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Prediction From Low Birth Weight
to Female Adolescent Depression
A Test of Competing Hypotheses
Elizabeth Jane Costello, PhD; Carol Worthman, PhD; Alaattin Erkanli, PhD; Adrian Angold, MRCPsych

Context: Low birth weight (LBW) predicts later-onset
hypertension and diabetes mellitus. Its role as a predictor of depression is unclear.

Main Outcome Measure: Cumulative prevalence of
DSM-IV depressive disorder at 1 assessment or more during childhood (age range, 9-12 years) and during adolescence (age range, 13-16 years).

Objectives: To examine whether LBW predicts depres-

sion in male and female children and adolescents and to
compare the following 2 hypotheses: Low birth weight
is one among several perinatal, childhood, and adolescent risk factors for depression (biopsychosocial hypothesis). Low birth weight is a marker for poor intrauterine
conditions that provoke adjustments in fetal development, with long-term consequences for stress response
(fetal programming hypothesis).
Design: A representative population-based sample from
an 11-county area in western North Carolina was assessed annually for psychiatric disorders between the ages
of 9 and 16 years. We tested the prediction from LBW
and depression in models that included LBW only, LBW
plus other prenatal and perinatal adversities, LBW plus
significant perinatal and childhood adversities, and LBW
plus significant perinatal and childhood adversities and
adolescent correlates.
Setting: Academic research.
Participants: There were 1420 participants, of whom
49% were female.
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Results: The cumulative prevalence of depression among
adolescent girls with LBW was 38.1% (95% confidence
interval [CI], 16.3%-66.0%) compared with 8.4% (95%
CI, 5.2%-13.3%) among adolescent girls with normal birth
weight. Rates among children and adolescent boys did
not exceed 4.9%. In adolescence, there was a significant
interaction between LBW and sex (odds ratio, 0.2 [95%
CI, 0.1-0.5]; P⬍.001). Low birth weight predicted female adolescent depression after controlling for other perinatal, childhood, and adolescent adversities. Girls with
LBW and normal birth weight with no adversities had
no adolescent depression, but each additional adversity
increased the risk of in girls with LBW more than in girls
with normal birth weight. Low birth weight did not predict other psychiatric disorders in either sex.
Conclusions: Low birth weight predicts depression in
adolescent girls but not boys. Data support fetal programming over the biopsychosocial hypothesis, suggesting vulnerability to adversities in girls with LBW after
puberty.
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INDINGS FROM STUDIES THAT

link low birth weight (LBW)
with adolescent1 and adult2
depression raise the possibility that depression might
follow a developmental pattern seen in
other adult-onset chronic diseases such as
cardiovascular disease and type 2 diabetes mellitus. That is, suboptimal fetal development (herein indexed by LBW) might
increase later illness liability, particularly under stressful conditions.3,4
On the question of whether LBW predicts depression, the evidence is conflicting. Some studies1,2,5-12 have shown an
effect of LBW on later depression, while
other studies13-20 have not. Such uncer-
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tainty could be caused by lack of specificity about effects of birth weight on depression in different age-by-sex groups. In
childhood, rates of depression are equally
low in both sexes. At about age 13 years,
prevalence rises markedly among girls but
not among boys.21,22 Any explanation of a
link between LBW and depression needs
to consider these sex-by-age differences.
In this study, we tested 2 hypotheses
about possible causal links between fetal
development and later illness. One hypothesis treats LBW simply as 1 of a range
of risk factors, such as genetic predisposition, childhood and adolescent adversities, and maternal stress in the prenatal and
perinatal period, in which accumulation
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over time predicts later psychopathology.23 We refer to
this as the biopsychosocial hypothesis, according to which
LBW adds 1 more to the list of adversities that increase
risk for depression. The second explanation, the fetal origins hypothesis,24 sometimes called the Barker hypothesis,4 posits that LBW is a marker for poor intrauterine
conditions for growth and development. These provoke
adjustments in fetal physiologic development, with longterm consequences for function and health.25 According
to this model, there is “a mismatch between physiologic
capacities established in early development and the environments in which they later must function.”4(p98) Adjustments by the fetus to suboptimal conditions may maximize chances for survival during gestation and early
development but at a deferred cost if such adjustments
leave the individual less well prepared to deal with conditions encountered later in life. In this case, effects of
LBW might be latent until the system encounters adversities that strain its capacity to adapt. The stress threshold may be lower than that which would trigger illness
in individuals of normal birth weight (NBW). For example, firm evidence links suboptimal fetal development with increased liability to conditions in adulthood
(altered glucose tolerance, raised blood pressure, and hypertension) that are precursors of diabetes mellitus and
cardiovascular disease, particularly under stressful conditions.2-5,24,26,27 If the fetal origins hypothesis pertains to
depression, we would predict that the effect of at least
some of the adversities known to increase risk for depression would be increased in individuals with LBW.
Low birth weight has been implicated in risk for
several other psychiatric disorders, including schizophrenia,28,29 attention-deficit/hyperactivity disorder
(ADHD),9,10,16,17,30 and eating disorders.31 Research in
these areas has not so far tested a fetal origins hypothesis
against alternatives, to our knowledge. However, it may
be that intrauterine growth retardation creates risk for a
range of psychiatric outcomes at different developmental
stages corresponding to times of specific risk to the
developing organism.32 There is a considerable amount
of evidence that boys are more susceptible to early
developmental insults and, as a result, show higher rates
of early-onset neurodevelopmental problems such as
autism and ADHD.33 Girls, on the other hand, seem
more likely to experience later-onset disorders such as
depression33 that may be linked with social, psychological, or hormonal challenges of puberty.34
In this article, we use data from a longitudinal population-based sample of children and adolescents to examine risk from LBW to depression and other disorders. We examine the role of comorbidity and compare
the biopsychosocial and fetal origins hypotheses.
METHODS

STUDY PARTICIPANTS
Data are from the Great Smoky Mountains Study, a longitudinal study of the development of psychiatric disorders and the
need for mental health services among rural and urban youth.35-37
A representative sample of 3 cohorts of children aged 9, 11, and
13 years at intake in 1993 was recruited from 11 counties in
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western North Carolina. Potential participants were selected
from among the population of some 20 000 children using a
household equal probability, accelerated cohorts design.38 The
accelerated cohorts design means that during several years of
data collection each cohort reaches a given age in a different
year, thus controlling for cohort effects.39 For example, the 3
cohorts in 1996 were aged 12, 14, and 16 years; conversely,
the 3 cohorts were aged 16 years in 1996, 1998, and 2000.
Youth with behavior problems were oversampled by means
of a screening questionnaire administered to a parent (usually
the mother) of the first-stage sample (n=3896). The screen consisted mainly of the externalizing (behavioral) problems scale
of the Child Behavior Checklist40 and was administered by telephone or in person. Most families (95%) contacted completed
the screen. All children scoring above a predetermined cutoff
point (the top 25% of the total scores), plus a 1-in-10 random
sample of the rest (ie, the remaining 75% of the total scores)
were recruited for detailed interviews. Of those recruited, 80%
(n=1070) agreed to participate, of whom 49% were girls.
About 8% of the area residents and the sample are African
American, and less than 1% are Hispanic. American Indians make
up only about 3% of the population of the study area but were
oversampled from school records using the same screening procedure but recruiting everyone irrespective of screen score. Of
456 American Indian children identified, screens were obtained on 96%, and 350 participated in the study. The total study
sample comprised 1420 participants.
Data for each participant were weighted in inverse proportion to his or her probability of selection. The weights are incorporated into the data analyses so that the results presented
herein are representative of the population from which the
sample was drawn, not of their distribution in the sample.
Data used in these analyses are from 1993 to 2000, when
the participants were aged 9 to 16 years. Response rates ranged
from 74% to 94% a year, with a mean of 83%.

INTERVIEW PROTOCOL
Psychiatric and Psychosocial Measures
Psychiatric diagnoses and most psychosocial adversities were assessed using the Child and Adolescent Psychiatric Assessment
(CAPA), an interviewer-based diagnostic interview.41 A detailed glossary provides the operational rules for identifying clinically significant symptoms. Scoring programs for the CAPA, written in SAS software (SAS Institute, Cary, NC), combined
information about the date of onset, duration, and intensity of
each symptom to create diagnoses according to the DSM-IV.42
For this study, depression was defined as major depression, dysthymic disorder, or depression not otherwise specified. The time
frame of the CAPA is the 3 months before the interview. The
2-week test-retest reliability of the CAPA diagnoses in children
aged 10 to 18 years is comparable to that of other structured child
psychiatric interviews.36,41 Exact definitions of the adversities listed
in Table 1 and Table 2 are available from the author.
Prenatal and perinatal information was obtained from the
mothers. We defined LBW as 2500 g or less (ⱕ5.5 lb) in conformity with most of the literature.43 Mothers retrospectively
rated the length of gestation and pregnancy and any birth difficulties on scales of 0 to 5. Other indexes of perinatal adversity were having a mother younger than 18 years at the birth
of the child and having a mother or father who left school before the 11th grade. Subjects’ weight and height growing up
were measured at each interview (ie, from ages 9-13 years onward) and were used to calculate the body mass index. Obesity was defined using the Centers for Disease Control and Prevention guidelines (http://apps.nccd.cdc.gov/dnpabmi/calculator
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Table 1. Prenatal and Perinatal Effects on Female Adolescent Depression*
Prevalence of Risk Factor
With and Without
Associated Depression, %
Prenatal and Perinatal
Risk Factor
Low birth weight
Mother ⬍18 y
Parent having ⬍11th grade education
Difficult pregnancy
Difficult birth
Birth “very early”

Prevalence of
Risk Factor, %

With

5.5
8.3
8.3
13.6
8.6
9.9

3.6
5.7
9.0
13.5
9.1
6.8

Without

Odds Ratio (95%
Confidence Interval) of
Main Effect on Depression

P Value

22.3
22.8
6.1
15.4
6.7
19.8

5.0 (1.9-13.1)
4.2 (1.1-10.9)
...
...
...
3.4 (0.9-12.6)

.001
.003
...
...
...
.07

*Ellipses indicate variables dropped from the model because of nonsignificance.

.aspx). Lifetime parental psychiatric history was obtained from
interviews with the parents of study subjects using the Composite International Diagnostic Interview.44 Current maternal
depression was assessed at each interview using the 13-item
version of the Mood and Feelings Questionnaire.45-47 Information on parents’ criminal history was obtained from the North
Carolina criminal records database.

relates from the 3 stages and all interactions with LBW were
included simultaneously. We found no significant interactions; therefore, these were dropped from the analysis. We conducted a stepwise analysis removing variables 1 at a time until
there was no further improvement in the Bayesian information criterion. Rejected variables were then reentered to guard
against effects of colinearity.

Procedures

RESULTS

Participants were interviewed as near as possible to their birthday each year. The study received ethical approval annually from
Duke University, Emory University, and the Tribal Council of
the Eastern Band of the Cherokee. Before each interview began,
the parent and the child signed informed consent forms. Each
parent and child was paid a small sum after the interview.

DATA MANAGEMENT AND ANALYSIS
For most analyses, we collapsed the data into the following 3
periods: perinatal period (pregnancy and birth), childhood (age
range, 9-12 years), and adolescence (age range, 13-16 years),
which was the latest age at which both the parent and child
were interviewed. Adolescent depression was counted as present if it was diagnosed at 1 interview or more between the ages
of 13 and 16 years. Similarly, childhood risk factors were defined as present if they were reported on 1 or more occasions
in childhood, and adolescent risk factors or correlates were defined as present if they were reported on 1 occasion or more
between the ages of 13 and 16 years. This means that data on
perinatal risk (collected retrospectively) and adolescent risk were
available for all subjects, but data on childhood risk were available for only 2 age cohorts (aged 9 and 11 years at intake), not
for the oldest cohort (aged 13 years at intake).
Statistical tests were performed using generalized estimating equations in the SAS software version 6 (SAS Institute)48
program GENMOD, which makes use of all available data for
each analysis. We used the robust variance estimates (ie, sandwich-type estimates) together with sampling weights to adjust
the standard errors of the parameter estimates to account for
the 2-phase sampling design.49
We first tested the predictive power of a range of perinatal factors, alone and in interaction with LBW. Next, we
added childhood factors previously found to be associated
with childhood psychopathology, including comorbid psychiatric disorders (http://apps1.jhsph.edu/weaton.MDRF/main
.pdf). Those found to be significant in bivariate analyses were
combined in a model that included the significant predictors
from the first model and all the interactions with LBW. The
third model added a similar set of factors measured during adolescence. In the fourth model, all significant predictors and cor-
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Our results indicate that the cumulative prevalence of depression among adolescent girls with LBW was 38.1%
(95% confidence interval [CI], 16.3%-66.0%) compared with 8.4% (95% CI, 5.2%-13.3%) among adolescent girls with normal birth weight. Rates among children and adolescent boys did not exceed 4.9%. In
adolescence, there was a significant interaction between
LBW and sex (odds ratio, 0.2 [95% CI, 0.1-0.5]; P⬍.001).
LBW AND DEPRESSION
As expected from national surveys,50 more boys than girls
were at or below 2500 g at birth (8.7% vs 5.7%). The odds
ratio was 1.3 (95% CI, 0.9-1.8, P =.22).
Figure 1 shows the 3-month prevalence of depressive disorders at the ages of 9 to 16 years for boys and
girls with LBW and NBW. The mean 3-month prevalence of depression among both sexes was low during
childhood (0.9% [95% CI, 0.6%-1.5%]) and remained low
in adolescent boys whether of LBW (0.20% [95% CI,
0.04%-1.90%]) or NBW (2.0% [95% CI, 1.1%-3.7%). On
average, 23.5% (95% CI, 9.0%-48.9%) of adolescent girls
with LBW were depressed each year compared with 3.4%
(95% CI, 2.0%-5.6%) of adolescent girls with NBW.
Thirty-eight percent of adolescent girls with LBW had 1
depressive episode or more between the ages of 13 and
16 years. In a logistic regression analysis predicting adolescent depression from sex, LBW, and their interaction, LBW predicted a significant increase in risk for adolescent depression in girls but not in boys (interaction
OR, 0.015 [95% CI, 0.001-0.172]; P⬍.001).
We tested the sensitivity of these findings to the definition of LBW as 2500 g or less by examining the prevalence of adolescent depression among girls at each 500
g of difference in birth weight. Birth weight above 2500
g showed no effect, and risk was equally high at all lower
weights (details available from the author). Because LBW
WWW.ARCHGENPSYCHIATRY.COM
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Table 2. Childhood and Adolescent Effects on Female Adolescent Depression*
During Childhood†

Risk Factor Present
During ⱖ1 y
Family below federal
poverty line
Parent unemployed
ⱖ4 Children in home
Stepparent
Single parent
Time in foster care
Moved ⱖ4 times in 5 y
Dangerous
neighborhood
Dangerous school
Poor health
Obesity
Lax parental
supervision
Harsh parental
discipline
Overprotective or
intrusive parenting
Child treated as
scapegoat
Violence between
parents
Deviant peers
Family structure
change
Parental drug abuse
Parental crime
Parental mental illness
Maternal depression
Physical abuse
Sexual abuse
Neglect
Extreme stressor
Other life event
Anxiety disorders
Disruptive behavior
disorders
Posttraumatic stress
disorder
Drug abuse or
dependence
School dropout
Expulsion
Criminal conviction

Prevalence
of Risk
Factor, %

During Adolescence‡

Prevalence of Risk
Factor With and
Without Associated
Depression, %
P Value

Prevalence
of Risk
Factor, %

With

Without

OR
(95% CI)

19.3

18.5

28.3

...

...

17.9
3.2
11.1
16.0
2.3
14.1
0.7

18.3
3.4
11.0
16.2
2.5
13.2
0.6

12.5
0.0
11.6
13.8
0.3
23.3
1.2

...
...
...
...
...
...
...

0.1
1.7
18.3
5.5

0.1
1.8
18.5
5.8

0.0
0.0
16.5
2.9

4.4

4.6

1.5

Prevalence of Risk
Factor With and
Without Associated
Depression, %
With

Without

OR
(95% CI)

P Value

21.8

21.3

27.3

...

...

...
...
...
...
...
...
...

15.2
7.6
18.0
31.3
3.0
11.1
1.5

15.3
8.1
18.2
28.7
2.2
9.6
0.9

13.9
2.2
15.7
59.3
17.0
28.7
7.5

...
...
...
3.7 (1.5-9.2)
9.0 (2.3-35.3)
3.9 (1.3-11.0)
...

...
...
...
.004
.002
.01
...

...
...
...
...

...
...
...
...

3.6
1.5
32.8
18.1

3.3
0.9
32.9
16.3

7.3
8.6
32.4
38.1

...
20.9 (3.2-137.7)
...
...

...
.002
...
...

1.9

...

...

2.4

1.5

11.6

9.3 (2.7-32.2)

⬍.001

1.7

0.0

...

...

8.3

7.7

49.0

...

...

1.5

1.6

0.0

...

...

1.5

0.8

8.9

23.7 (4.9-114.8)

⬍.001

13.8

13.0

21.5

...

...

11.5

10.8

19.0

...

...

11.1
8.6

10.4
8.5

18.9
9.2

...
...

...
...

15.6
10.5

13.8
9.7

36.8
18.3

3.6 (1.4-9.3)
...

10.6
18.0
21.8
8.4
3.4
9.5
1.4
39.1
36.3
4.2
3.5

10.7
18.5
20.4
8.2
3.3
8.5
1.3
36.9
33.6
3.8
2.7

10.0
12.3
36.8
11.2
3.8
19.7
2.4
63.7
66.1
8.6
12.5

...
...
2.3 (0.9-5.7)
...
...
2.6 (0.9-8.1)
...
3.0 (1.2-7.5)
3.8 (1.5-9.5)
...
5.2 (1.5-10.9)

...
...
.09
...
...
.09
...
.02
.004
...
.001

14.0
11.3
25.4
9.9
5.0
6.5
5.4
51.9
56.0
7.2
8.0

13.1
10.9
21.9
8.1
3.1
5.5
3.0
50.0
52.7
3.8
4.3

24.1
15.6
64.0
29.5
25.7
17.3
32.1
71.9
91.8
44.6
49.1

...
...
6.3 (2.5-15.9)
4.7 (1.7-13.2)
10.5 (3.2-36.3)
3.6 (1.2-10.7)
15.4 (5.2-45.8)
2.9 (1.1-7.8)
10.1 (2.4-43.7)
20.2 (6.9-59.3)
21.5 (7.9-58.2)

...
...
⬍.001
.003
⬍.001
.02
⬍.001
.04
.002
⬍.001
⬍.001

13.2

12.1

25.0

14.1 (2.4-83.7)

.004

16.0

13.7

41.6

13.7 (3.4-55.1)

⬍.001

NA

NA

NA

...

...

8.1

6.5

26.0

5.0 (1.6-15.4)

.005

NA
NA
NA

NA
NA
NA

NA
NA
NA

...
...
...

...
...
...

1.8
1.2
2.6

1.1
0.5
2.3

8.4
9.4
6.1

...
22.7 (4.1-125.7)
...

.006
...

...
⬍.001
...

Abbreviations: CI, confidence interval; NA, not applicable; OR, odds ratio.
*Ellipses indicate variables dropped from the model because of nonsignificance.
†Age range, 9 to 12 years.
‡Age range, 13 to 16 years.

did not predict depression in boys, the remainder of the
analyses focus on girls.
RISK IN INFANCY, CHILDHOOD,
AND ADOLESCENCE
Table 1 summarizes results of bivariate analyses of birth
weight, birth difficulties, length of gestation, pregnancy
difficulties, and adverse perinatal environment as pre(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 64, MAR 2007
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dictors of female adolescent depression. In addition to
LBW, length of gestation and teen mother were predictive. In a multivariate model that included interaction
terms only, LBW (OR, 9.4 [95% CI, 2.7-32.2]; P⬍.001)
and teen mother (OR, 4.6 [95% CI, 1.6-13.2]; P=.005)
significantly predicted adolescent depression; length of
gestation dropped out of the model (OR, 1.1 [95% CI,
0.3-3.9]; P = .92). None of the interaction terms were
significant.
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Figure 1. Three-month prevalence of depressive disorder by sex and birth
weight.

The first 5 columns of Table 2 summarize the results
of bivariate analyses of association between childhood (age
range, 9-12 years) adversities and adolescent depression.
Sexual abuse, parental mental illness, unstable family structure, disruptive behavior disorders, and other traumatic
or nontraumatic life events were predictive. In a multivariate model that included LBW and teen mother from
the previous model, these 2 variables remained significant (LBW OR, 7.6 [95% CI, 2.7-20.9]; P⬍.001; and teen
mother OR, 3.6 [95% CI, 1.4-9.6]; P=.01). The only childhood predictor to remain in the model was nontraumatic
life events (OR, 4.5 [95% CI, 1.7-12.1]; P=.003). None of
the interactions with LBW were significant.
As summarized in the last 5 columns of Table 2, many
factors were significantly associated with depression in bivariate analyses of adolescent correlates. In the multivariate model that included the significant perinatal and childhood predictors, teen mother and nontraumatic life events
dropped out of the model. Low birth weight continued to
predict depression (OR, 7.3 [95% CI, 2.0-26.7]; P=.003).
Significant correlates were harsh parental discipline (OR,
5.7 [95% CI, 1.3-25.0]; P=.02) and nontraumatic life events
(OR, 5.7 [95% CI, 1.6-20.8]; P=.008). Adolescent depression was comorbid with anxiety disorders (OR, 15.5 [95%
CI, 5.1-47.7]; P⬍.001), disruptive behavior disorders (OR,
11.2 [95% CI, 3.8-33.1]; P⬍.001), and posttraumatic stress
disorder (OR, 11.3 [95% CI, 2.3-54.9]; P=.003). None of
the interaction terms were significant.
Therefore, in the first comparison between hypotheses, LBW did not perform like other more distal markers of adversity that disappeared from the model as more
proximal measures were added. Instead, it stayed in the
model through adolescence.
We next compared the 2 hypotheses about the role of
LBW in female adolescent depression by adding all the significant adversities to create a scale score. If LBW were simply 1 more risk factor, depression in girls with LBW should
increase in parallel with depression in girls with NBW. Under the fetal programming hypothesis, LBW should have
little effect in the absence of other stressors except to act
as a potentiator of the effect of other adversities.
Figure 2 shows the prevalence of adolescent depression among girls with LBW and NBW at different levels
of adversity. A girl who experienced no other risk factors
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Figure 2. Risk of adolescent depression in girls of normal birth weight and
low birth weight by number of childhood and adolescent risk factors
predicting depression.

except LBW was at no increased risk for adolescent depression: none of the girls with LBW or NBW without adversities were depressed between the ages of 13 and 16
years. However, in the presence of a single adversity, depression in girls with LBW increased to 19.5% compared
with 3.6% in girls with NBW. Adding another risk factor
increased the LBW risk to 68.5% compared with 19.7%.
Ninety-one percent of girls with LBW with 3 risk factors
and 100% of girls with LBW with 4 risk factors experienced adolescent depression compared with 76.4% and
85.0%, respectively, of girls with NBW. Therefore, rates
of depression increased much more rapidly with increasing risk in girls with LBW, but there was little effect of birth
weight at the lowest and highest risk levels. These findings are more consistent with the fetal programming hypothesis than with the biopsychosocial hypothesis.
We repeated the analyses including only girls with diagnoses of major depressive disorder and dysthymia. The
results were essentially unchanged.
LBW AND OTHER PSYCHIATRIC DISORDERS
We examined the effect of LBW on child and adolescent
anxiety disorders, symptoms of posttraumatic stress disorder (because the full diagnosis was rare), disruptive behavior disorders (conduct disorder, oppositional defiant disorder, and ADHD), and abuse of or dependence
on alcohol, marijuana, and other drugs of abuse. Full details are available from the author. Only the following 3
disorders showed any effect of LBW: social phobia, posttraumatic stress symptoms, and generalized anxiety disorder. In adolescence, all were 3 times more common in
girls with LBW than in boys or in girls with NBW, although the differences were not significant using generalized estimating equations. When combined into a single
variable, the effect was significant (OR, 4.7 [95% CI, 1.218.2]; P=.02). However, all of these conditions are comorbid with depression. When depression was included in the model, the effect of the anxiety disorders
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disappeared (depression OR, 5.4 [95% CI, 2.0-14.5];
P⬍.001; and anxiety OR, 1.7 [95% CI, 0.6-4.5]; P =.31).
Among the girls with LBW, only 1 had an anxiety disorder without depression. In summary, the effect of LBW
was specific to depression; the association with adolescent social phobia, posttraumatic stress disorder, and generalized anxiety disorder seemed to be the result of comorbidity between these conditions and depression.
COMMENT

Although only 5.7% of the girls in the Great Smoky Mountains Study sample were of LBW, 38.1% of these girls experienced 1 or more depressive episodes between the ages
of 13 and 16 years. The population attributable risk51 for
adolescent depression associated with LBW in girls was
18% (ie, if no girls were to be born with birth weights of
ⱕ2500 g, 18% fewer adolescent girls would have depressive episodes).
Since 1990, studies have been published supporting and
refuting the idea that LBW predicts depression. The accumulation of evidence has not yielded a consensus. Articles published since 2000 (3 studies5-7 for and 3 studies13,14,19 against the theory) are as divided as those published
earlier (4 studies8-11 for and 2 studies16,18 against theory).
We examined whether a focus on female adolescent
depression could clarify the issue. Most studies of LBW
and depression have not reported the separate sex-byage analyses needed to test whether LBW contributed specifically to adolescent female depression. Of the 2 studies7,8 that did so, both found that LBW was a much
stronger risk factor for female than male adolescent depression. However, they did not compare children with
adolescents, nor did they offer any explanations. We extend these findings by pitting the 2 explanatory hypotheses of accumulated biopsychosocial risk vs fetal programming against each other.
The evidence from these analyses argues in favor of
the fetal programming hypothesis. First, if LBW were
merely 1 of a cluster of generic risk factors for psychopathology it should predict other disorders as well as depression and do so throughout late childhood and adolescence in boys and in girls. In fact, LBW predicted only
depression, only in adolescence, and only in girls. Second, LBW did not act like just 1 more risk factor. When
no other adversities were present, the rate of female adolescent depression was 0% in girls with NBW and LBW.
Yet, 20% of girls with LBW exposed to a single adversity
had an episode of adolescent depression compared with
4% of girls with NBW, and the difference among girls with
2 adversities was even more marked (68% vs 20%). Low
birth weight acted more like a potentiator of other risk
factors than a separate adversity.
Low birth weight has been implicated in risk for schizophrenia,28,29 ADHD,9,10,16,17,30 and eating disorders.31 Too
few Great Smoky Mountains Study participants had
schizophrenia or eating disorders to test for effects of LBW.
No effects on ADHD were found, but this may be because data collection did not begin until the ages of 9 to
13 years, past the peak age at onset of ADHD. Studies of
other psychiatric disorders have not yet tested a fetal ori(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 64, MAR 2007
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gins hypothesis against alternatives, to our knowledge.
The possibility remains that intrauterine growth retardation creates risk for a range of psychiatric outcomes
at different developmental stages depending on the timing of exposure in relation to time-specific vulnerabilities of the developing organism.32
The chief weakness of the design for the purpose of these
analyses is retrospective recall by mothers of the study subjects’ birth weight, as well as the simple scales ranging from
0 to 5 that were used to record gestational age and other
perinatal information. For participants, the study began
at age 9 years, and with the 1420 subjects spread across an
11-county area, we lacked the resources to track down birth
records. However, a recent analysis comparing medical records with maternal recall some 30 years later found maternal recall to be accurate for birth weight (intraclass correlation coefficient, 0.76), although less so for gestational
age (intraclass correlation coefficient, 0.64).52 Our study
also lacked measures of maternal psychopathology or drug
use during pregnancy. Therefore, it could not examine the
relationship between the causes of LBW53-55 and later depression but only its consequences. Other shortcomings
include lack of data on the oldest cohort at the ages of 9 to
12 years, because they entered the study at age 13 years,
as well as small numbers for some tests of interactions. Also,
the annual interviews focused on a 3-month window, so
it is possible that episodes of depression developed and
disappeared in the 9 months between interviews. However, there is no apparent reason why this should happen
to a different extent in subjects with LBW vs NBW. Strengths
of this study include a representative population sample
and data on psychiatric disorders based on structured interviewer-based psychiatric assessments at close intervals
throughout later childhood and adolescence.
The findings need replication in larger samples that
include prospective data from birth to adulthood. Important next steps will include separate examination of
the many different hormonal, morphological, psychological, and social aspects of puberty that might best explain the increase in risk seen in adolescence, herein indexed by age. In previous work, it was demonstrated that
rising pubertal levels of the hormones estradiol and testosterone increase the risk of depression in girls independently of body morphologic structure, the timing of
pubertal changes, or stress levels.56 The fetal origins hypothesis also directs attention to intergenerational transmission of risk, because maternal risk behaviors such as
drinking and smoking during pregnancy could affect birth
weight and postnatal rearing environment.57 The present study lacked power to examine these patterns separately in girls with LBW, but such a study could yield clues
to the mechanisms linking intrauterine stress and adolescent depression. For the present, the findings suggest
that pediatricians and parents of girls who were of LBW
should pay close attention to their mental health as they
enter puberty.
Submitted for Publication: March 28, 2006; final revision received May 2, 2006; accepted May 2, 2006.
Correspondence: E. Jane Costello, PhD, Center for Developmental Epidemiology, Department of Psychiatry and
Behavioral Sciences, Duke University Medical School,
WWW.ARCHGENPSYCHIATRY.COM

©2007 American Medical Association. All rights reserved.
Downloaded From: http://archpsyc.jamanetwork.com/ on 07/27/2017

Duke University Medical Center Box 3454, Durham, NC
27710 (jcostell@psych.duhs.duke.edu).
Financial Disclosure: None reported.
Funding/Support: This study was supported by grants R01
MH48085, R01 MH63670, and R01 MH63970 from the
National Institute of Mental Health; by grant R01 DA011301
from the National Institute on Drug Abuse; and by grant
90132890 from the William T. Grant Foundation.
REFERENCES
1. Saigal S, Pinelli J, Hoult L, Kim MM, Boyle M. Psychopathology and social competencies of adolescents who were extremely low birth weight. Pediatrics. 2003;
111:969-975.
2. Thompson C, Syddall H, Rodin I, Osmond C, Barker DJ. Birth weight and the
risk of depressive disorder in late life. Br J Psychiatry. 2001;179:450-455.
3. Bellingham-Young DA, Adamson-Macedo EN. Foetal origins theory: links with
adult depression and general self-efficacy. Neuroendocrinol Lett. 2003;24:
412-416.
4. Worthman CM, Kuzara J. Life history and the early origins of health differentials.
Am J Hum Biol. 2005;17:95-112.
5. Gale CR, Martyn CN. Birth weight and later risk of depression in a national birth
cohort. Br J Psychiatry. 2004;184:28-33.
6. Gardner F, Johnson A, Yudkin P, Bowler U, Hockley C, Mutch L, Wariyar U; Extremely Low Gestational Age Steering Group. Behavioral and emotional adjustment of teenagers in mainstream school who were born before 29 weeks’ gestation.
Pediatrics. 2004;114:676-682.
7. Patton GC, Coffey C, Carlin JB, Olsson CA, Morley R. Prematurity at birth and
adolescent depressive disorder. Br J Psychiatry. 2004;184:446-447.
8. Frost AK, Reinherz HZ, Pakiz-Camras B, Giaconia RM, Lefkowitz ES. Risk factors for depressive symptoms in late adolescence: a longitudinal community study.
Am J Orthopsychiatry. 1999;69:370-381.
9. Botting N, Powls A, Cooke RWI, Marlow N. Attention deficit hyperactivity disorders and other psychiatric outcomes in very low birthweight children at 12 years.
J Child Psychol Psychiatry. 1997;38:931-941.
10. Pharoah POD, Stevenson CJ, Cooke RWI, Stevenson RC. Prevalence of behaviour disorders in low birthweight infants. Arch Dis Child. 1994;70:271-274.
11. Weisglas-Kuperus N, Koot HM, Baerts W, Fetter WP, Sauer PJ. Behaviour problems of very low birthweight children. Dev Med Child Neurol. 1993;35:406416.
12. Brown AS, van Os J, Driessens C, Hoek HW, Susser ES. Further evidence of relation between prenatal famine and major affective disorder. Am J Psychiatry.
2000;157:190-195.
13. Osler M, Nordentoft M, Andersen AM. Birth dimensions and risk of depression
in adulthood: cohort study of Danish men born in 1953. Br J Psychiatry. 2005;
186:400-403.
14. Cooke RW. Health, lifestyle, and quality of life for young adults born very preterm.
Arch Dis Child. 2004;89:201-206.
15. Feingold E, Sheir-Neiss G, Melnychuk J, Bachrach S, Paul D. Eating disorder symptomatology is not associated with pregnancy and perinatal complications in a cohort of adolescents who were born preterm. In J Eat Disord. 2002;31:202-209.
16. Szatmari P, Saigal S, Rosenbaum P, Campbell D, King S. Psychiatric disorders
at five years among children with birthweights ⬍1000g: a regional perspective.
Dev Med Child Neurol. 1990;32:954-962.
17. Breslau N, Chilcoat HD. Psychiatric sequelae of low birth weight at 11 years of
age. Biol Psychiatry. 2000;47:1005-1011.
18. Buka SL, Tsuang M, Lipsitt L. Pregnancy/delivery complications and psychiatric
diagnosis: a prospective study. Arch Gen Psychiatry. 1993;50:151-156.
19. Jablensky AV, Morgan V, Zubrick SR, Bower C, Yellachich LA. Pregnancy, delivery, and neonatal complications in a population cohort of women with schizophrenia and major affective disorders. Am J Psychiatry. 2005;162:79-91.
20. Kelly YJ, Nazroo JY, McMunn A, Boreham R, Marmot M. Birthweight and behavioural problems in children: a modifiable effect? Int J Epidemiol. 2001;30:
88-94.
21. Hayward C. Gender Differences at Puberty. New York, NY: Cambridge University Press; 2003.
22. Costello EJ, Erkanli A, Angold A. Is there an epidemic of child or adolescent
depression? J Child Psychol Psychiatry. 2006;47:1263-1271.
23. Sameroff A, Seifer R. Accumulation of Environmental Risk and Child Mental Health.
Vol 31. New York, NY: Garland Publishing Inc; 1995.
24. Barker DJ. The developmental origins of adult disease [editorial]. Eur J Epidemiol.
2003;18:733-736.
25. Bateson P, Barker D, Clutton-Brock T, Deb D, D’Udine B, Foley RA, Gluckman P,
Godfrey K, Kirkwood T, Lahr MM, McNamara J, Metcalfe NB, Monaghan P, Spencer HG, Sultan SE. Developmental plasticity and human health. Nature. 2004;
430:419-421.
26. Newsome CA, Shiell A, Fall C, Phillips DI, Shier R, Law C. Is birthweight related

(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 64, MAR 2007
344

27.
28.

29.

30.

31.
32.
33.
34.
35.

36.

37.

38.
39.
40.
41.

42.
43.

44.
45.

46.

47.

48.
49.
50.
51.
52.
53.

54.

55.

56.

57.

to later glucose and insulin metabolism? a systematic review. Diabet Med. 2003;
20:339-348.
Barker DJ, Winter PD, Osmond C, Margetts B, Simmonds SJ. Weight in infancy
and death from ischaemic heart disease. Lancet. 1989;2:577-580.
Silverton L, Mednick SA, Schulsinger F, Parnas J, Harrington ME. Genetic risk
for schizophrenia, birthweight, and cerebral ventricular enlargement. J Abnorm
Psychol. 1988;97:496-498.
Nilsson E, Stalberg G, Lichtenstein P, Cnattingius S, Olausson PO, Hultman CM.
Fetal growth restriction and schizophrenia: a Swedish twin study. Twin Res Human Genet. 2005;8:402-408.
Breslau N, Brown GG, DelDotto JE, Kumar S, Ezhuthachan S, Andreski P, Hufnagle
KG. Psychiatric sequelae of low birth weight at 6 years of age. J Abnorm Child
Psychol. 1996;24:385-400.
Favaro A, Tenconi E, Santonastaso P. Perinatal factors and the risk of developing
anorexia nervosa and bulimia nervosa. Arch Gen Psychiatry. 2006;63:82-88.
Barker DJ. The developmental origins of well-being. Philos Trans R Soc Lond B
Biol Sci. 2004;359:1359-1366.
Rutter M, Caspi A, Moffitt T. Using sex differences in psychopathology to study
causal mechanisms. J Child Psychol Psychiatry. 2003;44:1092-1115.
Angold A, Costello EJ, Worthman CM. Pubertal changes in hormone levels and
depression in girls. Psychol Med. 1999;29:1043-1053.
Angold A, Prendergast M, Cox A, Harrington R, Simonoff E, Rutter M. The Child
and Adolescent Psychiatric Assessment (CAPA). Psychol Med. 1995;25:739753.
Angold A, Costello EJ. A test-retest reliability study of child-reported psychiatric
symptoms and diagnoses using the Child and Adolescent Psychiatric Assessment (CAPA-C). Psychol Med. 1995;25:755-762.
Costello EJ, Angold A, March J, Fairbank J. Life events and post-traumatic stress:
the development of a new measure for children and adolescents. Psychol Med.
1998;28:1275-1288.
Schaie KW. A general model for the study of developmental problems. Psychol
Bull. 1965;64:92-107.
Schaie KW. Beyond calendar definitions of age, time, and cohort: the general developmental model revisited. Dev Rev. 1986;6:252-277.
Achenbach TM. Manual for the Child Behavior Checklist 4-18 and 1991 Profile.
Burlington: Dept of Psychiatry, University of Vermont; 1991.
Angold A, Fisher PW. Interviewer-based interviews. In: Shaffer D, Lucas C, Richters J, eds. Diagnostic Assessment in Child and Adolescent Psychopathology.
New York, NY: Guilford Press; 1999:34-64.
American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition. Washington, DC: American Psychiatric Association; 1994.
National Center for Health Statistics. Table 44. Percent of live births very preterm and preterm and percent of live births of very low birthweight and low birthweight, by race and Hispanic origin of mother: United States, 1981-1999. Retrieved from National Vital Statistics Report; Vol 49; April 17, 2001. http://www
.cdc.gov/nchs/data/misc/lbwork.pdf. Accessed December 21, 2005.
Andrews G, Peters L. The psychometric properties of the Composite International
Diagnostic Interview. Soc Psychiatry Psychiatr Epidemiol. 1998;33:80-88.
Kent L, Vostanis P, Feehan C. Detection of major and minor depression in children and adolescents: evaluation of the Mood and Feelings Questionnaire. J Child
Psychol Psychiatry. 1997;38:565-573.
Thapar A, McGuffin P. Validity of the shortened Mood and Feelings Questionnaire in a community sample of children and adolescents: a preliminary research note. Psychiatry Res. 1998;81:259-268.
Wood A, Kroll L, Moore A, Harrington R. Properties of the Mood and Feelings
Questionnaire in adolescent psychiatric outpatients: a research note. J Child Psychol Psychiatry. 1995;36:327-334.
SAS Institute. SAS/STAT User’s Guide, Version 6. Vol 1. 4th ed. Cary, NC: SAS
Institute Inc; 1994.
Shrout PE, Newman SC. Design of two phase prevalence surveys of rare disorders.
Biometrics. 1989;45:549-555.
Sproston K, Primatesta P, eds. Health Survey for England 2002: Volume 2: Maternal and Infant Health. London, England: Stationery Office; 2003.
Rothman KJ, Greenland S. Modern Epidemiology. 2nd ed. Philadelphia, Pa: Lippincott-Raven Publishers; 1998.
Buka SL, Goldstein J, Spartos E, Tsuang M. The retrospective measurement of
prenatal and perinatal events. Schizophr Res. 2004;71:417-426.
Zimmer-Gembeck MJ, Helfand M. Low birthweight in a public prenatal care program: behavioral and psychosocial risk factors and psychosocial intervention.
Soc Sci Med. 1996;43:187-197.
Paarlberg KM, Vingerhoets AJ, Passchier J, Dekker GA, Heinen AG, van Geijn
HP. Psychosocial predictors of low birthweight: a prospective study. Br J Obstet
Gynaecol. 1999;106:834-841.
Wadhwa PD, Dunkel-Schetter C, Chicz-DeMet A, Porto M, Sandman CA. Prenatal psychosocial factors and the neuroendocrine axis in human pregnancy. Psychosom Med. 1996;58:432-446.
Angold A, Worthman CM, Costello EJ. Puberty and depression. In: Hayward C,
ed. Gender Differences at Puberty. New York, NY: Cambridge University Press;
2003:137-164.
Barker DJ. Mothers, Babies, and Health in Later Life. Edinburgh, Scotland: Churchill
Livingstone Inc; 1998.

WWW.ARCHGENPSYCHIATRY.COM

©2007 American Medical Association. All rights reserved.
Downloaded From: http://archpsyc.jamanetwork.com/ on 07/27/2017

