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Problem behaviors are of increasing public health concern. Twin studies have revealed substantial genetic
and environmental influences on children’s behavior, and examining birth-weight difference could allow
the identification of the specific contribution of multiple non-shared prenatal environmental factors. The
Twins and Multiple Births Association Heritability Study, a UK, volunteer-based study, recruited mothers
of twins aged 18 months to 5 years; 960 twins (480 pairs) were included in the analysis. Twins’ mothers
answered questions relative to their pregnancy and their twins’ characteristics, and completed the Child
Behavior Checklist (CBCL) 1½–5. The association between the absolute birth-weight difference and each
CBCL scale’s score difference was analyzed by means of multiple linear regressions. Expected mean CBCL
score differences were calculated. In monozygotic (MZ) twins, statistically and clinically significant associa-
tions were found between intrapair birth-weight difference and difference in total problems, internalizing
problems, and emotional reactiveness. No significant results were observed neither in dizygotic (DZ) twins
when analyzed as a separate group nor in MZ and DZ twins combined. The results of the present study sug-
gest that with increasing the absolute birth-weight difference, the intrapair difference in total problems,
internalizing behaviors and emotionality increases, with smaller twins being at major risk for later behavior
problems. Moreover, these results suggest a causal association between birth weight and behavior devel-
opment.
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Behavior problems, such as internalizing (i.e., anxiety, de-
pression, emotional problems, somatic complaints, and
withdrawnness) and externalizing (i.e., aggression and at-
tention problems) behaviors, may manifest during the
preschool years, potentially extending over childhood and
adolescence (Bartels et al., 2004). Early identification and
deeper understanding of the etiology of these behaviors
are important, mainly because children with behavior dif-
ficulties are at a greater risk of adverse developmental out-
comes, including poor academic performance, conflictual
relationships with peers and family members, delinquency,

and even early death (Jokela et al., 2009; Sourander et al.,
2007; Van Der Ende et al., 2016).
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Twin studies have revealed significant genetic influ-
ences on internalizing and externalizing behaviors, with
common and non-shared environmental effects generally
being considered more modest (Bartels et al., 2004; van der
Valk et al., 1998). Among the diversemechanisms via which
the environment can influence twins’ behavior, the prena-
tal environment is receiving increasing interest (Knopik
et al., 2016). In this context, birth-weight discordance is
considered a good proxy of the non-shared environment’s
effect. In fact, as twins are characterized by the same ges-
tational age, a difference in their birth weight is the result
of any factor affecting the growth of each individual twin
(Pettersson et al., 2015). These factors could be ascribed to
genetic or structural abnormalities, or to adverse intrauter-
ine factors, such as small placental weight, single umbilical
artery, excessive velamentous cord insertions (Victoria
et al., 2001), or to various placental abnormalities (Kent
et al., 2012), which may randomly affect only one twin in
a pair.

Growth discordance has been associated with impaired
cognitive development (Ross et al., 2012), ADHD symp-
toms (Pettersson et al., 2015), and problem behaviors
(Mankuta et al., 2010; van Os et al., 2001). In partic-
ular, van Os et al. (2001) analyzed the association be-
tween birth-weight difference and Child Behavior Check-
list (CBCL) total score difference in 745 twin pairs
from the East Flanders Prospective Twin Survey (EF-
PTS), observing a positive association between the intrapair
behavior-problem difference and the degree of birth-weight
discordance.

The aim of the current study was to replicate the pre-
viously reported association between the intrapair birth-
weight difference and the intrapair difference in behav-
ior problems, measured by the CBCL questionnaire. Our
primary interest was to examine whether and how birth-
weight difference and other perinatal factors, including
gestational age, maternal smoking, and BMI before preg-
nancy, may affect the development of problematic be-
haviors. Specifically, we focused on each CBCL subscale
and presented the absolute birth-weight differences in
order to help parents and clinicians to easily identify
the more challenging areas of development. Furthermore,
we concentrated on young, preschool-aged twins to re-
duce as much as possible external, non-controlled for
influences.

Materials and Methods
The data collection process has been described previously
(Antoniou et al., 2014). Briefly, the Twins and Multiple
Births Association Heritability Study (TAMBAHS) is a UK,
volunteer-based study investigating the psychological de-
velopment of twins from birth until 5 years of age. Moth-
ers of twins aged 18 months to 5 years were selected for
this study. Between July 2008 and May 2010, 492 moth-

ers completed an online questionnaire on their twins’ emo-
tional and behavioral development. Participants’ geograph-
ical spread was representative of the twin families’ spread
across the UK.

Zygosity Determination

The adapted version of the Goldsmith’s zygosity question-
naire (Goldsmith, 1991) was used to assess the zygosity of
the twins included in the TAMBAHS dataset. This ques-
tionnaire has been validated against determination by iden-
tity of polymorphic DNAmarkers, reaching an accuracy of
verifying zygosity in 95% of cases.

Behavior Problems

The CBCL 1½–5 (Achenbach & Rescorla, 2000) is a ques-
tionnaire developed to obtain a standardized report of chil-
dren’s behavior problems as perceived by their parents. Nu-
merous versions of this questionnaire have been developed
to target different age groups. The CBCL 1½–5 was devel-
oped to assess children from 18 months to 5 years of age. It
contains 99 problem items, split into 7 subscales: emotion-
ally reactive, anxious/depressed, somatic complaints, with-
drawn, sleep problems, attention problems, and aggressive
behavior, originally derived by factor analyses. The broad-
band scale ‘Internalizing’ is the sum score of the first four
syndrome scales, whereas ‘Externalizing’ is the sum score
of attention problems and aggressive behavior. ‘Total prob-
lems’ is the sum score of all 99 problem items. Each item is
scored 0–2 (not true, somewhat or sometimes true, and very
true or often true), based on the preceding 2 months. Good
reliability and validity criteria have been reported for this
checklist (Achenbach & Rescorla, 2000).

Statistical Analysis

Twins’ absolute birth-weight difference in grams (i.e., birth
weight of the larger twin — birth weight of the smaller
twin) and CBCL score discordance (i.e., CBCL score of the
larger twin — CBCL score of the smaller twin) were cal-
culated. The association between birth-weight difference
and CBCL score difference was investigated by the means
of multiple linear regression analysis. The hypothesis un-
der test was that an increase in birth-weight difference be-
tween co-twins will be associated with a CBCL score differ-
ence. The expected mean CBCL difference was calculated
to determine how the score is expected to change with in-
creasing birth-weight difference per 100 g difference. Twins’
gender (male–male, female–female, opposite-sex), age, ges-
tational age, weight difference at the time of survey, zygos-
ity, and maternal prepregnancy BMI, age, and smoking sta-
tus before, during and after pregnancy were controlled for
in the analysis. An interaction term was added to the re-
gressions in order to test the possible interaction of zygosity
with birth-weight difference.

Statistical analysis was performed in Stata v.13 (Stata-
Corp, 2013). Alpha was set at 0.05.

254 TWIN RESEARCH AND HUMAN GENETICS

https://doi.org/10.1017/thg.2018.13 Published online by Cambridge University Press

https://doi.org/10.1017/thg.2018.13


Intrapair Birth-Weight Differences and Behavior

TABLE 1
Phenotypic Characteristics of Twins According to their Zygosity

Twins’ characteristics MZ DZ

Gender n % n %

Male 202 57.06 301 49.67
Female 152 42.94 305 50.33
Same-sex pairs 177 100 164 54.13
Different-sex pairs NA NA 139 45.87

Mean SD Mean SD p value
Birth weight (g) 2,326.64 575.86 2,487.02 578.78 <.0001
Gestational age (weeks) 35.38 2.48 36.26 2.69 <.0001
Children age (months) 37.50 11.63 34.67 11.35 .0003
Twins’ weight (Kg) 11.25 11.74 10.51 6.59 .235
CBCL scales

Meana SE Meana SE p valuea

Externalizing
Attention problems Males 2.46 0.13 2.45 0.11 .931

Females 2.22 0.17 2.26 0.12 .844
Aggressive behavior Males 11.08 0.42 10.35 0.35 .190

Females 10.13 0.51 10.18 0.37 .935
Total externalizing Males 13.58 0.50 12.83 0.42 .255

Females 12.40 0.61 12.46 0.44 .941
Internalizing
Emotional reactiveness Males 1.44 0.15 1.31 0.12 .519

Females 1.80 0.20 1.35 0.14 .065
Anxiety/depression Males 2.15 0.15 2.34 0.13 .356

Females 3.17 0.20 2.20 0.14 <.001
Somatic complaints Males 1.75 0.14 1.90 0.12 .403

Females 2.03 0.17 1.95 0.12 .685
Withdrawn Males 1.20 0.10 1.37 0.09 .215

Females 1.82 0.12 1.27 0.09 <.001
Total internalizing Males 6.56 0.37 6.96 0.31 .422

Females 8.90 0.51 6.80 0.36 .001
Sleep problems Males 2.53 0.16 2.24 0.14 .173

Females 2.58 0.20 2.41 0.14 .503
Total problems Males 32.71 1.11 32.14 0.95 .699

Females 34.69 1.43 31.11 1.02 .042
Maternal characteristics MZ DZ

Mean SD Mean SD p value
Age 35.53 4.69 36.69 4.17 .0002
Prepregnancy BMI 24.52 4.32 24.76 5.11 .570

n % n %
Ethnicity White 346 97.19 610 98.07

Other 10 2.81 12 1.82
Smoking status Yes (%) No (%) Yes (%) No (%)

Before 78 (22.94) 262 (77.06) 108 (17.94) 494 (82.06)
During 8 (2.50) 312 (97.50) 20 (3.56) 542 (96.44)
After 34 (10.69) 284 (89.31) 58 (9.63) 526 (90.07)

Note: SD = standard deviation; SE = standard error.
aCorrected for twins’ age at survey.

Results
Summary Statistics

A total of 960 twins were included in the analysis, of which
202 were monozygotic (MZ) male twins, 152 MZ female
twins, 162 dizygotic (DZ)male twins, 166 DZ female twins,
and 278 opposite-sex twins. Mean twins’ birth weight, ges-
tational age, and age at survey are presented in Table 1, sub-
divided by zygosity. MZ twins’ mean gestational age was
significantly shorter than that of DZ twins (35.38 ± 2.48
weeks of MZ twins, compared to 36.26 ± 2.69 weeks
of DZ twins; p = .0001). Furthermore, MZ twins’ mean
birth weight was significantly lower than that of DZ twins
(2,326.64 ± 575.86 g compared to 2,487.02 ± 578.78 g for
MZ andDZ twins, respectively; p= .0001), whileMZ twins’
age at the time of survey was significantly higher than DZ

twins’ mean age (37.50 ± 11.63 months and 34.67 ± 11.35
months for MZ and DZ twins, respectively; p = .0003).
Table 1 also shows mean CBCL scores for each zygosity
group, subdivided by gender and adjusted for age at sur-
vey to account for the rapid development that occurs in
the age period considered. As can be seen, mean scores
were statistically significantly higher in female MZ twins
as compared to female DZ twins in total problems (34.69
[1.43] compared to 31.11 [1.02] for female MZ and DZ
twins, respectively; p = .042), internalizing problems (8.90
[0.51] and 6.80 [0.36] for female MZ and DZ twins, respec-
tively; p = .001), anxiety/depression (3.17 [0.20] for female
MZ twins and 2.20 [0.14] for female DZ twins; p = .001)
and withdrawnness (1.82 [0.12] for female MZ twins and
1.27 [0.09] for female DZ twins; p = .001). No statistically
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TABLE 2
Phenotypic Discordance According to Zygosity

MZ DZ

Twins’ characteristics Mean SD Mean SD p value

Birth-weight difference (g) 246.07 228.48 295.65 271.74 .004
n % n %

Birth-weight difference categories
0 g 18 5 46 7.37
0–100 g 96 26.67 120 19.23
100–200 g 84 23.33 118 18.91
200–300 g 44 12.22 76 12.18
300–400 g 48 13.33 84 13.46
400–500 g 24 6.67 60 9.62
500–600 g 6 1.67 40 6.41
600–700 g 4 1.11 16 2.56
700–800 g 22 6.11 10 1.60
800–900 g 4 1.11 10 1.60
900–1,000 g 2 0.56 6 0.96
1,000–1,100 g 0 0 8 1.28
>1,100 g 8 2.22 30 4.81

CBCL scales Meana SE Meana SE p valuea

Attention problems Male 0.06 0.17 –0.12 0.20 .459
Female 0.13 0.26 –0.00 0.25 .711
Opposite sex 0.24 0.18 —

Aggressive behavior Male 0.10 0.43 –0.31 0.51 .542
Female 0.10 0.56 –0.45 0.54 .473
Opposite sex –0.15 0.37 —

Total externalizing Male 0.16 0.50 –0.42 0.58 .451
Female 0.19 0.65 –0.45 0.63 .477
Opposite sex –0.08 0.47 —

Emotional reactiveness Male -0.11 0.36 0.56 0.43 .238
Female 1.40 0.51 -0.40 0.49 .012
Opposite sex -0.19 0.25 —

Anxiety/depression Male 0.07 0.21 -0.12 0.24 .553
Female -0.12 0.25 0.20 0.24 .353
Opposite sex -0.15 0.16 —

Somatic complaints Male -0.01 0.21 0.37 0.25 .240
Female -0.48 0.28 0.67 0.28 .004
Opposite sex 0.15 0.19 —

Withdrawn Male 0.19 0.13 -0.34 0.16 .011
Female 0.13 0.15 -0.38 0.15 .016
Opposite sex 0.08 0.11 —

Total internalizing Male 0.15 0.53 0.47 0.62 .695
Female 0.96 0.79 0.09 0.77 .432
Opposite sex -0.14 0.43 —

Sleep problems Male -0.14 0.16 0.33 0.18 .051
Female -0.46 0.25 -0.00 0.24 .180
Opposite sex 0.17 0.17 —

Total problems Male 0.73 1.02 0.94 1.20 .892
Female 0.93 1.34 -0.14 1.30 .565
Opposite sex 0.10 0.84 —

Note: SD = standard deviation; SE = standard error.
aCorrected for twins’ age at survey.

significant difference in mean scores was observed among
male twins.

DZ twins’ mothers were significantly older thanmothers
of MZ twins (36.69 ± 4.17 years compared to 35.53 ± 4.69
years; p =.0002), while no difference was observed in ma-
ternal prepregnancy BMI (24.52± 4.32 kg/m2 ofMZ twins’
mothers compared to 24.76 ± 5.11 kg/m2 of DZ twins’
mothers; p = .570). Mothers of MZ and DZ twins did not
differ much regarding their ethnicity, with the vast ma-
jority of them being white (97.19% and 98.07% of moth-
ers of MZ and DZ twins, respectively). Table 2 presents
the mean differences in birth weight and behavior prob-
lems according to zygosity group. As can be seen, MZ

twins’ mean birth-weight difference was lower than DZ
twins’ (246.07 ± 228.48 g compared to 295.65 ± 271.74
g; p = .004). Table 2 also shows mean differences in CBCL
scores in MZ and DZ twins, subdivided by gender and ad-
justed by age at survey. Among female–female twin pairs,
statistically significantly larger differences were found in
MZ twin pairs in the emotional reactiveness scale (1.40
[0.51] and -0.40 [0.49] for females, MZ and DZ twin pairs,
respectively; p = .012). On the other hand, DZ twins
showed statistically significantly larger differences in so-
matic complaints (-0.48 [0.28] for female MZ twin pairs,
and 0.67 [0.28] for female DZ twin pairs; p = .004) and
withdrawnness (Males: 0.19 [0.13] and -0.34 [0.16] for MZ
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TABLE 3
Intrapair Correlations for Each CBCL Scale, Subdivided Into
Zygosity Group

MZ DZ

ra rb ra rb

Attention problems 0.801 0.128 0.274 -0.038
Aggressive behavior 0.865 0.044 0.639 0.070
Total externalizing 0.888 0.083 0.623 0.042
Emotional reactiveness 0.136 0.122 -0.093 0.052
Anxiety/depression 0.820 0.017 0.469 0.023
Somatic complaints 0.600 -0.084 0.251 0.023
Withdrawn 0.856 -0.094 0.404 -0.004
Total internalizing 0.807 0.055 0.559 0.048
Sleep problems 0.863 -0.114 0.540 -0.019
Total problems 0.921 0.034 0.750 0.075

Note: r = Pearson’s correlation coefficient.
aIntrapair correlations of raw CBCL scores.
bCorrelations of standardized residuals. Birth-weight difference was
adjusted for gestational age and sex, while CBCL scales score differ-
ences were adjusted for age at survey and sex.

and DZ twins, respectively; p = .011. Females: 0.13 [0.15]
and -0.38 [0.15] for MZ and DZ twin pairs, respectively;
p = .016). A marginally significant difference in the mean
score was observed inmale twin pairs in the sleep problems
scale (-0.14 [0.16] and 0.33 [0.18] for MZ and DZ twins, re-
spectively; p= .051). Note that, here, a negative value signi-
fies that the smaller twins at birth scored higher on average
than larger birth-weight co-twins, and vice versa.

We computed intrapair correlations by using Pearson’s
correlation coefficients between the standardized residuals
of birth-weight difference, adjusted for gestational age and
sex of the pair (i.e., male–male, female–female, or opposite-
sex), and CBCL score differences, adjusted for age at survey
and sex of the pair (Table 3). All residuals were standard-
ized to a mean of zero and a standard deviation of 1. MZ
correlations were higher than DZ correlations only in 4 out
of 10 scales (i.e., externalizing and internalizing problems,
attention problems, and emotional reactiveness), while in
3 scales, MZ twins’ standardized correlations were below
the mean value of zero (i.e., sleep problems, somatic com-
plaints, and withdrawn). However, when we computed in-
trapair twin correlations of raw CBCL scores, MZ twins’
correlations were always higher than those of DZ twins
(Table 3). Specifically, MZ twins’ correlations ranged from
0.136 to 0.921, with most of them being higher than 0.8,
while DZ twins’ correlations ranged from -0.093 to 0.639.
In both cases, the lowest correlations were associated with
emotional reactiveness.

Multiple Linear Regression

Multiple linear regressions were performed first with the
absolute birth-weight difference as a continuous variable,
and second, after subdividing it into categories of 100 g dif-
ference. No statistically significant association was found
when treating birth-weight difference as a continuous vari-
able. However, when subdividing it into birth-weight dif-
ference categories, statistically significant associations were

found in total problems (β = -5.95; 95% CI [-11.08, -0.82];
p= .023), internalizing behavior (β = -4.17; 95% CI [-7.65,
-0.69]; p = .019) and emotional reactiveness scales (β = -
2.70; 95% CI [-5.23, -0.17]; p = .036) in MZ twins ana-
lyzed as a separate group. Moreover, a borderline statisti-
cally significant association was found in sleep problems
in MZ twins (β = -0.84; 95% CI [-1.69, 0.01]; p = .052).
No statistically significant association was found neither
in MZ and DZ twins combined nor in DZ twins analyzed
separately.

We then computed expected mean differences for every
birth-weight category, subdivided by CBCL scale, in MZ
and DZ twins combined (Table 4), MZ twins (Table 5), and
DZ twins (Table 6) analyzed separately; p values relative to
the whole multiple linear regressions are shown.

InMZ twins analyzed separately, the expectedmeans for
the intrapair difference in total problems score ranged from
15.11 (12.03) to -59.29 (25.14). Furthermore, the expected
means for internalizing score ranged from 11.27 (8.16) to
-38.80 (17.05), while this figure ranged from 7.31 (5.92) to
-25.15 (12.38) for emotional reactiveness.

Post-Hoc and Sensitivity Analysis

Among the independent variables included in the multiple
regressions, gestational age was given special attention be-
cause of its possible associationwith childhood neurodevel-
opment. For this reason, all multiple regressions were re-
peated without controlling for gestational age. The results
were not significantly affected by the exclusion of gesta-
tional age (results not shown).

Furthermore, we repeated all the analysis after remov-
ing all twin pairs (n = 2 and n = 9 for MZ and DZ twins,
respectively) with at least one extremely low birth-weight
(ELBW) twin (i.e., with a birth weight ≤ 1,000 g, accord-
ing to theWorld Health Organization’s definition) from the
sample. Again, no difference in the results was observed (re-
sults not shown).

Discussion
The aim of the current study was to replicate the previously
reported association between the intrapair birth-weight dif-
ference and the intrapair difference in behavior problems,
measured by the CBCL questionnaire. As MZ twins share
100% of their genotype and 100% of their common envi-
ronment, if birth-weight discordance in MZ twins predicts
a discordance in CBCL score, then it is plausible to assume
a causal association between the two (Vitaro et al., 2009).

The associations between the birth-weight difference
and behavior problem scales were first investigated in MZ
and DZ twins combined, but no significant association was
identified. The analysis was then repeated in MZ and DZ
twins separately. The regressions of total CBCL, internaliz-
ing problems, and emotional reactiveness score differences
over birth-weight difference were significant in MZ but not
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TABLE 4
Expected Mean Difference Score for Increasing Birth-Weight Difference

Total problems Internalizing Externalizing

BW difference Mean SE p Mean SE p Mean SE p

0 g -4.04 6.04 0.98 3.38 -6.07 2.93
100 g -5.15 5.89 0.76 3.30 -6.29 2.86
200 g -6.26 5.83 0.54 3.26 -6.52 2.83
300 g -7.37 5.86 0.32 3.28 -6.74 2.84
400 g -8.49 5.98 0.10 3.35 -6.97 2.90
500 g -9.60 6.18 -0.12 3.46 -7.20 3.00
600 g -10.71 6.47 .13 -0.33 3.62 .59 -7.42 3.14 .53
700 g -11.82 6.82 -0.55 3.82 -7.65 3.31
800 g -12.93 7.22 -0.77 4.05 -7.86 3.50
900 g -14.05 7.68 -0.99 4.30 -8.10 3.72
1,000 g -15.16 8.17 -1.21 4.58 -8.33 3.97
1,100 g -16.27 8.70 -1.43 4.88 -8.55 4.22
>1,100 g -17.38 9.26 -1.65 5.19 -8.78 4.49
BW difference Anxiety/depression Emotionally reactive Somatic complaints Withdrawn

Mean SE p Mean SE p Mean SE p Mean SE p
0 g 1.42 1.11 -2.09 2.13 2.87 1.28 -1.23 0.72
100 g 1.45 1.09 -2.09 2.08 2.69 1.25 -1.31 0.70
200 g 1.48 1.07 -2.09 2.06 2.52 1.24 -1.39 0.69
300 g 1.51 1.08 -2.08 2.07 2.35 1.25 -1.46 0.70
400 g 1.54 1.10 -2.08 2.11 2.17 1.27 -1.54 0.71
500 g 1.58 1.14 -2.08 2.19 2.00 1.32 -1.62 0.74
600 g 1.61 1.19 .82 -2.08 2.27 .99 1.82 1.38 .26 -1.70 0.77 .37
700 g 1.64 1.26 -2.08 2.41 1.65 1.45 -1.78 0.81
800 g 1.67 1.33 -2.07 2.55 1.48 1.54 -1.86 0.86
900 g 1.70 1.42 -2.07 2.71 1.30 1.63 -1.94 0.91
1,000 g 1.73 1.51 -2.07 2.89 1.13 1.74 -2.01 1.04
1,100 g 1.76 1.60 -2.07 3.08 0.95 1.85 -2.09 1.04
>1,100 g 1.80 1.71 -2.06 3.27 0.78 1.97 -2.17 1.10
BW difference Aggressive behavior Attention problems Sleep problems

Mean SE p Mean SE p Mean SE p
0 g -4.29 2.43 -1.89 1.11 0.20 1.13
100 g -4.57 2.37 -1.83 1.08 -0.03 1.10
200 g -4.85 2.34 -1.77 1.07 -0.26 1.09
300 g -5.13 2.35 -1.71 1.07 -0.49 1.10
400 g -5.40 2.40 -1.64 1.10 -0.72 1.16
500 g -5.68 2.48 -1.58 1.33 -0.95 1.16
600 g -5.96 2.60 .35 -1.52 1.19 .64 -0.18 1.21 .10
700 g -6.24 2.74 -1.46 1.25 -1.41 1.26
800 g -6.52 2.90 -1.39 1.32 -1.64 1.35
900 g -6.79 3.09 -1.33 1.41 -1.87 1.44
1,000 g -7.07 3.29 -1.27 1.50 -2.10 1.53
1,100 g -7.35 3.50 -1.21 1.60 -2.33 1.63
>1,100 g -7.63 3.72 -1.14 1.70 -2.55 1.73

in DZ twins analyzed separately. These results, and espe-
cially the very large and clinically significant expectedmean
differences ranges, suggest that intrauterine factors affect-
ing birth weight are involved in the early development of
behavior problems. In fact, as twins are characterized by
the same gestational age, a difference in their birth weight
is the result of any factor affecting the growth of each indi-
vidual twin (Pettersson et al., 2015). Modifiable risk factors
of birth-weight discordance include low weight gain dur-
ing pregnancy, advanced maternal age, artificially induced
pregnancy, smoking, and hypertensive disorders (Puccio
et al., 2014).

Note that all statistically significant beta coefficients are
negative, implying a rise in CBCL scores in smaller twins
(or a reduction in the larger ones) with the increasing birth-
weight difference. This is in line with previous studies that
have explored the effect of birth-weight discordance on be-

havior, cognition, and psychopathology. In fact, the smaller
twins in discordant, prematurely born pairs showed lower
IQ performances at 3 years of age (Ross et al., 2012) and
higher ADHD symptoms at 9 and 12 years (Pettersson et al.,
2015) compared to their larger co-twins. Van Os and col-
leagues examined the association between birth-weight dis-
cordance and discordance in CBCL scores in 6- to 17-year-
old twins (van Os et al., 2001), reporting a statistically sig-
nificant, positive association with the total CBCL score.
Two aspects differentiate the present study from van Os
et al. (2001), the first being that they analyzed only the in-
fluence of birth weight on the total CBCL score, while our
aim was to determine which specific subscale(s) might be
influenced the most by birth weight. The second aspect is
that van Os’ research group analyzed the linear regressions
of relative differences, as opposed to the present study, in
which the absolute CBCL score differences were regressed
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TABLE 5
Expected Mean Difference Score for Increasing Birth-Weight Difference in Monozygotic Twins

Total problems Internalizing Externalizing

BW difference Mean SE p Mean SE p Mean SE p

0 g 15.11 12.03 11.27 8.16 6.06 5.35
100 g 9.16 10.56 7.10 7.16 5.39 4.70
200 g 3.21 9.58 2.92 6.49 4.74 4.26
300 g -2.74 9.24 -1.25 6.27 4.08 4.11
400 g -8.69 9.61 -5.42 6.52 3.42 4.28
500 g -14.64 10.63 -9.59 7.21 2.76 4.73
600 g -20.59 12.12 .02 -13.76 8.22 .02 2.11 5.39 .57
700 g -26.54 13.93 -17.94 9.45 1.45 6.20
800 g -33.49 15.97 -22.11 10.83 0.79 7.10
900 g -38.44 18.14 -26.28 12.30 0.13 8.07
1,000 g -44.39 20.41 -30.45 13.84 -0.53 9.08
1,100 g -50.34 22.75 -34.63 15.43 -1.18 10.12
>1,100 g -56.29 25.14 -38.80 17.05 -1.84 11.18
BW difference Anxiety/depression Emotionally reactive Somatic complaints Withdrawn

Mean SE p Mean SE p Mean SE p Mean SE p
0 g 0.65 2.11 7.31 5.92 1.95 2.80 1.41 0.99
100 g 0.41 1.86 4.60 5.20 0.91 2.46 1.19 0.87
200 g 0.17 1.68 1.90 4.72 -0.14 2.23 0.97 0.79
300 g -0.06 1.62 -0.81 4.55 -1.18 2.15 0.75 0.76
400 g -0.30 1.69 -3.51 4.74 -2.22 2.24 0.53 0.79
500 g -0.54 1.87 -6.21 5.24 -3.26 2.48 0.30 0.88
600 g -0.78 2.13 .60 -8.92 5.97 .04 -4.31 2.83 .09 0.08 1.00 .30
700 g -1.01 2.45 -11.62 6.86 -5.35 3.25 -0.14 1.15
800 g -1.25 2.81 -14.33 7.86 -6.39 3.72 -0.36 1.32
900 g -1.49 3.19 -17.03 8.94 -7.43 4.23 -0.58 1.50
1,000 g -1.73 3.59 -19.74 10.05 -8.48 4.76 -0.81 1.68
1,100 g -1.96 4.00 -22.44 11.21 -9.52 5.30 -1.03 1.88
>1,100 g -2.20 4.42 -25.15 12.38 -10.56 5.86 -1.25 2.07
BW difference Aggressive behavior Attention problems Sleep problems

Mean SE p Mean SE p Mean SE p
0 g 5.39 5.10 0.57 1.78 -0.45 1.99
100 g 4.89 4.48 0.46 1.57 -1.29 1.75
200 g 4.39 4.07 0.35 1.42 -2.13 1.59
300 g 3.90 3.92 0.24 1.37 -2.97 1.53
400 g 3.40 4.08 0.13 1.43 -3.81 1.59
500 g 2.90 4.51 0.02 1.58 -4.65 1.76
600 g 2.41 5.14 0.65 -0.09 1.80 0. 78 -5.49 2.01 0.05
700 g 1.91 5.91 -0.20 2.07 -6.33 2.31
800 g 1.41 6.78 -0.30 2.37 -7.17 2.64
900 g 0.92 7.70 -0.41 2.69 -8.01 3.01
1,000 g 0.42 8.66 -0.52 3.03 -8.86 3.38
1,100 g -0.08 9.66 -0.63 3.37 -9.70 3.77
>1,100 g -0.57 10.67 -0.74 3.73 -10.54 4.16

over the absolute birth-weight difference. Although this dif-
ferential approach limits the comparability between the two
studies, our choice of presenting expectedmean differences
for 100 g birth-weight difference was led by the purpose
of presenting more interpretable results for clinicians and
parents.

Previous heritability analysis showed that internalizing
and externalizing problem behaviors in young twins are in-
fluenced by genetic and environmental factors, with the vast
majority of the observed variance explained by the genetic
factors (van der Valk et al., 1998). The analysis of discor-
dances in MZ twins allows one to focus on unique envi-
ronmental factors only, which are thought to explain 25–
32% of the observed variance in internalizing and external-
izing problems (van der Valk et al., 1998), and about 22%
of the variance in negative emotionality (Schumann et al.,
2017). However, whenwe analyzedMZ twins alone, the val-

ues ofR2 indicate that each of the association considered ac-
counted only for about 8–11% of the variance. At the same
time, the expected mean differences in CBCL scores at 0 g
birth-weight difference strongly diverged from the expected
value of zero. These results could signify that other fac-
tors are likely to influence twins’ behavioral development.
For example, it is possible that non-reported intrauterine
growth restriction affected the smaller twins’ psychological
development independently from birth weight, although a
sensitivity analysis removing all pairs with ELBW twins did
not show different results. Alternatively, other risk factors
able to affect the individuals’ behavior independently from
their co-twins (i.e., increasing the difference between the
two) could have an influence on the birth-weight difference
behavior problems association.

Among the environmental factors that might affect
the behavioral development of children, low birth weight
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TABLE 6
Expected Mean Difference Score for Increasing Birth-Weight Difference in Dizygotic Twins

Total problems Internalizing Externalizing

BW difference Mean SE p Mean SE p Mean SE p

0 g 0.32 9.84 0.11 5.20 -6.29 4.85
100 g -1.77 8.78 0.35 4.64 -6.93 4.33
200 g -3.85 7.98 0.58 4.21 -7.57 3.93
300 g -5.94 7.51 0.82 3.97 -8.21 3.70
400 g -8.02 7.44 1.06 3.93 -8.85 3.67
500 g -10.11 7.78 1.29 4.11 -9.49 3.83
600 g -12.19 8.48 .24 1.53 4.48 .80 -10.13 4.18 .46
700 g -14.28 9.46 1.77 5.00 -10.78 4.66
800 g -16.36 10.64 2.00 5.62 -11.42 5.24
900 g -18.45 11.97 2.24 6.32 -12.06 5.90
1,000 g -20.53 13.39 2.48 7.07 -12.70 6.60
1,100 g -22.68 14.89 2.71 7.87 -13.34 7.34
>1,100 g -24.70 16.44 2.95 8.69 -13.98 8.10
BW difference Anxiety/depression Emotionally reactive Somatic complaints Withdrawn

Mean SE p Mean SE p Mean SE p Mean SE p
0 g 1.69 1.85 -3.41 2.98 2.96 2.06 -1.17 1.28
100 g 1.94 1.65 -3.25 2.66 2.88 1.84 -1.25 1.14
200 g 2.18 1.50 -3.08 2.41 2.80 1.67 -1.33 1.03
300 g 2.43 1.41 -2.91 2.27 2.72 1.57 -1.41 0.97
400 g 2.67 1.40 -2.75 2.25 2.63 1.56 -1.49 0.96
500 g 2.92 1.46 -2.58 2.35 2.55 1.63 -1.57 1.01
600 g 3.16 1.59 .46 -2.41 2.56 .76 2.47 1.77 .83 -1.66 1.10 .72
700 g 3.41 1.78 -2.25 2.86 2.39 1.98 -1.74 1.23
800 g 3.66 2.00 -2.08 3.22 2.31 2.23 -1.82 1.38
900 g 3.90 2.25 -1.92 3.62 2.23 2.50 -1.90 1.55
1,000 g 4.15 2.52 -1.75 4.05 2.15 2.80 -1.98 1.74
1,100 g 4.39 2.80 -1.58 4.50 2.07 3.12 -2.06 1.93
>1,100 g 4.64 3.09 -1.42 4.97 1.99 3.44 -2.14 2.13
BW difference Aggressive behavior Attention problems Sleep problems

Mean SE p Mean SE p Mean SE p
0 g -4.26 3.88 -2.22 1.90 1.27 1.91
100 g -4.83 3.47 -2.27 1.69 0.98 1.71
200 g -5.41 3.15 -2.33 1.54 0.69 1.46
300 g -5.98 2.96 -2.39 1.45 0.41 1.46
400 g -6.55 2.94 -2.44 1.44 0.12 1.44
500 g -7.12 3.07 -2.50 1.50 -0.16 1.51
600 g -7.70 3.35 .41 -2.56 1.64 .87 -0.45 1.65 .41
700 g -8.27 3.73 -2.61 1.82 -0.73 1.84
800 g -8.84 4.20 -2.67 2.05 -1.02 2.07
900 g -9.42 4.72 -2.73 2.31 -1.30 2.32
1,000 g -9.99 5.29 -2.78 2.58 -1.59 2.60
1,100 g -10.56 5.88 -2.84 2.87 -1.87 2.89
>1,100 g -11.13 6.49 -2.90 3.17 -2.16 3.19

(LBW) has been frequently highlighted. As Drvaric and
colleagues discussed in their review (Drvaric et al., 2013),
extremely low birth-weight (ELBW) infants are at increased
risk of emotional regulation issues, internalizing and ex-
ternalizing behavior problems, and lower IQ, compared
to normal-weight infants. In the present study, we did not
observe any influence of ELBW on the results of the linear
regression analyses, probably due to the low number of twin
pairs with at least one ELBW twin (i.e., 11 out of 480). With
regards to the association between birth weight and neuro-
logic soft signs, Breslau et al. (2000) reported a higher risk
of soft signs, along with internalizing, externalizing, and
attention problems in children born with a LBW. Finally,
analyzing infants’ temperament, Riese (1994) reported that
larger twins were more irritable, more difficult to soothe,
andmore active while awake and during sleep, compared to
their smaller co-twins. Although these results seem to devi-

ate substantially from the present and previously published
articles, this could be due to the relatively small sample size
and the twins’ age, that is, only a few days, which may have
influenced infants’ response to the experimental stimuli.

The present study comes with some limitations. Data
were collected by means of an online, maternally reported
questionnaire, although a commonly used and validated
one. This has precluded the collection of any data regard-
ing chorionicity and intrauterine growth. Furthermore,
because of the volunteer-based nature of the study, it was
susceptible to selection bias, in that mothers of twins with
problematic behaviors might have been more interested in
participating in the research. However, although parental
ratings are subject to several types of limitations, they are
still considered a critically important source of information
in behavioral genetics research. In fact, even though psy-
chologists and psychiatrics would provide more detailed
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and less biased description of children’s behavior, their ob-
servations would involve stressful, standardized situations,
and a laboratory setting in which observed responses and
reactions may not reflect children’s usual behavior. On the
opposite, parents’ ratings, while not perfect, are thought
to better summarize children’s normal reactions to every-
day stimuli, especially during the preschool years (Saudino
et al., 2000). Furthermore, we had no data regarding parent-
ing behaviors. It is possible that differential parenting prac-
tices toward co-twins might naturally derive from birth-
weight discordance, as parents might tend to provide more
attention to their smaller, weaker child, which might in
turn differentially influence twins’ behavior (Asbury et al.,
2003). Other externalizing and internalizing risk factors
(i.e., familial socio-economic status, maternal education
levels, substance abuse, and psychopathology) reported by
Carneiro et al. (2016) were not available for the current
study. However, these factors would probably not have
affected the results in the current research design, as they
are factors common to the co-twins and, therefore, likely
to increase their similarities instead of their differences.

In conclusion, this study reports a clinically significant
association of MZ twins’ absolute birth-weight difference
with total and internalizing problems and emotional reac-
tiveness score differences, calculated with the CBCL 1½–
5. This clearly indicates that unique environmental factors
(i.e., those causing the different birth weight) are involved
in young twins’ psychological and behavioral development.
However, we cannot exclude the role of other non-shared
environmental influences, such as chorionicity and differ-
ential parental treatment between co-twins. Future studies
should include these data for elucidating their role in the
psychological development of young twins born discordant
for birth weight.
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