �0.33 (0.01) �0.29 (0.01) �0.11 (0.01)
50–51 112,281 �0.18 (0.01) �0.15 (0.01) �0.04 (0.01)
52–53 90,738 �0.07 (0.01) �0.06 (0.01) �0.01 (0.01)
54–55 30,179 0 (Reference) 0 (Reference) 0 (Reference)

�56 4300 �0.03 (0.03) �0.04 (0.03) �0.08 (0.03)
Unclassified 2976
Total 293,252

Data from the Medical Birth Registry of Norway, 1967–1979, linked with the Norwegian Conscripts Service, 1984–1999, and Statistics Norway, 1967–1998
† Analyses of variance. Adjusted for the following categorized factors: maternal age (years): �20, 20–24, 25–29, 30–34, �35; maternal education (years):

�11, 11–14, �14; parity: 0, 1�. Reference groups: maternal age, 25–29 years; maternal education, 11–14 years; parity, 1�.
‡ Analyses of variance. Adjusted for maternal age, maternal education, and parity as above, plus (height-179.9) and (height-179.9)2 (covariates) and body mass

index (kg/m2) categorized as �18.5, 18.5–24.9 (reference), 25.0–29.9, 30.0–39.9, and �40.0. Mean height (179.9 cm) was subtracted to achieve comparable
constants.

§ Conscripts with complete data on birth characteristics, intelligence test score, and maternal educational level.
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(SE � 0.003) and 0.116 (SE � 0.003), respectively, but were
slightly reduced after inclusion of maternal education in the
model [0.086 (SE � 0.003) and 0.097 (SE � 0.003), respec-
tively]. However, after adding maternal age, parity, maternal
education, adult height, and BMI to the model, the � values
were strongly reduced [0.054 (SE � 0.003) and 0.041 (SE �
0.003), respectively]. Further adjustment with height as qua-
dratic term did not influence the regression coefficients. Un-
adjusted � for adult height (1 SD) was 0.208 (SE � 0.005) and
remained unchanged when either birth weight or birth length
were included in the model, but was reduced when further
considering maternal age, parity, and maternal educational
level (data not shown).

The overall R2 of intellectual performance explained by
either weight or length at birth was 0.003 or 0.004, respec-
tively (Table 3). Adding maternal age, parity, maternal edu-
cation, adult height, and BMI increased R2 to 0.120 for both.
Thus, 12% of the variance in intellectual performance was
explained by these factors in addition to birth size.

Table 4 shows the ORs for low intelligence test scores
associated with birth characteristics, with adjustment for ma-
ternal age, parity, maternal educational level, adult height, and
BMI. Compared with those born at 39–41 wk, infants born at
gestational ages 26–29, 30–33, and 34–36 wk, had an OR for
low score of 2.19 (95% CI: 1.77–2.70), 1.44 (95% CI: 1.31–

1.58), and 1.21 (95% CI: 1.15–1.27), respectively. In addition,
the OR was increased among postterm infants (OR � 1.09;
95% CI: 1.06–1.12). These ORs were similarly elevated after
adjustment. Table 4 also shows the ORs for low score asso-
ciated with z scores for birth weight (excluding preterm
births). The crude ORs ranged from 1.75 (95% CI: 1.53–2.02)
for z scores ��3.00 to 1.17 (95% CI: 1.14–1.20) for z scores
between �1.99 and �0.50. These ORs were reduced after
adjustment for maternal age, parity, and maternal educational
level but were still increased even after further adjustment for
current body size. Large infants (z score for birth weight
�3.00) had a slightly elevated risk of low score (1.22; 95%
CI: 1.00–1.48) when all factors were included in the model.
The results for z scores for birth length were essentially
similar to that observed for birth weight.

DISCUSSION

Birth weight, birth length, and gestational age are associ-
ated with intellectual performance, even after adjustment for
social factors and adult body size; however, the associations
are weak.

The strengths of this study are the large sample size, the
population-based design, and the high degree of follow-up; by
linking national registers, 94% of the birth cohort was traced
until age 18 y. However, infants born preterm or with low
birth weight were more likely lost to follow-up and not drafted
because the proportions of infant deaths and disability were
higher than among term and normal weight infants (21). Also
conscripts who had missing data on intellectual performance
had slightly lower birth weight (3559 g), birth length (50.9
cm), and gestational age (39.8 wk) compared with the study
cohort. Hence, a selection bias toward a healthy population
might be possible. This may affect the validity regarding
intellectual performance. For preterm and low birth weight
infants, not attending the draft board may be associated with
lower intellectual performance, implying that the observed
mean scores would be higher than the true values. Thus, if
data on those lost to follow-up had been available, the ob-
served associations probably would have been strengthened.
However, despite loss to follow-up, we observed low scores
for the lowest gestational age and birth size categories, as
expected according to previous studies using somewhat dif-
ferent types of data and design (6–11,13,19). Furthermore, our
data compare with other Scandinavian studies using military
draft data from practically the same time period and including
males only (6,7,19). Still, the restriction to male participants
may limit the external validity of our findings.

In our study, data on gestational age and birth length were
available, thereby providing a better measure of prenatal
growth than indicated by birth weight alone. Gestational age
in the Medical Birth Registry was based on self-reported
information about the last menstrual period because ultra-
sound dating was not recorded in this cohort of births. Al-
though infants with z scores for birth weight (or birth length)
by gestational age outside 4 SD were excluded in the linear
models (34), misclassification is still likely.

Table 3. Multivariate linear regression analysis with estimated
regression coefficients with SE and measure for explained variance

(R2) of birth size measures on intelligence test score among
289,252 drafted males born at gestational age �37 wk with

complete information on all variables

Factors*

Birth size

Regression
coefficients (�)

with SE R2

Birth weight 0.107 (0.003) 0.003
Birth weight � maternal education† 0.086 (0.003) 0.088
Birth weight � maternal education �

maternal age � parity
0.102 (0.003) 0.109

Birth weight � maternal education �
maternal age � parity � height �
BMI‡

0.057 (0.003) 0.120

Birth length 0.116 (0.003) 0.004
Birth length � maternal education 0.097 (0.003) 0.089
Birth length � maternal education �

maternal age � parity
0.101 (0.003) 0.109

Birth length � maternal education �
maternal age � parity � height �
BMI‡

0.041 (0.003) 0.120

Data from Medical Birth Registry of Norway 1967–1979, linked with the
Norwegian Conscripts Service 1984–1999, and Statistics Norway, 1967–
1998.

* Gestational age–specific z scores (SDs above or below the mean) for birth
weight and birth length (recorded in g and cm, respectively). z Scores for
height (recorded in cm) were calculated based on data from the study cohort.

† Maternal education categorized as �11, 11–14, �14 years. Reference
group: 11–14 years (medium level).

‡ Maternal age categorized as �20, 20–24, 25–29, 30–34, �35 years;
parity (number of previous births, including stillbirths) categorized as 0, 1�;
BMI �18.5, 18.5–24.9, 25.0–29.9, 30.0–39.9, �40.0 kg/m2. Reference
groups: maternal age, 25–29 years; parity, 1�; BMI, 18.5–24.9.
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The intelligence test used in our study correlates r � 0.73
with the Wechsler Adult Intelligence Scale, which is some-
what lower than in the study by Sørensen et al. (r � 0.8) (7).
Still, to assess intellectual ability and suitability for military
service, this standardized test has been considered appropriate

and applied unchanged as part of the draft board examination,
compulsory for every able young man in Norway since the
early 1950s.

More direct measures of maternal intelligence and socio-
economic status, important predictors of offspring’s intellec-

Table 4. ORs (95% CI) of intelligence test scores �3 among male conscripts by birth characteristics

Birth characteristics No. 1–9 No. �3 % �3
Unadjusted

OR (95% CI)
Adjusted*

OR (95% CI)
Adjusted†

OR (95% CI)

Study cohort‡ Gestational age, y
26–29 409 123 30.1 2.19 (1.77–2.70) 1.86 (1.49–2.31) 1.93 (1.55–2.41)
30–33 2593 573 22.1 1.44 (1.31–1.58) 1.24 (1.13–1.37) 1.31 (1.19–1.44)
34–36 10,836 2084 19.2 1.21 (1.15–1.27) 1.06 (1.01–1.12) 1.14 (1.08–1.20)
37–38 37,484 6849 18.3 1.14 (1.11–1.17) 1.02 (0.99–1.06) 1.10 (1.06–1.13)
39–41 209,191 34,382 16.4 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
42–44 46,577 8231 17.7 1.09 (1.06–1.12) 0.93 (0.90–0.95) 1.07 (1.05–1.10)

Unclassified 10,671
Total 317,761 52,242 17.0

Gestational age �37 wk z score§ for birth weight
��3.00 1056 266 25.2 1.75 (1.53–2.02) 1.67 (1.32–2.12) 1.46 (1.26–1.69)

�2.99, �2.00 7821 1777 22.7 1.53 (1.45–1.62) 1.43 (1.17–1.74) 1.32 (1.25–1.40)
�1.99, �0.50 96,451 17,690 18.3 1.17 (1.14–1.20) 1.09 (0.90–1.32) 1.09 (1.07–1.12)
�0.49, 0.50 113,662 18,306 16.1 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

0.51, 2.00 67,659 10,355 15.3 0.94 (0.92–0.97) 0.93 (0.77–1.13) 0.99 (0.96–1.01)
2.01, 3.00 5573 884 15.9 0.98 (0.91–1.06) 0.87 (0.72–1.06) 1.05 (0.97–1.13)

�3.00 752 134 17.8 1.13 (0.94–1.36) 0.88 (0.72–1.08) 1.22 (1.00–1.48)
Unclassified 278
Total 293,252 49,412 16.8

Gestational age �37 wk z score for birth length
��3.00 662 168 25.4 1.72 (1.44–2.05) 1.85 (1.40–2.45) 1.37 (1.14–1.65)

�2.99, �2.00 4430 1031 23.3 1.53 (1.43–1.65) 1.58 (1.26–1.99) 1.23 (1.14–1.33)
�1.99, �0.50 73,643 13,906 18.9 1.18 (1.15–1.21) 1.24 (1.00–1.53) 1.07 (1.04–1.10)
�0.49, 0.50 119,884 19,806 16.5 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

0.51, 2.00 82,771 12,649 15.3 0.91 (0.89–0.93) 1.06 (0.85–1.31) 0.99 (0.97–1.02)
2.01, 3.00 8261 1264 16.3 0.91 (0.86–0.97) 0.97 (0.78–1.20) 1.09 (1.02–1.16)

�3.00 647 104 16.1 0.97 (0.78–1.19) 0.97 (0.78–1.22) 1.18 (0.95–1.47)
Unclassified 2954
Total 293,252 48,928 16.7

Data from the Medical Birth Registry of Norway, 1967–1979, linked with the Norwegian Conscripts Service, 1984–1999, and Statistics Norway, 1967–1998.
* Adjusted for the following categorized factors: maternal age (years): �20, 20–24, 25–29, 30–34, �35; maternal education (years): �11, 11–14, �14; parity:

0, 1�. Reference groups: maternal age, 25–29 years; maternal education, 11–14 years; parity, 1�.
† Adjusted for maternal age, maternal education, and parity as above plus (height-179.9) and (height-179.9)2 (covariates) and body mass index (kg/m2)

categorized as �18.5, 18.5–24.9 (reference), 25.0–29.9, 30.0–39.9, and �40.0. Mean height (179.9 cm) was subtracted to achieve comparable constants.
‡ Conscripts with complete data on birth characteristics, intelligence test score, and maternal educational level.
§ Gestational age–specific z scores (SDs above or below the mean) for birth weight and birth length (recorded in g and cm, respectively).

Figure 1. Mean intelligence test score
with 95% CIs by gestational age (A), birth
weight (B), and birth length (C) stratified
by gestational age; 317,761 male infants,
Medical Birth Registry of Norway, 1967–
1979, linked with the Norwegian Con-
scripts Service, 1984 –1999. Term �
37–41 wk gestational age, preterm � �37
wk gestational age. , preterm; , term.
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tual outcomes (13,14), were unavailable. Although maternal
educational attainment is a strong proxy measure of intelli-
gence (2,4), residual confounding may still be present. Mater-
nal education also served as an indicator of socioeconomic
status, together with maternal age, marital status, and parity.
In general, education is found to be more strongly and con-
sistently associated with health and disease than is income or
occupation (36). Still, residual confounding by socioeconomic
status is likely. Unfortunately, neither data on postnatal fac-
tors, such as nutrition, psychological stimulation, childhood
illness, and lifestyle, nor data for evaluating the possible
influence of stress hormones or growth factors as suggested by
other researchers (9,10,18), were available in our registries.

The association of birth size with intellectual performance
was weak, as summarized in a recent review (18). Most
previous studies on the association between birth weight and
intellectual performance do not consider the contribution of
current size (7–9,11,14,16,17), whereas others have shown an
effect of later growth in terms of height (6,10,25). Some
studies did not control for maternal education (6–8,12,25) or
gestational age (9,10). Although it was weak, we observed a
prenatal influence on intellectual performance independent of
the contribution of social factors and adult size, consistent
with Richards et al. (10), but in contrast to Pearce et al. (25).
This may reflect biological processes occurring during fetal
growth that affect adult intelligence, as suggested by the fetal
programming hypothesis (37). Conversely, genetic or environ-
mental factors may affect prenatal growth as well as later
growth and intelligence, without going through the program-
ming pathway.

It has been suggested that postnatal growth has a greater
influence on intelligence than fetal growth (25). Also, Martyn
et al. (38) noted that prenatal growth seems to be less impor-
tant than genetic factors and environmental influences in
postnatal life in determining adult cognitive performance.
Lucas et al. (20) have suggested that adult size must be taken

into consideration when examining early life exposures and
outcomes in later life. However, there is some discussion
about whether adjusting for variables that may be on the
causal pathway is appropriate (39,40). We found that the
association between birth size and intellectual performance
was attenuated after adjustment for adult size, while the
influence of adult height on intellectual performance was
almost unchanged. Our interpretation is that adult height
dominated the effects of birth size, slightly more for birth
length than for birth weight. Neither adult weight nor BMI had
a similar attenuating effect. Birth size and adult height are
measures of growth that are strongly correlated (21). In con-
trast, birth size is less correlated with maternal education (8).
However, adjustment for current body size may be wrong. For
example, if fetal growth, including brain growth, is impaired
and insulin resistance is induced to prepare for shortage of
food, then adult obesity may be an epiphenomenon to the
association between birth weight and intellectual performance,
and adjusting for current body size may be misleading. In our
study, if adult height (and BMI) is on the causal pathway
between birth weight and intellectual performance, adjustment
for adult height may introduce a bias because adult height and
intellectual performance may have unmeasured common
causal factors (e.g. childhood nutrition). Such a bias may lead
to an underestimation of the association between birth size and
intellectual performance. Hence, the strong influence of adult
height on the association between birth size and intellectual
performance could be explained by overadjusting for factors
on the causal pathway. Conversely, these factors are strongly
linked to maternal education (Fig. 2); thus, adjusting for
maternal education will probably close this backdoor path and
the assumed bias will be reduced.

Only a small part of the variation in intellectual perfor-
mance was due to birth size (R2 � 0.3%–0.4%). Even the full
model (including birth size, adult size, and social factors)
explained only 12%, and most of the variation was explained
by maternal education (R2 � 8.4%). Similar results have been
reported in previous studies (8,14,24). Maternal education
appeared to be an important confounder when evaluating
prenatal influences on offspring’s intellectual performance,
possibly by inequalities in social conditions, as well as by the
influence of maternal genes.

Gestational age is relevant in the interpretation of birth
weight as an indicator of prenatal growth. Consistent with a
recent Swedish study (19), we observed an interaction be-
tween birth size and gestational age on intellectual perfor-
mance (Fig. 1). In our study, approximately 40% of the
preterm infants had a birth weight �2500 g compared with
1% of term infants. For infants with birth weight 2000–2499
g, those born preterm actually performed better than those
born at term. This result may seem surprising, but these births
represent a low birth weight in term births, but not in preterm
births. The study by Bergvall et al. (19) seems to provide
similar results, although they do not compare term and pre-
term births directly. It has been suggested that the importance
of birth weight on neurodevelopmental outcome is lower than
that of gestational age (19). The interpretation of our finding
may be that compared with term births, birth size in preterm

Figure 2. Mean intelligence test scores with 95% CIs among 317,761 drafted
males, by height (A) and BMI (B) at conscription, stratified by three levels of
maternal education. The Norwegian Conscripts Service (1984–1999) linked
with Statistics Norway (1967–1998). , �14y; , 11–14y; , �11y.
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infants is less predictive of the intellectual potential. In pre-
term infants, attained birth size may have been influenced by
complications in pregnancy leading to preterm birth, whereas
at term, small size is more likely to reflect growth retardation.

We found a decline in scores among postterm births, as
observed in the study by Record et al. (26). Also, there was a
slight decrease in intelligence test score at the highest birth
weights, as observed in two previous studies (7,8). These
results are a supplement to previous studies, but must be
interpreted carefully in clinical settings and cannot be applied
to the history of any one child.

Although these historical data do not allow us to speculate
on the biological pathways, our conclusion is that the positive
association between birth size and intellectual performance is
influenced by later growth, but still intellectual performance is
dominated by maternal education.
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