
Introduction

Several cohort studies have shown associations be-
tween indexes of foetal nutrition such as pre-natal
famine [6] and low birth-weight (LBW) with depres-
sion and related phenomena in adults [3, 7, 49].
However, the association between birth-weight for
gestation and depressive symptoms in childhood has
not been well examined. Instead, studies of the asso-
ciation between birth-weight and difficulties in
childhood have focused on total behavioural prob-
lems or externalising problems [20, 52, 56]. Follow-up

studies of children who were LBW at birth have re-
ported that these children show a number of diffi-
culties, in particular disruptive behavioural problems
and reduced IQ in comparison to children who were
born with normal weight at term [4, 20]. Although
there have been relatively few studies that have
examined the prevalence of depression in LBW chil-
dren, there are now a growing number of reports
illustrating that LBW children also show elevated
rates of depressive symptoms [5, 17]. In addition, one
recent nested case–control study of adolescent
depression found increased rates of depressive dis-
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j Abstract Low birth-weight has
been associated with depression
and related outcomes in adults,
and with problem behaviours in
children. This study aimed to
examine the association between
low birth-weight for gestation and
depressive symptoms in children
and adolescents and to examine
whether the relationship is mod-
erated by genetic risk for depres-
sion. An epidemiological,
genetically sensitive design was
used including 2,046 twins aged 8–
17 years (1,023 families). Data
were obtained by parental report
and analysed using regression
analysis. A small but significant
association between birth-weight
for gestation and early depressive
symptoms was observed. The unit
increase in depressive symptoms
per unit decrease in birth-weight
for gestation was greater for indi-

viduals at genetic or familial risk
for depression. For low birth-
weight children, genetic risk for
depression moderated the influ-
ence of birth-weight for gestation
in predicting early depressive
symptoms. Birth-weight for gesta-
tion is moderated by genetic and
familial risk for depression in
influencing early depression
symptoms. These observations
have clinical implications in that
the impact of being small for
gestational age on depressive
symptoms is greater in children at
familial/genetic risk although the
association between birth weight
and depression does not imply
causality.
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order in adolescents who were either premature or
LBW [32].

Preliminary evidence suggests that early adversity
may modify the link between birth weight and
depression in adults, with one study finding a stron-
ger association in those adults exposed to more ad-
verse socio-economic conditions during childhood
[15]. One other factor that may potentially modify the
relationship between birth weight and depressive
symptoms is familial or genetic risk for depression.
Genetic factors are known to be important in the
aetiology of depression [29, 37]. To our knowledge, no
study has examined the impact of genetic risk for
depression on the association between birth-weight
and depression in early life. We used a population-
based twin register to first examine the association
between birth-weight and depressive symptoms and
then to test whether this effect was moderated by
familial and genetic risk for depression.

Methods

j Participants

A total of 1,581 families, a sub-sample from a sys-
tematically ascertained, population-based register of
all twin births between 1980 and 1991, the Cardiff
Study of All-Wales and North-west England Twins
(CASTANET) were invited to participate. Twins on
this register were identified through child health da-
tabases and the characteristics of the sample have been
described in detail elsewhere [38, 47] but are repre-
sentative of the local population in terms of social class
and ethnicity. The percentages of families from social
class groups I, II, III, IV and V were 11.4%, 29.3%,
30.1%, 4.9% and 1.4%, respectively, with the remain-
der classified as at-home or unemployed. These figures
are in keeping with those expected from a population
from Greater Manchester [36]. The present wave of
data collection took place in 2000 including twins from
the register aged less than 17 years (range 8–17) and in
full-time education born in Greater Manchester. The
mean age of participating twins was 11.17 (standard
error=0.068). Completed questionnaires were received
from 1,023 families, giving an overall response rate of
65% (1,023/1,581). Data on birth-weight, antenatal and
perinatal factors and social class had been collected
3 years previously. There were 934/1,545 twin pairs
who took part at both assessment points (60%). (Note:
There were 934 pairs who took part in both waves of
the study but missing computed scores for some
variables meant that they were not included in
regression analyses). There were no significant dif-
ferences between those individuals who had complete
data available and those who did not take part at Time

2 in terms of birth weight (t=0.545, SE=0.15, P=0.586)
or those who did not take part at time 1 in terms of
depressive symptoms (t=0.730, SE=0.06, P=0.465). In
addition, information on emotional symptoms as as-
sessed by parental report on the Rutter questionnaire
(40) at Time 1 did not reveal any significant differ-
ences between those with complete data and those who
did not participate at Time 2 (t=1.114, SE=0.06,
P=0.465). Multi-centre ethical approval was obtained.
The study was described to participants and informed
consent was obtained following return of the com-
pleted questionnaire package. Complete data on birth
weight, gestation and depressive symptoms were
available for 370 monozygotic (MZ) and 495 dizygotic
(DZ) pairs. Zygosity was assigned according to parent
responses to the twin similarity questionnaire, which
has been found to be over 90% accurate in distin-
guishing MZ and DZ twins. An algorithm based on
previous work was used [8, 47].

j Measures

Mothers of the twins reported information on ante-
natal and obstetric factors using a questionnaire
adapted from Lewis &Murray [27], which included the
twins’ birth-weights, number of weeks of gestation at
birth, maternal age at birth and maternal smoking
during pregnancy (yes/no). Mother reports of birth
weight and gestation have been found to be very
accurate in comparison to antenatal records with
correlations of over 0.90 on average [16, 51]. Social
class information was also collected and classified
according to Standard Occupational Classification
[31]. Depression in the children and mothers was as-
sessed 3 years later in the year 2000. Child depressive
symptoms were assessed using the Mood and Feelings
Questionnaire (MFQ) [11]. The MFQ is a 34-item scale
based on DSM-III-R symptoms of depression that is a
reliable quantitative measure of depression and a
useful screening questionnaire for clinical depression
in children in the community [11, 48] as well as in
clinical populations [57]. Parent reports of children’s
depression symptoms were used as child reports are
only reliably obtained for those over the age of
11 years. The mean depression score for the sample
was 9.15 (range 0–60). Boys’ scores (mean=8.63; range
0–43) were lower than those of girls (mean=9.59;
range=0–60) although this difference was not signifi-
cant (t=)1.45, SE=0.05, P=0.15). Given that there was
no significant gender difference in mean symptom
counts for the sample, and no evidence for gender
differences in the magnitude of the genetic influence
on parent-rated depressive symptoms in a previous
analysis of this sample [38], the primary analyses were
conducted using the combined sample rather than
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separately for each gender. Parents also completed the
depression sub-scale of the Hospital Anxiety and
Depression Scale (HADS) [59] about their own
depression symptoms in the past week. The mean
depression score for parents was 4.46 (range 0–21).
The majority of analyses were based on total symptom
scores given that there are strong arguments for
regarding depression as a continuous dimension of
risk rather than as a categorical disorder (affected/
unaffected) both in adults and in children. Firstly,
studies of adults and children show that depressive
symptoms behave as a continuum with no evidence of
increased morbidity once clinical diagnostic criteria
are met [23, 51]. For example, Pickles & colleagues
[33] found that number of depressive symptoms but
not functional impairment predicted future depressive
episodes. Second, sub-clinical depressive symptoms
are associated with impairment [2, 26]—one of the
main criteria for fulfilment of disorder. Third, sub-
clinical symptoms are associated with service use and
significantly increase the risk for depressive disorder
in adulthood [21, 34]. Moreover, it appears that a
continuous measure of depression is more indicative
of genetic risk in children and adolescents. Several
studies have found that the aetiology of very high
levels of depressive symptoms is less influenced by
genetic factors than depressive symptoms across the
normal range [13, 14, 38]. Thus, at least in children,
symptoms of depression may give a better indicator of
genetic risk than categorical diagnoses. Nonetheless,
because of the suggestion of aetiological heterogeneity,
depressive symptoms were analysed both as a con-
tinuous and a categorical measure in this report. Birth
weight was examined both as a dimensional measure
and as a category since both birth weight across the
continuum and LBW have been reported to be asso-
ciated with depression in adults [7, 15, 32].

j Statistical analysis

Data were analysed using STATA [45] and SPSS [46].
We adopted two approaches for testing the effect of
birth-weight for gestation and genetic/familial risk.
First, genetic regression analysis [22, 56] was used to
test for genetic effects and for interaction of genetic risk
and birth-weight. We made use of the twin design that
relies on the observation that identical (monozygotic;
MZ) twins share all of their genes in common (coeffi-
cient of relationship=1), while on average, non-iden-
tical (dizygotic; DZ twins) share only half of their genes
in common (coefficient of relationship=0.5). Genetic
regression analysis is undertaken using standard
forced entry linear regression analysis with one twin’s
depression symptom scores being the dependent var-
iable. The twin’s depression score was predicted using

the formula T=B0+B1 C+B2 R+B3 I+B4 M+B5 G where
T=the twin depression score, B0=the regression con-
stant, C=the co-twin depression score, R=a coefficient
of genetic relatedness (0.5 for DZ twins; 1 for MZ
twins), I is the interaction term (C*R*birth-weight
corrected for gestation), M=the main effect of birth-
weight (with the length of gestation regressed out) and
G=twin gender. One twin’s depression score was en-
tered as the dependent variable, with co-twin depres-
sion, genetic relatedness and the interaction term as
independent variables. Regression analyses were car-
ried out using both continuous and categorical mea-
sures of birth-weight corrected for gestational age. Low
birth-weight for gestation was classified as £10th cen-
tile since standard published cut points were not
available for birth weights of twins.

Next, linear regression analysis was used to test for a
main effect of birth-weight on depressive symptoms.
The survey commands in STATA were used to take
account of clustering within twin pairs by likening the
twin data to a two-stage cluster design with the twin
pairs as the primary sampling unit. A robust variance
matrix calculation is utilised that relaxes the assump-
tion of independence within groups. Birth-weight was
corrected for number of weeks gestation at birth by
regressing out the effect of length of gestation and
using the unstandardized residuals for further analy-
sis. As boys tended to be heavier at birth than girls, and
the association between birth-weight and depressive
symptoms may differ by gender. The effect of sex was
controlled for by including sex as a predictor variable
in the regressionmodel. A number of factors have been
reported to be associated with LBW [12]. Information
on three potential influences was available—maternal
smoking during pregnancy, social class and maternal
age at birth. Social class was not associated with birth
weight for gestation (b=)4.20, SE=3.32, P=0.206) or
depressive symptoms (b=0.147, SE=0.107, P=0.169) in
the present sample. Maternal pre-natal smoking (yes/
no) was inversely associated birth weight for gestation
(b=)141.62, SE=18.32, P=0.001) and positively asso-
ciated with depressive symptoms in the offspring
(b=2.16, SE=0.618, P=0.001). Maternal age at birth of
child was negatively associated with child depressive
symptoms (b=).143, SE=0.053, P=0.007) and posi-
tively associated with twin birth weight (b=6.68,
SE=1.65, P=0.001). These three variables were entered
as predictor variables in regression models in addition
to child gender.

The second approach to test the effects of birth-
weight and genetic/familial risk was to use standard
regression analysis but this time defining (1) genetic
and (2) familial risk according to cut points on the
depression questionnaires for (1) the co-twin and (2)
the mother. Regression analysis was used to estimate
the unit increase in depressive symptoms per unit
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decrease in birth weight for those individuals at ge-
netic risk or family risk of depression and those not at
risk. Both familial risk and genetic risk for depression
was used for this analysis because to estimate the unit
increase in symptoms by genetic risk meant restrict-
ing the analysis to MZ twins and thus a substantial
reduction in sample size. Using familial risk allowed
results to be replicated using the much larger full
sample. Furthermore, using mother’s depression to
index familial risk rather than the DZ twins allowed
the entire sample to be double entered i.e. each twin
to be entered as an individual in the analysis. This is
because maternal depressive symptoms is a variable
that is obligatory shared for each member of a twin
pair. Appropriate correction for the non-indepen-
dence of twins was undertaken using the survey
commands in STATA as described above. For genetic
risk, birth-weight and gestation were entered as
independent variables to predict MZ twin depressive
symptoms for MZ twins individuals without an af-
fected co-twin (MZ co-twin depressive symptoms
<90th centile) and those with an affected co-twin (MZ
co-twin depressive symptoms ‡90th centile). This
analysis was then repeated for the whole sample using
parent depression symptoms as the cut point
(parental depression score ‡90th centile) as a measure
of familial risk. Dummy coded groups [9] were then
analysed to assess whether there was an interaction
between genetic or familial risk for depression and
birth weight in predicting early depressive symptoms.
These dummy variables allow the difference between
the beta coefficients for the low-risk and high-risk
groups to be tested.

Results

j Descriptives

Parent-rated MZ mean depression symptoms were
lower than those of DZ twins but this was not sig-

nificant (MZ mean=8.97, standard deviation=9.49; DZ
mean=9.14, standard deviation=8.92; t=0.980, df=967,
P=0.327). There were no significant differences on the
ante-natal and labour complications assessed
according to zygosity (admission to hospital for high
blood pressure v2=0.328, P=0.609, vaginal bleeding
v2=0.088, P=0.800, labour less than 3 h v2=1.035,
P=0.345, emergency Caesarean, v2=2.270, P=0.151,
maternal smoking during pregnancy, v2=0.192,
P=0.697, forceps or ventouse delivery? v2=1.398,
P=0.237).

Descriptive statistics for the birth-weight and
weeks gestation of twins are shown in Table 1. It can
be seen that second-born twins were lighter at birth
than first-born twins. MZ twins were lighter than DZ
twins although they also tended to be born earlier in
pregnancy. The average birth-weight for the entire
sample was 2469.81 g (standard deviation=553.38)
and the average length of gestation was 36.36 weeks
(standard deviation=2.87).

j Main effect of birth-weight for
gestation—standard regression analysis

Linear regression showed that birth-weight for ges-
tation significantly predicted parent-rated child
depression symptoms when controlling for child
gender (b=)0.001, SE=0.001, P=0.003, 95% CI )0.003,
)0.0006) (n=1,740). This remained significant when
child gender, maternal age at birth, pre-natal smoking
and social class were also included in the regression
model (b=)0.001, SE=0.001, P=0.015, 95% CI=)0.003,
)0.0003). This illustrates that children who were small
for gestation had higher depressive symptoms in
childhood and adolescence.

j Genetic regression analysis

The results of genetic regression analyses with
depression as a continuous variable are shown in

Table 1 Birth-weight in grams and
gestation in weeks by zygosity,
gender and birth order for twins with
complete data points

N Mean Standard deviation

First-born twin birth-weight 889 2484.55 544.03
Second-born twin birth-weight 889 2457.62 562.17
MZ first-born birth-weight 381 2404.32 531.55
MZ second-born birth-weight 381 2392.41 545.44
DZ first-born birth-weight 508 2544.65 546.01
DZ second-born birth-weight 508 2506.10 570.11
Girl first-born birth-weight 489 2445.43 544.59
Girl second-born birth-weight 489 2426.00 560.75
Boy first-born birth-weight 400 2532.18 540.06
Boy second-born birth-weight 400 2494.76 562.45
MZ duration of gestation (weeks) 371 36.44 3.00
DZ duration of gestation (weeks) 497 35.99 2.75
Girls weeks gestation 483 36.31 2.87
Boys weeks gestation 385 36.18 2.87
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Table 2. It can be seen from Table 2 that birth-weight
for gestation, genetic risk and maternal smoking
during pregnancy showed main effects on depressive
symptoms. When birth-weight for gestation was in-
cluded as a continuous variable there was no birth-
weight by genetic risk interaction effect although
there was a slight trend (b=)0.048, P=0.096) (n=861).
Data were also analysed using LBW as a categorical
variable. Significant main effects of birth-weight for
gestation, genetic risk, pre-natal smoking and a sig-
nificant genetic risk by LBW interaction were found
(b=0.394, P=0.001) (n=861). This relationship is
illustrated graphically in Fig. 1 and shows a stronger
relationship between genetic risk (C*R) and depres-
sive symtpoms for those individuals who were small
for gestational age at birth (£10th centile). This sug-
gests that it is LBW for gestational age that interacts

with genetic risk for depression when depression is
assessed as a continuous variable.

j Analyses of depression as a categorical
variable—standard regression analysis

When twinswere classified at genetic risk of depression
if they had an affected MZ co-twin, the coefficients
derived showed that for those twins at genetic risk for
depression (N=32), for each 1 kg decrease in birth
weight corrected for gestation, gender, social class,
maternal age at birth and pre-natal smoking there
was an increase of 2 depressive symptoms. As birth
weight was measured in grams, this was calculated
by the regression coefficent multiplied by 1000
()0.002·1,000=)2). For those identical twins (N=338)
not at genetic risk, the increase in depressive symptoms
for each 1 kg decrease in birth weight was 1 symptom
()0.001·1,000=)1). Thus, there was a two fold increase
in the number of depressive symptoms for each 1 kg
decrease in birth-weight for twins at genetic risk (2 vs. 1
symptom) when controlling for covariates. Similarly,
for each decrease in birth-weight of 1 kg there was an
increase of 7 depressive symptoms for those at familial
risk of depression (N=196) ()0.007·1,000=)7) and
an increase of 1 depressive symptoms for those
not at familial risk of depression (N=1478)
()0.001·1,000=)1) representing a seven-fold increase
in number of symptoms.

Regression with dummy coded variables showed
that the effect of birth-weight on depressive symp-
toms was not significantly different for those at high
genetic risk of depression compared to those not at
genetic risk of depression (for interaction term,
b=0.009, P=0.853). It should be noted that regression
with dummy coded variables for genetic risk of
depression required restriction to MZ twins only and
thus a substantial reduction in sample size. There was,
however, a significant interaction according to
familial risk (b=)0.086, t=)2.381, P=0.017).

Table 2 Genetic risk for depression and birth-weight

Beta (birth-weight as a
continuous variable)

P value Beta (low birth-weight for
gestation as a categorical variable)

P value

Interaction between birth-weight
corrected for gestation & genetic risk

)0.048a 0.096 0.394* 0.001

Birth-weight for gestation )0.081* 0.006 )0.075* 0.032
Co-twin depressive symptoms 0.541* 0.001 0.212* 0.002
Twin gender 0.044a 0.130 0.049a 0.080
Zygosity 0.027 0.349 )0.096* 0.010
Maternal pre-natal smoking (yes/no) 0.063* 0.033 0.067* 0.021
Social class 0.011 0.705 0.011 0.700
Maternal age at birth )0.024 0.411 )0.018 0.529

aP<0.1
*P<0.05
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Discussion

Depressive symptoms in young people show strong
similarities with depression in adulthood [18, 19] and
are associated with a number of deleterious health
outcomes including increased risk for depressive
disorder in adulthood; impaired educational and
social functioning; increased service use and deliber-
ate self-harm [2, 18, 21, 26, 34]. We find that genetic
risk interacts with LBW for gestation in influencing
depression. Standard regression analysis treating
birth-weight for gestation as a continuous variable
also showed that familial risk but not genetic risk
interacts with birth-weight. These results suggest that
being at genetic or familial risk for depression in-
creases the influence that being small for gestational
age has on depression. This result suggests that there
may be public health implications for the future
mental health of infants who are small for gestational
age if there is also a family history of depression.

Results from genetic and standard regression
analysis showed broadly similar results. However,
results from genetic regression analysis suggested that
LBW for gestation has the strongest effect on
depressive symptoms in the context of genetic risk,
rather than birth-weight for gestation across the
continuum. It is possible that defining genetic risk
according to cut points on the depression question-
naire may not be as robust an approach as examining
depression as a continuum. Many studies of child-
hood depressive symptoms have reported estimates of
genetic aetiology substantially lower for high depres-
sion scores than for scores within the normal range
[13, 14, 38]. The results of studies reviewed earlier
which suggest that depression may be viewed as a
continuum [2, 21, 22, 26, 33, 34, 51] suggest that in the
present study, results from analyses where depression
is included as a continuous variable may therefore be
more robust.

It is unclear whether birth-weight is a �causal’ risk
factor for depression in children and adolescents, al-
though some studies suggest that LBW is an impor-
tant environmental risk factor for behavioural and
cognitive problems [25, 52, 56]. However, the purpose
of this paper was not to assess causality, but rather, to
examine the association between birth-weight and
depression and whether it was modified by genetic
and familial risk for depression. Birth-weight has
several properties that make it a useful risk factor for
examining potential gene-environment interaction
effects [25, 42]. First, birth-weight is primarily influ-
enced by environmental rather than genetic factors.
For example, in this sample, examination of the MZ
and DZ correlations for birth-weight showed that
birth-weight was influenced primarily by shared
environmental rather than genetic factors as the

MZ and DZ correlation coefficients are similar
(rMZ=0.781; rDZ=0.697) (full model fitting results
available from first author). Moreover, there was little
evidence that there were common genes influencing
both depressive symptoms and LBW as the cross-twin
cross-trait correlations in this sample were near zero
for both MZ and DZ twins. This is not true of other
risk variables, indeed, there is consistent evidence
that many important environmental risk factors (e.g.
smoking in pregnancy) are not independent of genetic
predisposition [42]. As many risk factors or indica-
tors are influenced by genetic factors this can cause
difficulty in detecting and interpreting gene by envi-
ronment interactions [41, 44]. Second, LBW for ges-
tation does not appear to be associated with maternal
depression during pregnancy in developed countries
[1, 35, 43, 58]. Indeed, there was no association be-
tween current maternal depressive symptoms and
birth-weight corrected for gestation in this sample
(rtwin 1 birth-weight=0.021, P=0.540; rtwin 2 birth-weight=0.001,
P=0.975). This observation reduces the possibility that
the influence of birth-weight on depressive symptoms
observed in the present study is due to an association
with maternal depression although it does not rule
out the possibility. Birth weight is influenced by a
number of psychosocial and maternal health charac-
teristics including social class, pre-natal smoking,
maternal height, weight, age and parity. There were
three such factors that have previously been found to
influence birth weight, for which data were available
in this study (social class, pre-natal smoking, mater-
nal age at birth of child). These were included as
predictor variables in regression models in addition
to child gender, thus effects for birth weight adjusted
for gestation in the present study are independent of
these variables although we were not able to control
for all variables that have previously been associated
with birth weight (e.g. maternal weight at birth).

In the present study, depression was assessed
according to current symptoms. It is likely that this
will underestimate the genetic risk for depression as
life time ever rates of depression are significantly
higher than point prevalence estimates [10, 24, 39]. We
also relied on symptoms rather than diagnoses of
depression. However, there is compelling evidence
that depression appears as a continuum. Moreover, in
particular for tests of interaction, statistical power is
low [9, 42] and thus power is substantially increased
with the inclusion of continuous rather than categor-
ical measures. The reliance upon parental reports of
birth-weight and antenatal risk factors in the present
study is not ideal—information from antenatal re-
cords would have been preferable. However, the ret-
rospective recollection of birth-weight of children by
parents has been found to be accurate in comparison
to medical records with correlations of over 0.90 be-
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tween the two data sources reported [16, 54]. In
addition, retrospective recall of pregnancy related
events has been shown to be reliable [50]. The reliance
on parental reports of the twins’ emotional state may
have influenced results. Maternal reports of child
psychopathology have been reported to be influenced
by the mother’s own mental state. For the most part, it
has been found that this results in inflated levels of
emotional problems in children being reported by
mothers who have emotional difficulties themselves.
This is consistent with evidence that depression runs
in families, but also raises the possibility that familial
risk for children may be partly attributable to rater
effects. However, there is some evidence that de-
pressed mothers can be more sensitive to depression
in their children [55]. In addition, maternal reports of
anxiety and depression are predictive of outcome in
young adulthood, which lends some predictive validity
to maternal reports of emotional problems in children
[53]. Assortative mating has been reported for
depression, though reported spousal correlations for
depression have been relatively small [28]. Informa-
tion on the father’s mental state was not available in
this study. Assortative mating for depression would
result in an inflated DZ twin correlation and thus re-
duced evidence for genetic influences [30] and we have

previously found a genetic influence for depressive
symptoms in this sample [38]. One final potential
criticism is that birth-weight in twins may not mean
the same as in singletons. However, the twin design
was necessary to allow for the effects of genetic
influences and until susceptibility genes for depres-
sion are identified, molecular genetic indicators of risk
for depression are not feasible.

In summary, the present results suggest that LBW
for gestation and genetic/familial factors co-act and
interact in influencing early parent-rated depressive
symptoms. These observations suggest that it may be
useful to monitor children in cases where there is a
family history of depression and the child was small
for gestational age.
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