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Objective To examine the association of specific Z-score categories of birth weight for gestational age with child
health and neurodevelopment using a large nationwide survey in Japan, focusing on term infants.
Study design We included 36 321 children born in 2010. Hospitalization up to 66 months of age was used as an
indicator of health status, and responses to questions about age-appropriate behaviors at 30 and 66months of age
were used to indicate neurobehavioral development. We conducted binomial log-linear regression analyses, con-
trolling for child and parental variables. A restricted cubic spline function was used to model the relationship.
Results Compared with children with birth weight appropriate for gestational age (�1.28 to 1.28 SDs of expected
birthweight for gestational age), childrenwhowere small for gestational age (SGA) (<�1.28SD) hadhigher risks of hos-
pitalization and unfavorable neurobehavioral development, and the risks increased as SGA status became more se-
vere.Comparedwith theappropriate for gestational agegroup, the adjusted risk ratios for hospitalization for all causes
were 2.5 (95%CI, 1.7-3.6), 1.3 (95%CI, 1.1-1.6), and 1.1 (95%CI, 1.0-1.2) for childrenwhowere severely,moderately,
andmildly SGAand 1.0 (95%CI, 0.9-1.1), 1.1 (95%CI, 0.9-1.2), and 1.4 (95%CI, 0.9-2.1) for childrenwhoweremildly,
moderately, and severely large for gestational age, respectively. Severely large for gestational age children also had
higher risks of unfavorable neurobehavioral development. These results were supported by spline analyses.
Conclusions Among term infants, the risks of unfavorable child health and neurodevelopment increased with the
severity of SGA. (J Pediatr 2020;226:135-41).
A
bnormal birth weight for gestational age is reported to be a risk factor for neonatal outcomes, child health, and child
neurodevelopment.1-3 For example, compared with children with birth weight appropriate for gestational age (AGA),
children who are small for gestational age (SGA), defined as a birth weight of less than the 10th percentile for gestational

age, have increased risks of unfavorable child health and neurodevelopmental delay.4-10 Most studies have dichotomized birth
weight and less is known about the impact of severity of birth weights that are small or large for gestational age on child health
and neurodevelopment.

Several studies have examined the association between child health and neurodevelopment and the magnitude of deviation
from the mean in birth weight for gestational age. For example, a population-based cohort study in Sweden examined the as-
sociation between birth weight Z-scores and asthma and showed that the incidence of asthma treatment increased with
increasing severity of SGA.11 In addition, 2 population-based studies showed that the risk of cognitive impairment during
adolescence increased with increasing severity of SGA.12,13 These previous studies also noted several adverse effects of birth
weights that were large for gestational age (LGA). However, few studies have examined the association between specific birth
weight Z-score categories and the risk of hospitalization and behavioral development among children born full term.

In the present study, we examined the association of specific birth weight Z-score categories with child health and behavioral

development using a large nationwide survey in Japan, focusing on term infants.
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when the infants born during the study period were 6 months
old. Of the 43 767 questionnaires mailed, 38 554 were
completed and returned (88.1% response rate). Follow-up
questionnaires were sent to all participants who initially re-
sponded each year (at 18, 30, 42, 54, and 66 months). The
sixth survey was completed in 2015. Birth record data from
the Vital Statistics system such as birth weight, gestational
age, singleton or multiple birth, sex, parity, and parental
age at delivery were also obtained for each child included
in this survey.

Children were excluded if they did not have information
on birth weight (n = 7) or gestational age (n = 3). In the pre-
sent study, we focused on term infants and thus excluded
children born before 37 weeks of gestation (n = 2096) and af-
ter 42 weeks of gestation (n = 127), resulting in inclusion of
36 321 children in the analysis. Follow-up rates were 83.2% at
1.5 years of age and 68.9% at 5.5 years of age (Figure 1;
available at www.jpeds.com). Although follow-up rates
were not largely different between birth weight categories,
severely SGA and severely LGA tended to be lost to follow-up.

To express the magnitude of differences in birth weight for
gestational age, we used the SD of birth weight for gestational
age from theCommittee forNewbornsof the Japanese Pediatric
Society to classify the participants.18 Using conventional medi-
cal terms, participants were categorized as follows (from lighter
to heavier): severely SGA (<�3.0 SD of expected birth weight
for gestational age);moderately SGA (�3.0 to�2.0 SD);mildly
SGA (�2.0 to�1.28 SD); AGA (�1.28 to 1.28 SD reflecting the
10th-90thpercentiles);mildlyLGA(1.28 to 2.0 SD);moderately
LGA (2.0 to <3.0 SD); and severely LGA (³3.0 SD).

Child Health and Behavioral Development
Outcomes
To examine the impact of the magnitude of differences in
birth weight for gestational age on long-term morbidity, we
used overnight hospitalizations in early childhood (up to
66 months of age) as an indicator of health status. The survey
obtained information on whether the child had been hospi-
talized during the previous 12 months for any reason and
asked respondents to provide further details if the hospitali-
zation resulted from one of several common diseases. The
same question was asked in each survey from age 18 to
66 months. In this study, we focused on hospitalizations
that occurred during early childhood before enrolling in
elementary school (ie, 7-66 months of age). We targeted hos-
pitalizations resulting from all causes, as well as those specif-
ically caused by respiratory infection or gastrointestinal
infection because these are the most common causes of hos-
pitalization during early childhood.

The survey queried behavioral development at 30 and
66 months of age. We assessed the impact of birth weight cat-
egories on neurodevelopment status using behavioral devel-
opment at both of these ages. In the survey, the parents were
asked to provide a “yes” or “no” response according to
whether children had reached various age-appropriate mo-
tor, language, and behavioral milestones. The questions
used have not been officially validated or taken from an es-
136
tablished scale, but they have been used in previous studies
to assess risk factors for unfavorable development.8,14,15,19-22

Statistical Analyses
We first conducted a descriptive analysis of children catego-
rized by birth weight: less than�3 SD of expected birth weight
for gestational age; �3 to �2 SD; �2 to �1.28 SD; �1.28 to
1.28 SD (10th-90th percentiles); +1.28 to +2 SD; +2 to less
than +3 SD; and +3 SD or greater.We then conducted a bino-
mial log-linear regression analysis to evaluate the relationship
of the birth weight categories defined above with overnight
hospitalizations from 7 to 66 months of age and behavioral
development at 30 and 66 months of age. When overnight
hospitalizations were used as an outcome, generalized esti-
mating equation analysis was conducted to account for the
longitudinal nature of the surveys. We estimated the risk ratio
and 95% CI for the main outcomes using the AGA category
(ie, �1.28 to 1.28 SD, 10th-90th percentiles for gestational
age) as a reference and adjusted for child and parental factors.
We selected the potential confounders based on previous

studies (Table I).8,19-21 Data regarding infant sex, singleton
or multiple birth, parity, and maternal age at delivery were
obtained from the birth record. Maternal smoking status
was ascertained from the first survey (at infant age of
6 months). Parental educational level was obtained from
the second survey (at child age of 18 months). We
classified the educational level into three categories as
follows: high school or less, junior college (2 years) or
vocational school, and university (4 years) or higher.
To evaluate the shape of the association of birth weight for

gestational age with the risk of overnight hospitalizations and
unfavorable behavioral development, we conducted a
restricted cubic spline analysis with 4 knots for SD of birth
weight for gestational age and predicted the association. In
this analysis, we used the crude value of the SD rather than
the categories defined elsewhere in this article.
In the sensitivity analyses, we excluded children who had

visited clinics or hospitals for congenital disease at 7-
18 months of age to remove possible selection bias, because
children with congenital disease might have been born SGA
or LGA. Because the questionnaire at 18 months of age
queried whether the child had visited clinics or hospitals
for any congenital disease and the definition of the congenital
disease was not specific, we did not adjust for the congenital
disease in the primary analyses.
Stata SE version 15 statistical software (StataCorp, College

Station, Texas) was used for all analyses. This study was
approved by the Okayama University Graduate School of
Medicine, Dentistry and Pharmaceutical Sciences Institu-
tional Review Board (No. 1506-073).
Results

The baseline characteristics of the eligible children and their
parents are shown in Table I. Compared with AGA or LGA
children, SGA children were more likely to be born from a
Tamai et al
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Table I. Demographic characteristics of eligible children, separated by birth weight category (n = 36 321)

Characteristics

Birth weight category

<�3 SD
(n = 59)

�3 to �2 SD
(n = 572)

�2 to �1.28 SD
(n = 2241)

�1.28 to 1.28 SD
(n = 29 725)

+1.28 to +2 SD
(n = 2748)

+2 to < +3 SD
(n = 878)

‡+3 SD
(n = 98)

Characteristics of children
Sex, n (%)*

Boys 32 (54.2) 294 (51.4) 1094 (48.8) 15 192 (51.1) 1407 (51.2) 484 (55.1) 59 (60.2)
Girls 27 (45.8) 278 (48.6) 1147 (51.2) 14 533 (48.9) 1341 (48.8) 394 (44.9) 39 (39.8)

Singleton birth or not, n (%)*
Singleton birth 55 (93.2) 538 (94.1) 2175 (97.1) 29 500 (99.2) 2745 (99.9) 878 (100) 98 (100)
Multiple birth 4 (6.8) 34 (5.9) 66 (3) 225 (0.8) 3 (0.1) 0 (0) 0 (0)

Parity, n (%)*
0 28 (47.5) 252 (44.1) 1035 (46.2) 13 875 (46.7) 1383 (50.3) 446 (50.8) 49 (50)
³1 31 (52.5) 320 (55.9) 1206 (53.8) 15 850 (53.3) 1365 (49.7) 432 (49.2) 49 (50)

Mean birthweight, g (SD)* 1993 (197.5) 2276.2 (197.2) 2527.5 (179.3) 3031.5 (276.4) 3580.8 (196.8) 3856.7 (207.2) 4257.1 (280.9)
Parental characteristics
Mean maternal age at

delivery, years (SD)*
33 (5.5) 31.6 (4.9) 31.5 (4.8) 31.4 (4.9) 31.4 (4.9) 31.8 (5.1) 32.1 (5.1)

Maternal smoking status, n (%)†

Nonsmoker 53 (89.8) 491 (85.8) 2019 (90.4) 27 634 (93.2) 2594 (94.5) 831 (95) 89 (90.8)
Smoker 6 (10.2) 81 (14.2) 215 (9.6) 2002 (6.8) 150 (5.5) 44 (5) 9 (9.2)

Maternal educational
attainment, n (%)‡

University or higher 10 (19.6) 116 (23.7) 505 (26.3) 6866 (26.7) 637 (26.8) 187 (24.9) 13 (17.6)
Junior college 23 (45.1) 209 (42.7) 770 (40) 10 591 (41.1) 946 (39.8) 333 (44.3) 36 (48.7)
Less than high school 18 (35.3) 165 (33.7) 649 (33.7) 8285 (32.2) 794 (33.4) 232 (30.9) 25 (33.8)

Paternal educational
attainment, n (%)‡

University or higher 16 (33.3) 209 (43.4) 823 (43.6) 11 144 (44) 1074 (45.8) 337 (45.4) 27 (38)
Junior college 10 (20.8) 91 (18.9) 370 (19.6) 4663 (18.4) 404 (17.2) 130 (17.5) 14 (19.7)
Less than high school 22 (45.8) 182 (37.8) 693 (36.7) 9502 (37.5) 866 (37) 275 (37.1) 30 (42.3)

There were 103 cases missing for maternal smoking, 4911 cases missing for maternal educational attainment, and 5439 cases missing for paternal educational attainment.
*Obtained from the birth record.
†Obtained from the first survey (at the age of 6 months).
‡Obtained from the second survey (at the age of 18 months).
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multiple gestation, have a lower mean birth weight, and have
smoking mothers.

The number of participants who were hospitalized in each
category and the relative risks for birth weight categories and
hospitalization are shown in Table II (available at www.
jpeds.com). Compared with the AGA group (�1.28 to
+1.28 SD), children born severely, moderately, and mildly
SGA had higher risks of hospitalization. Although the CI
was wide, children born severely LGA also had slightly
higher risks of hospitalization (risk ratio, 1.4; 95% CI, 0.9-
2.1). Elevated risks for children born SGA were also
observed for hospitalizations for respiratory and
gastrointestinal infections. The restricted cubic spline
analysis for overnight hospitalizations supported these
findings (Figure 2). Although U-shaped associations were
observed for hospitalization because of all causes and
respiratory infection in the restricted cubic spline analysis,
the association seemed to be linear for hospitalizations
because of gastrointestinal infection.

Table III (available at www.jpeds.com) shows the
association between birth weight category and behavioral
outcomes at 2.5 years. Children born severely, moderately,
and mildly SGA and children born severely LGA had
higher risks of unfavorable behavioral development. For
example, children born severely, moderately, and mildly
SGA and children born severely LGA were more likely to
Associations of Birth Weight for Gestational Age with Child H
A Nationwide Japanese Population-Based Study
be unable to say meaningful words than children with
AGA. However, children born mildly LGA tended to have
favorable development compared with children born AGA,
with, for example, a risk ratio of 0.4 (95% CI, 0.2-0.9) of
being unable to say meaningful words. The restricted cubic
spline analysis for behavioral development outcomes at
2.5 years of age supported the findings (Figure 3). Children
with a birth weight Z-score of +1 SD seemed to have the
most favorable behavioral outcomes at 2.5 years old of
being unable to run, unable to say meaningful words, and
unable to say his or her own name.
The results for neurodevelopment at 5.5 years of age are

shown in Table IV (available at www.jpeds.com). Although
the tendency of favorable neurodevelopment among
children born mildly LGA was not observed at this age,
children born SGA and children born severely LGA still
had higher risks of unfavorable behavioral development,
and the risks increased as the SGA status became more
severe. The restricted cubic spline analysis for behavioral
development outcomes at 5.5 years of age supported the
findings (Figure 4).
When 560 children with congenital disease were excluded

in the sensitivity analyses, the main findings for children born
SGA did not change substantially (Tables V, VI, and VII;
available at www.jpeds.com). However, the risks of severe
LGA status disappeared in hospitalization (Table V) and
ealth and Neurodevelopment among Term Infants: 137

http://www.jpeds.com
http://www.jpeds.com
http://www.jpeds.com
http://www.jpeds.com
http://www.jpeds.com


Figure 2. Adjusted risk ratios and 95% CIs for the associations between SD scores of birth weight for gestational age and hos-
pitalizations from 6 to 66 months of age for, A, all causes, B, respiratory infection, and C, gastrointestinal infection.
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were found only in some of the behavioral development
outcomes assessed (Table VI and Table VII) in the
sensitivity analysis.

Discussion

The purpose of the present study was to examine the associ-
ation of detailed birth weight Z-score categories with child
health and behavioral development using a large nationwide
survey in Japan, with a focus on term births. Compared with
children with AGA birth weights, children born SGA had
higher risks of hospitalization and unfavorable behavioral
development, and the risks increased as SGA status became
more severe. Children born LGA also had higher risks of un-
favorable neurobehavioral development. The association of
birth weight Z-score with unfavorable behavioral develop-
ment was U-shaped, with AGA andmildly LGA children hav-
ing the lowest risk. The spline analyses supported the
findings.

A cohort study in Sweden showed that the risk of asthma at
2-9 years of age increased as SGA or LGA status becamemore
138
severe among children born from 39 to 41 gestational
weeks.11 Other studies have demonstrated that the risks of
learning difficulties, attention problems, unfavorable school
performance, decreased intellectual performance, or atten-
tion deficit hyperactivity disorder increased as SGA or LGA
status became more severe.12,13,23,24 Consistent with these
previous studies, and supplementing them with detailed cat-
egories of birth weight Z-scores, we observed several negative
impacts of the magnitude of differences in birth weight for
gestational age on child health and behavioral outcomes in
term children. Moreover, children born severely SGA had
the highest risks of negative impacts on these outcomes
compared with other groups; thus, clinicians need to pay
further attention to children born severely SGA, even among
term infants.
The spline analyses further supported our findings

regarding hospitalization, but the association differed for
specific causes of hospitalization; that is, although U-shaped
associations were observed for hospitalization for all causes
and respiratory infection, the association seemed to be linear
for hospitalization because of gastrointestinal infection. This
Tamai et al



Figure 3. Adjusted risk ratios and 95%CIs for the associations between SD scores of birth weight for gestational age and behavioral
developmentoutcomesat2.5yearsoldofbeing,A,unable towalk,B,unable to run,C,unable toclimbstairs,D,unable tosaymeaning-
ful words, E, unable to compose a 2-phrase sentence, F, unable to say his or her own name, and G, unable to use a spoon to eat.

Figure 4. Adjusted risk ratios and 95%CIs for the associations between SD scores of birthweight for gestational age and behav-
ioral development outcomes at 5.5 years old of being, A, unable to listen carefully, B, unable to focus on one task, C, unable to
remain patient, D, unable to express emotions, E, unable to participate in a group, and F, unable to keep promises.
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observation is consistent with previous studies that demon-
strated that infants born SGA and LGA had a higher risk of
neonatal respiratory morbidity, which could be related to
morbidity during early childhood.3,25-27 In contrast, only
SGA children were reported to have a higher risk of hospital-
ization for gastrointestinal infection during childhood than
children born AGA,7 and no study has demonstrated an asso-
ciation between children born LGA and gastrointestinal
infection.

In the present study, although children born mildly LGA
had favorable neurodevelopmental outcomes at 2.5 years of
age, children born severely LGA had higher risks of hospital-
ization and unfavorable behavioral development. Previous
findings in term infants on the association of LGA status,
defined as a birth weight of greater than the 90th percentile
for gestational age, with child health and neurodevelopmen-
tal delay are inconsistent.28-31 For example, a population-
based cohort study in Australia demonstrated that, although
infants born LGA suffered greater complications at birth,
such as respiratory distress, cerebral hemorrhage, the need
for mechanical ventilation, the need for blood transfusion,
brachial plexus palsy, and other birth trauma, these compli-
cations did not persist into later life, and children born LGA
showed better school performance than AGA children.31

However, the present findings suggest that clinicians need
to follow-up with children born SGA and severely LGA.

The present study has some strengths. The large sample
size allowed us to estimate the impact of specific birth weight
Z-score categories on child health and neurodevelopment.
Moreover, the validity of our findings was reinforced by a
very high response rate at baseline.

Some limitations of this study should be acknowledged.
The questions used to assess behavioral outcomes were
not externally validated. However, as noted, the questions
were used in previous studies, and unfavorable outcomes
have been associated with gestational age, SGA status, or
breastfeeding in an anticipated manner.8,19-21 Even if mis-
classifications occurred, they would have a nondifferential
effect of shifting estimates toward the null condition.
Moreover, there was loss to follow-up and children
born severely SGA and severely LGA tended to be lost
(Figure 1), which may have underestimated the adverse
effects of several SGA or LGA. Finally, because we could
not adjust for congenital disease in the main analysis,
we conducted the sensitivity analyses excluding those
with congenital disease.

In conclusion, we found that the risks of unfavorable child
health and neurodevelopmental delay increased with the
severity of SGA status. Moreover, the association of birth
weight for gestational age with neurodevelopmental delay
was U-shaped, with children born AGA and mildly LGA hav-
ing the lowest risk. n
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Figure 1. Study participant flow chart.
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Table II. Adjusted* RRs for associations between birth weight category and all-cause and cause-specific admission
from 6 to 66 months of age

Associations

Birth weight category

<�3 SD �3 to �2 SD �2 to �1.28 SD �1.28 to 1.28 SD +1.28 to +2 SD +2 to < +3 SD ‡+3 SD

All-cause admission 39/226 189/2177 587/8323 7193/111 619 629/10 255 215/3262 32/340
RR (95% CI)* 2.5 (1.7-3.6) 1.3 (1.1-1.6) 1.1 (1-1.2) 1 (ref.) 1 (0.9-1.1) 1.1 (0.9-1.2) 1.4 (0.9-2.1)

Respiratory infection admission 16/226 68/2177 213/8323 2739/111 619 253/10 255 88/3262 9/340
RR (95% CI)* 2.6 (1.4-4.7) 1.3 (1-1.7) 1.1 (0.9-1.3) 1 (ref.) 1 (0.9-1.2) 1.1 (0.9-1.4) 1 (0.4-2.2)

Gastrointestinal infection admission 5/226 20/2177 65/8323 857/111 619 72/10 255 16/3262 4/340
RR (95% CI)* 3.1 (1.2-8) 1.3 (0.8-2) 1 (0.8-1.4) 1 (ref.) 0.9 (0.7-1.2) 0.6 (0.4-1.1) 0.8 (0.2-3.8)

RR, risk ratio.
Data are presented as the raw numbers and adjusted RR (95% CI).
*Adjusted for child factors (sex, singleton, and parity) as well as parental factors (maternal age at delivery, maternal smoking status, maternal educational attainment, and paternal educational
attainment).

Table III. Adjusted* RRs for associations between birth weight category and behavioral developments at age of 2.5

Associations

Birth weight category

<�3 SD �3 to �2 SD �2 to �1.28 SD �1.28 to 1.28 SD +1.28 to +2 SD +2 to < +3 SD ‡+3 SD

Age of 2.5 years
Unable to walk 2/51 3/487 11/1862 54/25 019 2/2302 3/732 1/72

RR (95% CI)* 18.5 (4.5-75.7) 2.2 (0.5-8.9) 2.9 (1.4-5.7) 1 (ref.) 0.5 (0.1-1.9) 2.1 (0.7-6.8) 7.1 (1.0-50.9)
Unable to run 3/51 8/487 19/1865 110/25 015 5/2302 2/733 1/72

RR (95% CI)* 14.6 (4.8-44.7) 3.2 (1.4-7.3) 2.5 (1.5-4.1) 1 (ref.) 0.5 (0.2-1.3) 0.7 (0.2-2.8) 3.6 (0.5-25.6)
Unable to climb stairs 2/51 17/487 48/1865 452/25 008 31/2302 14/733 1/72

RR (95% CI)* 2.2 (0.6-8.7) 1.7 (1.0-2.8) 1.5 (1.1-2.0) 1 (ref.) 0.7 (0.5-1.1) 1.1 (0.7-1.9) 0.9 (0.1-6.0)
Unable to say meaningful words 4/51 6/487 21/1863 152/25 017 6/2302 4/734 4/72

RR (95% CI)* 12.2 (4.7-31.5) 2.3 (1.0-5.2) 1.8 (1.1-3.0) 1 (ref.) 0.4 (0.2-0.9) 0.9 (0.3-2.5) 10 (3.8-26)
Unable to compose a 2-phrase

sentence
7/51 20/487 87/1863 973/25 011 97/2301 27/733 9/72

RR (95% CI)* 2.7 (1.3-5.6) 0.9 (0.6-1.5) 1.2 (1.0-1.5) 1 (ref.) 1.1 (0.9-1.4) 0.9 (0.6-1.3) 3.5 (1.9-6.3)
Unable to say his or her own name 17/51 69/486 224/1863 2711/24 972 232/2297 67/733 14/72

RR (95% CI)* 2.6 (1.7-3.8) 1.3 (1.0-1.6) 1.1 (1.0-1.3) 1 (ref.) 0.9 (0.8-1.1) 0.8 (0.6-1) 1.9 (1.2-3)
Unable to use a spoon to eat 4/51 11/486 30/1862 315/25 015 25/2301 8/733 4/72

RR (95% CI)* 4.4 (1.5-13.2) 1.5 (0.7-3) 1.3 (0.9-2) 1 (ref.) 0.9 (0.6-1.3) 0.9 (0.4-1.7) 4.8 (1.9-12.3)

Data are presented as the raw numbers and adjusted RR (95% CI).
*Adjusted for child factors (sex, singleton, and parity) as well as parental factors (maternal age at delivery, maternal smoking status, maternal educational attainment, and paternal educational
attainment).
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Table IV. Adjusted* RRs for associations between birth weight category and behavioral developments at age of 5.5

Associations

Birth weight category

<�3 SD �3 to �2 SD �2 to �1.28 SD �1.28 to 1.28 SD +1.28 to +2 SD +2 to < +3 SD ‡+3 SD

Age of 5.5 years
Unable to listen carefully 7/41 40/419 146/1600 1476/21 357 142/1956 37/617 4/67

RR (95% CI)* 2.5 (1.3-4.8) 1.4 (1.0-1.9) 1.3 (1.1-1.6) 1 (ref.) 1.1 (0.9-1.3) 0.9 (0.6-1.2) 0.7 (0.2-2.1)
Unable to focus on one task 2/41 19/420 68/1602 738/21 361 70/1958 17/619 0/67

RR (95% CI)* 1.4 (0.4-5.5) 1.3 (0.8-2) 1.2 (0.9-1.5) 1 (ref.) 1 (0.8-1.3) 0.8 (0.5-1.3) NE
Unable to remain patient 9/41 58/420 185/1600 2160/21 341 187/1957 71/617 4/67

RR (95% CI)* 2.1 (1.2-3.7) 1.3 (1.0-1.7) 1.1 (1.0-1.3) 1 (ref.) 1 (0.8-1.1) 1.1 (0.9-1.4) 0.6 (0.2-1.6)
Unable to express emotions 9/40 45/419 128/1602 1457/21 334 136/1955 44/617 7/67

RR (95% CI)* 2.8 (1.5-5.2) 1.6 (1.2-2.1) 1.2 (1.0-1.4) 1 (ref.) 1 (0.8-1.2) 1 (0.8-1.4) 1.6 (0.8-3.3)
Unable to act in group 7/41 16/419 48/1601 463/21 355 40/1958 17/616 3/67

RR (95% CI)* 6.6 (3.2-13.5) 1.8 (1.1-3.0) 1.3 (1.0-1.8) 1 (ref.) 0.9 (0.7-1.3) 1.2 (0.7-2.0) 2.1 (0.7-6.4)
Unable to keep promises 10/41 41/419 156/1600 1584/21 332 142/1957 40/618 8/67

RR (95% CI)* 3 (1.7-5.2) 1.3 (0.9-1.8) 1.3 (1.1-1.5) 1 (ref.) 1 (0.8-1.1) 0.9 (0.7-1.2) 1.7 (0.9-3.2)

NE, not estimable.
Data are presented as the raw numbers and adjusted RR (95% CI).
*Adjusted for child factors (sex, singleton, and parity) as well as parental factors (maternal age at delivery, maternal smoking status, maternal educational attainment, and paternal educational
attainment).

Table V. Adjusted* RRs for associations between birth weight category and all-cause and cause-specific admission
from 6 to 66 months of age excluding children with congenital disease

Associations

Birth weight category

<�3 SD �3 to �2 SD �2 to �1.28 SD �1.28 to 1.28 SD +1.28 to +2 SD +2 to < +3 SD ‡+3 SD

All-cause admission 35/213 154/1997 511/7671 6435/103 624 573/9579 194/3035 20/284
RR (95% CI)* 2.4 (1.7-3.6) 1.2 (1.0-1.5) 1.1 (1.0-1.2) 1 (ref.) 1 (0.9-1.1) 1.1 (0.9-1.2) 1.1 (0.6-1.8)

Respiratory infection admission 13/213 59/1997 190/7671 2520/103 624 235/9579 84/3035 5/284
RR (95% CI)* 2.2 (1.1-4.2) 1.2 (0.9-1.6) 1 (0.9-1.2) 1 (ref.) 1 (0.9-1.2) 1.2 (0.9-1.5) 0.5 (0.1-1.6)

Gastrointestinal infection admission 5/213 15/1997 58/7671 783/103 624 64/9579 15/3035 2/284
RR (95% CI)* 3.3 (1.3-8.6) 1 (0.6-1.7) 1 (0.7-1.3) 1 (ref.) 0.9 (0.7-1.2) 0.7 (0.4-1.2) 1 (0.2-4.3)

Data are presented as the raw numbers and adjusted RR (95% CI).
*Adjusted for child factors (sex, singleton, and parity) as well as parental factors (maternal age at delivery, maternal smoking status, maternal educational attainment, and paternal educational
attainment).
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Table VI. Adjusted* RRs for associations between birth weight category and behavioral developments at age of 2.5
years excluding children with congenital disease

Associations

Birth weight category

<�3 SD �3 to �2 SD �2 to �1.28 SD �1.28 to 1.28 SD +1.28 to +2 SD +2 to < +3 SD ‡+3 SD

Age of 2.5 years
Unable to walk 2/47 1/433 6/1644 27/22 327 0/2069 2/652 0/55

RR (95% CI)* 34.6 (8.0-149.6) 2 (0.3-14.9) 3.3 (1.4-8.1) 1 (ref.) NE 2.8 (0.7-11.7) NE
Unable to run 3/47 4/433 12/1646 56/22 324 2/2069 1/653 0/55

RR (95% CI)* 25.4 (8.1-79.3) 3.8 (1.4-10.5) 3.1 (1.6-5.7) 1 (ref.) 0.4 (0.1-1.6) 0.6 (0.1-4.5) NE
Unable to climb stairs 2/47 10/433 38/1646 358/22 317 23/2069 12/653 0/55

RR (95% CI)* 2.7 (0.7-10.4) 1.5 (0.8-2.8) 1.5 (1.1-2.0) 1 (ref.) 0.7 (0.5-1.1) 1.1 (0.6-2.0) NE
Unable to say meaningful words 3/47 4/433 13/1644 109/22 324 4/2069 4/653 1/55

RR (95% CI)* 11.2 (3.7-33.6) 1.9 (0.7-5.1) 1.7 (1.0-3.0) 1 (ref.) 0.4 (0.1-1.1) 1.2 (0.4-3.2) 3.7 (0.5-25.5)
Unable to compose a 2-phrase

sentence
5/47 14/433 71/1644 816/22 320 87/2068 25/653 6/55

RR (95% CI)* 2 (0.8-5.1) 0.9 (0.5-1.5) 1.2 (1.0-1.6) 1 (ref.) 1.1 (0.9-1.4) 1 (0.6-1.4) 3.1 (1.5-6.5)
Unable to say his or her own name 14/47 55/432 195/1644 2380/22 284 207/2064 59/653 10/55

RR (95% CI)* 2.3 (1.5-3.6) 1.2 (1.0-1.6) 1.1 (1.0-1.3) 1 (ref.) 0.9 (0.8-1.1) 0.8 (0.6-1.0) 1.7 (1.0-2.9)
Unable to use a spoon to eat 4/47 5/432 23/1643 253/22 324 20/2068 8/653 3/55

RR (95% CI)* 5.3 (1.8-15.8) 1.1 (0.5-2.6) 1.3 (0.9-2.0) 1 (ref.) 0.8 (0.5-1.3) 1 (0.5-2.0) 4.9 (1.7-14.4)

Data are presented as the raw numbers and adjusted RR (95% CI).
*Adjusted for child factors (sex, singleton, and parity) as well as parental factors (maternal age at delivery, maternal smoking status, maternal educational attainment, and paternal educational
attainment).

Table VII. Adjusted* RRs for associations between birth weight category and behavioral developments at age of 5.5
years excluding children with congenital disease

Associations

Birth weight category

<–3 SD �3 to �2 SD �2 to �1.28 SD �1.28 to 1.28 SD +1.28 to +2 SD +2 to < +3 SD ‡+3 SD

Age of 5.5 years
Unable to listen carefully 5/38 33/383 127/1460 1330/19 578 130/1808 36/569 3/56

RR (95% CI)* 2 (0.9-4.4) 1.3 (1.0-1.9) 1.3 (1.1-1.6) 1 (ref.) 1.1 (0.9-1.3) 0.9 (0.7-1.3) 0.5 (0.1-2.1)
Unable to focus on one task 2/38 15/384 59/1463 654/19 585 62/1811 17/570 0/56

RR (95% CI)* 1.6 (0.4-6.2) 1.2 (0.7-2.0) 1.2 (0.9-1.6) 1 (ref.) 1 (0.8-1.3) 0.9 (0.6-1.4) NE
Unable to remain patient 8/38 51/384 166/1460 1960/19 565 174/1810 63/569 3/56

RR (95% CI)* 2.1 (1.2-3.8) 1.3 (1.0-1.7) 1.1 (1.0-1.3) 1 (ref.) 1 (0.8-1.1) 1.1 (0.9-1.4) 0.5 (0.2-1.6)
Unable to express emotions 9/38 38/383 118/1461 1325/19 561 125/1808 38/569 6/56

RR (95% CI)* 3.1 (1.7-5.7) 1.5 (1.1-2.0) 1.2 (1.0-1.5) 1 (ref.) 1 (0.8-1.2) 1 (0.7-1.4) 1.6 (0.8-3.4)
Unable to act in group 7/38 13/383 42/1460 416/19 577 35/1810 15/568 2/56

RR (95% CI)* 7.7 (3.8-15.6) 1.7 (1.0-2.9) 1.4 (1.0-1.9) 1 (ref.) 0.9 (0.7-1.3) 1.2 (0.7-2.0) 1.7 (0.4-6.4)
Unable to keep promises 9/38 34/383 135/1461 1432/19 558 129/1811 38/569 6/56

RR (95% CI)* 3 (1.7-5.5) 1.2 (0.8-1.7) 1.3 (1.1-1.5) 1 (ref.) 0.9 (0.8-1.1) 0.9 (0.7-1.2) 1.4 (0.7-3.0)

Data are presented as the raw numbers and adjusted RR (95% CI).
*Adjusted for child factors (sex, singleton, and parity) as well as parental factors (maternal age at delivery, maternal smoking status, maternal educational attainment, and paternal educational
attainment).
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