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Infants born small for gestational age (SGA) have an in-
creased risk of neurologic and intellectual dysfunction. Most of
these infants catch up in growth and attain normal height,
although some do not. Whether catch-up growth influences
intellectual function is not known. To analyze whether intellec-
tual and psychological performance of males in early adulthood
are associated with body size at birth or by catch-up growth in
height among boys, a population-based cohort was studied. This
cohort included all male singletons born without congenital
malformations in Sweden from 1973 to 1978 and alive at 18 y (n
5 276,033). Information from the Swedish Birth Register was
individually linked to the Swedish Conscript Register. Of
254,426 conscripted males, information on intellectual and psy-
chological performance was available for 97% and 91%, respec-
tively. Low birth weight, short birth length, small head circum-
ference at birth, and preterm birth increased the risk of subnormal

intellectual and psychological performance. Among SGA-born
males, the most important predictor was the absence of catch-up
growth. Being born SGA is associated with increased risk of
subnormal intellectual and psychological performance. The data
strongly support the view that, for males born SGA, it is an
advantage to have catch-up growth in length. (Pediatr Res 50:
91–96, 2001)

Abbreviations
CI, confidence interval
IP, intellectual performance
OR, odds ratio
PP, psychological performance
SDS, SD score(s)
SGA, small for gestational age

Several studies indicate that infants born SGA have a higher
risk of minimal neurologic dysfunction later in life, reduced
mental development potential, and increased risk of subnormal
intellectual and psychological performance compared with in-
fants born appropriate for gestational age (1–9). In these
studies, SGA was defined based on low birth weight for
gestational age.

Growth in children and height in adults are often used as
indicators of nutrition and well being (10–12). A positive
correlation between height and intelligence has generally been
reported (13, 14). In a study of young Danish men, intelligence
test scores were above the mean among tall men but below in
short men (15). We have recently demonstrated that apparently
healthy short young men had lower intellectual performance
compared with taller men, and that the mean intelligence test
score generally increased with height (16).

Infants born short for gestational age have an increased risk
of short adult stature (17–19). Data from Barker’s group
indicate that being small at birth is a threat to cardiovascular
health, especially if obese in adulthood. The question has
therefore been raised if catch-up growth in SGA children is a
risk rather than an advantage (20). Lack of linear catch-up
growth, however, could be a sign of severe growth restriction
and brain affections.

The aim of this study was to analyze whether body size at
birth among males is associated with subsequent IP and PP,
and whether catch-up growth in height in boys born SGA is
associated with IP or PP in early adulthood.

METHODS

The Swedish Birth Register, held by the National Board of
Health and Welfare, was started in 1973 and contains data on
.99% of all births in Sweden (21). The registry includes data
on maternal demographics, reproductive history, and compli-
cations during pregnancy, delivery, and the neonatal period.
All births and deaths are validated every year against another
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central population register, using the mothers’ and the infants’
unique personal identification numbers, assigned to each
Swedish resident at birth.

The Swedish Conscript Register includes information about
Swedish males conscripted for military service. Conscription is
mandatory and enforced by law. Most men are conscripted at
18–25 y of age. Those with known severe handicaps, congen-
ital malformations, or chronic diseases are not conscripted
(about 2.4% in each birth cohort).

The studied cohort. The Swedish Birth Register comprised
information on 312,159 liveborn male infants in the period
from 1973 to 1978. To increase the homogeneity of the study
population, we excluded multiple births, congenital malforma-
tions, and infants born to non-Nordic mothers. In all, we
included 279,435 males, of whom 3,402 died before 18 y of
age. The remaining 276,033 males constitute the study popu-
lation, of whom 21,607 (7.8%) were not conscripted between
January 1991 and January 1997. Of 254,426 conscripted males,
data on IP and PP were available in 248,051 (97%) and
230,988 (91%) males, respectively.

Information about birth weight, birth length, and head cir-
cumference was obtained from the Swedish Birth Register.
Gestational age was estimated from the date of the last men-
strual period and stratified into very preterm (#31 wk), mod-
erately preterm (32–36 wk), term (37–41 wk), and post-term
($42 wk) births. Birth weight and length were analyzed both
as continuous and categorical variables with similar results.

The results are presented using categorical variables to sim-
plify the presentation. Birth weight for gestational age was
divided into three categories: light for gestational age, defined
as .2 SDS below mean birth weight for gestational age;
appropriate weight for gestational age, defined as birth weight
between 22 and 12 SDS; and heavy for gestational age,
defined as birth weight .2 SDS above the mean. Birth length
for gestational age and head circumference were defined anal-
ogously (22). SGA was defined as less than 22 SDS in either
birth length or weight for gestational age, and divided into
three different subgroups: born short only, born light only, and
born both short and light for gestational age. The cutoff at 22
SDS is commonly used to define small size for gestational age.
Children shorter than 22 SDS are also those in whom inves-
tigation for growth hormone deficiency may be considered.
Linear catch-up growth was defined as being born SGA and
being above 22 SDS in height at conscription.

Dependent variables. At conscription, all the men undergo a
thorough health examination, including height and weight
measurements, and a number of tests. The information is
computerized and the personal identification number of each
subject ensures individual record linkage to other information
sources. General IP is measured by a time-limited test package
including four dimensions: logical/inductive, verbal, spatial,
and theoretical/technical. The test questionnaire contains 160
items, 40 from each dimension, and has been computerized
since 1994 (16). The direct interaction with computerized test

Table 1. Mean stanine score for IP and OR and 95% CI of subnormal performance related to birth characteristics*

No. Mean (SD)

OR (95% CI)

Crude Adjusted†

Birth length for gestational age
,22 SDS‡ 6,114 4.63 (1.92) 1.54 (1.48–1.60) 1.16 (1.08–1.24)
22 to ,12 SDS 231,750 5.11 (1.91) 1.00 1.00
.2 SDS 8,363 5.17 (1.91) 0.93 (0.88–0.99) 0.98 (0.92–1.05)
Missing 1,824 4.81 (1.95)

Birth weight for gestational age
,22 SDS‡ 6,440 4.59 (1.91) 1.62 (1.56–1.67) 1.32 (1.23–1.41)
22 to 12 SDS 233,531 5.11 (1.91) 1.00 1.00
.2 SDS 6,785 5.14 (1.93) 1.02 (0.96–1.08) 1.09 (1.01–1.17)
Missing 1,295 4.80 (1.95)

Head circumference
,22 SDS‡ 7,425 4.77 (1.95) 1.45 (1.40–1.50) 1.28 (1.21–1.36)
22 to 12 SDS 231,078 5.10 (1.91) 1.00 1.00
.2 SDS 6,113 5.28 (1.92) 0.85 (0.78–0.91) 0.83 (0.77–0.89)
Missing 3,435 4.91 (1.97)

Gestational age, weeks
#31 792 4.44 (1.89) 1.75 (1.60–1.90) 1.71 (1.42–2.06)
32–36 9,829 4.88 (1.94) 1.26 (1.21–1.31) 1.22 (1.16–1.29)
37–41 209,273 5.11 (1.91) 1.00 1.00
$42 27,075 5.06 (1.92) 1.04 (1.01–1.08) 1.03 (1–1.07)
Missing 1,082 4.79 (1.93)

Height at conscription
,22 SDS§ 4,700 4.38 (1.96) 2.05 (1.99–2.11) 1.88 (1.76–2.01)
22 to 12 SDS 234,294 5.11 (1.90) 1.00 1.00
.2 SDS 6,400 5.49 (1.88) 0.68 (0.61–0.75) 0.70 (0.65–0.75)
Missing 2,657 4.13 (2.14)

* Subnormal performance defined as stanine score 0–3.
† Adjusted for all other variables included in the table using logistic regression.
‡ 22 SDS corresponds to the following values at 40 completed weeks: birth length 47.0 cm, birth weight 2741 g, head circumference 32.2 cm.
§ 22 SDS corresponds to height of 166.0 cm at conscription.
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programs avoids the risk for observer bias to, for example,
short people. PP during mental stress is also evaluated. The
evaluation is performed using semistructured interviews by
specialized psychologists with the aim of measuring how the
conscript might be able to manage difficult situations during
stress. The results are acknowledged to reflect different aspects
of personality. The results on IP and PP are presented as
standard nine (stanine) scores (mean 5 5, SD 5 2). Subnormal
performance was defined as a score of #3 (i.e. less than 21
SD). The 10% scoring #2 in IP can be expected to have
difficulties in ordinary basic education programs, and the 20%
scoring #3 cannot be expected to be successful in higher
education.

Statistical methods. Analyses were performed using bivari-
ate and multiple logistic and linear regression analyses. OR are
presented with 95% CI within parentheses. The standard sta-
tistical package SPSS for Windows (version 10.0, SPSS, Chi-
cago, IL, U.S.A.) was used in the statistical calculations.

The study was approved by the Ethics Committee of the
Medical Faculty of Uppsala University.

RESULTS

In the analyzed cohort of conscripted young men, 0.3% were
born very preterm (#31 wk), and 4.0% were born moderately
preterm (32–36 wk). In all, 2.6% were born light for gesta-
tional age, and 2.5% were short for gestational age. In relation
to the reference population (22), there was a slightly increased
number of newborns above 12 SDS in birth length and weight
(3.4% and 2.7%, respectively).

Males born below 22 SDS in length for gestational age had
a lower mean IP score than those born above 22 SDS, and
similar patterns were seen when analyzing birth weight and
head circumference (Table 1). Males born preterm, especially
those born very preterm, had lower mean IP scores than those
born at term or post-term. Mean IP consistently increased with
height at conscription. Compared with those born with normal
birth characteristics, those born short, light, or with small head
circumference had increased risks of subnormal IP. The high-
est increased risk, though, was among those born very preterm
compared with those born term, and among those who were
short at conscription compared with those with a normal adult
height. In the multivariate analyses, these risks were slightly
attenuated, but remained significantly increased.

The correlation coefficient between the two outcome vari-
ables, IP and PP, was 0.36, and similar patterns as in IP were
seen in PP. Males born with birth length, birth weight, and
head circumference below 22 SDS had lower mean scores in
PP than males with normal birth characteristics. Moreover, as
in IP, mean PP increased with gestational age and adult stature.
In bivariate analyses, men born short, light, or with small head
circumferences were at increased risk of subnormal PP com-
pared with men with normal birth size. The risk of subnormal
PP was also increased among men born preterm compared with
men born at term, and among men who were short at conscrip-
tion compared with those with a normal adult stature (Table 2).
These risks remained significantly increased in the multivariate
analysis, even though they were slightly attenuated. When the
multivariate analyses were repeated after excluding adult stat-

Table 2. Mean stanine score for PP and OR and 95% CI of subnormal performance related to birth characteristics*

No. Mean (SD)

OR (95% CI)

Crude Adjusted†

Birth length for gestational age
,22 SDS 5,588 4.72 (1.77) 1.38 (1.31–1.45) 1.18 (1.10–1.26)
22 to 12 SDS 215,894 5.07 (1.78) 1.00 1.00
.2 SDS 7,792 5.11 (1.8) 1.01 (0.94–1.07) 1.04 (0.98–1.11)
Missing 1,714 4.83 (1.84)

Birth weight for gestational age
,22 SDS 5,890 4.73 (1.78) 1.34 (1.27–1.41) 1.17 (1.09–1.26)
22 to 12 SDS 217,531 5.07 (1.78) 1.00 1.00
.2 SDS 6,338 5.09 (1.80) 0.93 (0.86–1.01) 1.00 (0.93–1.07)
Missing 1,229 4.78 (1.86)

Head size
,22 SDS 6,873 4.86 (1.77) 1.22 (1.15–1.28) 1.11 (1.04–1.18)
22 to 12 SDS 215,203 5.07 (1.78) 1.00 1.00
.2 SDS 5,704 5.13 (1.78) 0.94 (0.87–1.02) 0.96 (0.90–1.03)
Missing 3,208 4.94 (1.80)

Gestational age, weeks
#31 725 4.58 (1.65) 1.53 (1.34–1.72) 1.42 (1.17–1.72)
32–36 9,091 4.92 (1.79) 1.21 (1.16–1.27) 1.19 (1.13–1.25)
37–41 195,003 5.08 (1.78) 1.00 1.00
$42 25,144 5.02 (1.80) 1.09 (1.05–1.12) 1.08 (1.04–1.11)
Missing 1,025 4.80 (1.86)

Height at conscription
,22 SDS 4,215 4.42 (1.75) 1.82 (1.74–1.90) 1.78 (1.66–1.90)
22 to 12 SDS 219,432 5.08 (1.77) 1.00 1.00
.2 SDS 6,036 5.36 (1.76) 0.76 (0.68–0.84) 0.76 (0.71–0.82)
Missing 1,305 2.07 (1.41)

* Subnormal performance defined as stanine score 0–3.
† Adjusted for all other variables included in the table using logistic regression.
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ure as an independent predictor, the association between birth
characteristics and low IP or PP remained essentially un-
changed (data not shown). We also repeated the analyses after
defining a subnormal IP and PP as scores #2 or #4, respec-
tively, with minor changes in results (data not shown).

In the evaluation of the effect of catch-up growth on IP and
PP, the analyses were restricted to the different subgroups of
males born SGA. The distributions of stanine scores for IP are
shown in Figure 1. Among men born SGA, low mean scores in
IP were consistently more common among those without
catch-up growth than those with catch-up growth.

The highest mean score among males born SGA in IP was
seen in the subgroup born short with a normal adult height, and
the lowest score was obtained in the group born both short and
light and still short at conscription (Table 3). Compared with
males born short having a normal adult height, the males in the

SGA groups who were short at conscription had an increased
risk of a subnormal score. Compared with males being only
short or only light at birth, the risk of subnormal IP was slightly
increased among males being both short and light at birth.

Catch-up growth was also associated with increased mean
score of PP during stress in all SGA subgroups. Men born short
and light, who also were short at conscription, had the overall
lowest result. Among men without catch-up growth, those born
short had a better psychological score than those born light. As
in the case of IP, there was an increased risk of subnormal PP
in males of all SGA subgroups if they were short at conscrip-
tion, compared with males born short and having had catch-up
growth (Table 3). The patterns of distribution of stanine scores
were similar to corresponding distributions for IP.

SGA boys born both short and light had not only lower IP
and PP scores than other SGA infants, but also lower mean
birth weight than SGA infants born light only, and a shorter
birth length than SGA infants born short only (Table 4). We
therefore investigated whether the differences in test results
between SGA groups were explained by differences in birth
weight and length. This question was investigated by introduc-
ing birth length, birth weight, and an interaction term, birth
weight 3 birth length, as predictors of IP and PP in the
multivariate regression models. Birth weight and length re-
mained significant predictors in the models, but the interaction
term was not statistically significant (p . 0.05). Rates of
subnormal IP/PP among those born short and light were con-
sistent with expected rates on those born short only and those
born light only (assuming a multiplicative model).

DISCUSSION

The results of this study show that males born SGA with
catch-up growth and thus obtaining normal height at conscrip-
tion performed better in IP and PP compared with SGA males
without catch-up growth. To our knowledge, there are no other
studies in which the relation between catch-up growth in height
and IP has been examined. In the present study, all SGA
subgroups with catch-up growth scored better than those with-
out, and the risk of subnormal performance was increased in
those without catch-up growth.

The present study was large enough to permit powerful
comparisons between different subgroups of SGA; each SGA
subgroup contained more than 3000 infants. Birth data were
collected prospectively, which precludes recall bias. The birth
cohort studied was relatively homogeneous, consisting of non-
malformed male singletons born to Nordic mothers. Of the
studied birth cohorts, 92% were conscripted. Test results on IP
and PP were available for the vast majority of the conscripts
(97% for IP and 91% for PP). As military tests are considered
military secrets, open information on validity and reliability of
these tests is scarce. However, we have no reason to believe
that possible misclassifications of the test results should differ
with regard to birth characteristics. Neither do we suspect
misclassifications in IP due to final height, as this test was
entirely computer based.

Information about maternal factors, such as age, parity,
smoking, socioeconomic status, and obstetrical and perinatal

Figure 1. Distribution of IP scores in males born short (A) or light (B) for
gestational age with adult height below or above 22 SDS.
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complications, was not included in analyses. SGA infants are at
higher risk of asphyxia, which has been considered important
as a predictor of cognitive deficits in previous studies (3, 5, 8,
23–27). Socioeconomic factors are known to influence final
height and morbidity. Studies in Poland have demonstrated
that, also within defined socioeconomic groups, those with tall
adult stature had higher educational levels than those with short
stature, suggesting that socioeconomic factors could not ex-
plain all of the associations (28, 29). Swedish society is rather
homogenous, and existing socioeconomic differences are rela-
tively small. Only males were included in the study, and as
boys are reported to be more vulnerable than girls to intrauter-
ine growth restriction, the interpretation of the findings should
be restricted to boys (30).

In the present study, infants born SGA were classified into
three subgroups—born short, born light, or born both short and
light—as suggested by Albertsson-Wikland (18). Symmetri-
cally (short and light) growth-restricted infants are considered
to have a growth disturbance during the first trimester, and
infants born asymmetrically growth restricted (light for gesta-
tional age) are considered to have a growth disturbance during
the third trimester. The last group is regarded as less severely
growth restricted and will more often have catch-up growth. It
is believed that brain and skeletal growth are not affected by
the restriction in infants born light (31, 32). Infants born only
short-for-gestational-age are a less studied group. It could be
hypothesized that these infants had a growth disturbance in the
middle of gestation and thus are less severely growth restricted
than those born short and light, but more severely growth
restricted than those born light only. In the present study, those

being born both short and light for gestational age (symmetric)
had the lowest mean score in both tests. Symmetrical SGA
infants (i.e. born both short and light), have often (8, 33), but
not always (3), demonstrated less favorable neurodevelopmen-
tal outcome than infants born asymmetric. However, in the
present investigation, SGA-born boys being both short and
light were actually shorter than males classified as born short
only, and lighter as a group than males born light only. The
question was therefore raised whether the boys born both short
and light constitute a specific subgroup, associated with in-
creased risks, or whether these infants should be looked upon
as just more severely growth restricted. When controlling for
birth weight, birth length, and adult stature in multivariate
analyses, males born both short and light were not associated
with a further increased risk of subnormal IP and PP. The
increased risk associated with being born both short and light
is thus, to our understanding, just an additional effect to the risk
of being short and the risk of being light.

A small head circumference was associated with an in-
creased risk of low intellectual performance and slightly in-
creased the risk of low PP in this study. A small head at birth
has earlier been reported to be associated with low IP (1, 26) or
minor neurologic dysfunction (5). A small head circumference
measured shortly after birth may be due to reduced growth
during pregnancy or due to compression during delivery. It is
not possible to separate the importance of these factors based
on our data.

There is ample literature showing increased neurodevelop-
mental risks in preterm infants, especially if they are SGA (3,
5, 27, 34). In the present study, preterm birth and SGA were

Table 3. Mean IP and PP for males born SGA in relation to birth characteristics and adult height. Adjusted OR and 95% CI of
subnormal IP and PP are also given

At birth

Adult height

.22 SDS #22 SDS

Mean (SD) OR (95% CI) Mean (SD) OR (95% CI)

IP
Short 4.80 (1.93) 1.00* 4.30 (1.92) 1.45 (1.21–1.70)
Light 4.71 (1.90) 1.11 (0.99–1.22) 4.15 (1.95) 1.89 (1.58–2.20)
Short and light 4.58 (1.89) 1.18 (1.06–1.30) 3.99 (1.88) 2.01 (1.79–2.23)

PP
Short 4.82 (1.79) 1.00* 4.48 (1.69) 1.30 (1.04–1.57)
Light 4.83 (1.79) 0.98 (0.85–1.10) 4.34 (1.68) 1.43 (1.07–1.79)
Short and light 4.72 (1.77) 1.11 (0.98–1.24) 4.19 (1.70) 1.74 (1.49–1.98)

* Reference group, males born short for gestational age with adult height above 22 SDS.

Table 4. Birth characteristics for subgroups of SGA males and non-SGA males

SGA

Not SGAShort* Light† Short and light

Birth length, cm 46.5 (1.9) 48.4 (1.5) 45.7 (1.9) 51.1 (2.1)
SDS 22.4 (0.4) 21.3 (0.5) 22.7 (0.6) 0.2 (1.0)

Birth weight, g 3002 (380) 2595 (251) 2425 (363) 3605 (501)
SDS 21.3 (0.6) 22.4 (0.3) 22.7 (0.6) 0.1 (0.9)

Head circumference, cm 33.8 (2.1) 33.1 (1.7) 32.5 (2.2) 35.0 (1.8)
SDS 20.9 (0.9) 21.3 (0.9) 21.7 (0.9) 0.0 (1.0)

Gestational age, weeks 40.6 (2.2) 40.3 (1.5) 40.2 (1.9) 40.2 (1.7)

Numbers given are mean (SD).
* Short for gestational age (,22 SDS).
† Light for gestational age (,22 SDS).
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independently associated with increased risk of subnormal
performance in both the intellectual and the psychological
tests.

Our data show that low birth weight for gestational age is
associated with an increased risk of subnormal intellectual
capacity in young adulthood. They are in accordance with most
(2, 3, 5, 7, 9, 23, 35), but not all (25, 36, 37), previous studies.
In contrast with previous studies, we also used birth length and
catch-up growth as predictors. Independent of weight, we
found that birth length is of importance for intellectual and
psychological capacity, and lack of catch-up growth was asso-
ciated with a substantially increased risk of subnormal perfor-
mance in both the intellectual and psychological tests.

In conclusion, being short and/or light for gestational age is
associated with increased risk of subnormal IP and PP. The
data strongly support the view that it is an advantage to have
catch-up growth in length for males born SGA.
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