
BackgroundBackground Anon-optimal foetalAnon-optimal foetal

environment, reflected in smaller birthenvironment, reflected in smaller birth

size and shorterduration of gestation, is asize and shorterduration of gestation, is a

risk factor forcompromisedhealth later inrisk factor forcompromisedhealth later in

life.life.

AimsAims To examinewhether smallerbirthTo examinewhether smallerbirth

size and shorter gestationpredictsize and shorter gestationpredict

depressive symptoms.depressive symptoms.

MethodMethod Atotal of1371members of aAtotal of1371members of a

cohort born between1934 and1944 atcohort born between1934 and1944 at

term (259^294 days’gestation) inHelsinki,term (259^294 days’gestation) inHelsinki,

Finland, completed the Beck DepressionFinland, completed the Beck Depression

Inventory (BDI) and the Center forInventory (BDI) and the Center for

Epidemiological Studies Depression scaleEpidemiological Studies Depression scale

(CES^D) at an average age of 61.5 years(CES^D) at an average age of 61.5 years

(BDI) and 63.4 years (BDI and CES^D).(BDI) and 63.4 years (BDI and CES^D).

ResultsResults Gestationallength predictedGestationallengthpredicted

depressive symptomslinearly anddepressive symptomslinearly and

independentlyofgender andbirthweight:independentlyofgender andbirthweight:

perdaydecrease in gestationallength,perdaydecrease in gestationallength,

depressive symptoms scores increased bydepressive symptoms scores increased by

0.8^0.9% (95% CI 0.2^1.4,0.8^0.9% (95% CI 0.2^1.4, PP550.009).0.009).

Weight, length andhead circumference atWeight, length andhead circumference at

birth showedno linear associationwithbirth showedno linear associationwith

depression, adjusted for gender anddepression, adjusted for gender and

gestationallength.Theresults didnotgestationallength.The results didnot

changewhen furthercontrolled for socio-changewhen further controlled for socio-

economic characteristics at birth and ineconomic characteristics at birth and in

adulthood, age andbodymass index inadulthood, age and bodymass index in

adulthood.adulthood.

ConclusionsConclusions Susceptibility toSusceptibility to

depressive symptomsmayrelate todepressive symptomsmayrelate to

shorter length of gestation.shorter length of gestation.
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Low birth weight is associated with in-Low birth weight is associated with in-

creased risk of cardiovascular disease andcreased risk of cardiovascular disease and

type 2 diabetes later in life (Barkertype 2 diabetes later in life (Barker et alet al,,

2005). Likewise, low birth weight has been2005). Likewise, low birth weight has been

found to be associated with self-reportedfound to be associated with self-reported

depressive symptoms and clinical diagnosisdepressive symptoms and clinical diagnosis

of depression at varying ages (Thompsonof depression at varying ages (Thompson etet

alal, 2001; Cheung, 2001; Cheung et alet al, 2002; Gale &, 2002; Gale &

Martyn, 2004; PattonMartyn, 2004; Patton et alet al, 2004). These, 2004). These

findings are in agreement with the devel-findings are in agreement with the devel-

opmental origins of health and diseaseopmental origins of health and disease

hypothesis, which proposes that adversehypothesis, which proposes that adverse

experiences during critical periods of foetalexperiences during critical periods of foetal

development can permanently alter ordevelopment can permanently alter or

programme the structure and function ofprogramme the structure and function of

the cells and organs, and consequently thethe cells and organs, and consequently the

function of the organism.function of the organism.

However, challenging any program-However, challenging any program-

ming effects on depression, a recent studyming effects on depression, a recent study

found no association between birth weightfound no association between birth weight

and psychiatric ward admission for depres-and psychiatric ward admission for depres-

sion in adult men (Oslersion in adult men (Osler et alet al, 2005). More-, 2005). More-

over, the earlier studies gave mixed resultsover, the earlier studies gave mixed results

in relation to gender (Thompsonin relation to gender (Thompson et alet al,,

2001; Cheung2001; Cheung et alet al, 2002; Gale & Martyn,, 2002; Gale & Martyn,

2004; Patton2004; Patton et alet al, 2004). One possible ex-, 2004). One possible ex-

planation for the discrepancy is that, apartplanation for the discrepancy is that, apart

from studies using clinical diagnosis or hos-from studies using clinical diagnosis or hos-

pital admission (Pattonpital admission (Patton et alet al, 2004; Osler, 2004; Osler etet

alal, 2005), depressive symptoms have been, 2005), depressive symptoms have been

measured using standardised tools in onlymeasured using standardised tools in only

one study (Thompsonone study (Thompson et alet al, 2001). Finally,, 2001). Finally,

it is well known that low birth weight re-it is well known that low birth weight re-

flects not only foetal growth but also lengthflects not only foetal growth but also length

of gestation, yet gestational length hasof gestation, yet gestational length has

rarely been a focus in the previous studiesrarely been a focus in the previous studies

– either this information has not been avail-– either this information has not been avail-

able (Thompsonable (Thompson et alet al, 2001; Osler, 2001; Osler et alet al,,

2005) or it has been available but assigned2005) or it has been available but assigned

the status of a covariable (Cheungthe status of a covariable (Cheung et alet al,,

2002; Gale & Martyn, 2004). Interestingly,2002; Gale & Martyn, 2004). Interestingly,

however, recent studies have revealed thathowever, recent studies have revealed that

independent of birth weight, shorter gesta-independent of birth weight, shorter gesta-

tional length predicts increased risk oftional length predicts increased risk of

stroke, cerebrovascular disease and highstroke, cerebrovascular disease and high

blood pressure (Jarvelinblood pressure (Järvelin et alet al, 2004; Koupil, 2004; Koupil

et alet al 2005; Lawlor2005; Lawlor et alet al, 2005). This sug-, 2005). This sug-

gests that body size at birth and gestationalgests that body size at birth and gestational

length may both have unique predictivelength may both have unique predictive

power and reflect foetal growth-relatedpower and reflect foetal growth-related

processes that are under different physio-processes that are under different physio-

logical controls. Thus, we tested whetherlogical controls. Thus, we tested whether

smaller body size at birth and shorter lengthsmaller body size at birth and shorter length

of gestation predict, independently of eachof gestation predict, independently of each

other, depressive symptoms rated usingother, depressive symptoms rated using

the Beck Depression Inventory (BDI; Beckthe Beck Depression Inventory (BDI; Beck

et alet al, 1988) and the Center for Epidemiolo-, 1988) and the Center for Epidemiolo-

gical Studies Depression scale (CES–D;gical Studies Depression scale (CES–D;

Radloff, 1977) on two separate occasionsRadloff, 1977) on two separate occasions

at ages 61.5 years (BDI) and 63.4 yearsat ages 61.5 years (BDI) and 63.4 years

(BDI and CES–D) among men and women(BDI and CES–D) among men and women

born between 1934 and 1944 at term inborn between 1934 and 1944 at term in

Helsinki.Helsinki.

METHODMETHOD

The study cohort consisted of men andThe study cohort consisted of men and

women born at Helsinki University Centralwomen born at Helsinki University Central

Hospital during the decade 1934–1944. WeHospital during the decade 1934–1944. We

identified 4630 men and 4130 women whoidentified 4630 men and 4130 women who

had birth and child welfare records andhad birth and child welfare records and

were living in Finland in 1971 (when awere living in Finland in 1971 (when a

unique personal identification number wasunique personal identification number was

allocated to each member of the Finnishallocated to each member of the Finnish

population). The population has been de-population). The population has been de-

scribed in detail elsewhere (Barkerscribed in detail elsewhere (Barker et alet al,,

2005).2005).

At a mean age of 61.5 years (s.d.At a mean age of 61.5 years (s.d.¼2.9,2.9,

range 56.7–69.8) – time 1 – a subset ofrange 56.7–69.8) – time 1 – a subset of

2690 (1413 women and 1277 men) were2690 (1413 women and 1277 men) were

invited to participate in the clinical examin-invited to participate in the clinical examin-

ation. They were selected from the initialation. They were selected from the initial

study population using random number ta-study population using random number ta-

bles, as described by Barkerbles, as described by Barker et alet al (2005). Of(2005). Of

this subset, 1075 women and 928 men par-this subset, 1075 women and 928 men par-

ticipated. Fourteen of the non-participantsticipated. Fourteen of the non-participants

had died, others declined or could not behad died, others declined or could not be

reached. The participants were more fre-reached. The participants were more fre-

quently women than the non-participantsquently women than the non-participants

((PP¼0.04), reflecting our initial random0.04), reflecting our initial random

selection of 200 women to undergo screen-selection of 200 women to undergo screen-

ing for osteoporosis, and subsequenting for osteoporosis, and subsequent

random selection of both genders. Afterrandom selection of both genders. After

adjusting for the gender difference, parti-adjusting for the gender difference, parti-

cipants and non-participants did not differcipants and non-participants did not differ

significantly from each other in body sizesignificantly from each other in body size

at birth (weight, length, head circumfer-at birth (weight, length, head circumfer-

ence), length of gestation, maternal charac-ence), length of gestation, maternal charac-

teristics (height, weight in late pregnancy)teristics (height, weight in late pregnancy)

or social class at birth based on father’sor social class at birth based on father’s

occupation (alloccupation (all PP440.07), except that the0.07), except that the

participants had higher ponderal indexparticipants had higher ponderal index

(kg/m(kg/m33) at birth () at birth (PP¼0.05) and their mothers0.05) and their mothers

were older (were older (PP¼0.01) and had a higher body0.01) and had a higher body

mass index (kg/mmass index (kg/m22) in late pregnancy) in late pregnancy

((PP¼0.04) (data not shown).0.04) (data not shown).
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At a mean average age of 63.4 yearsAt a mean average age of 63.4 years

(s.d.(s.d.¼2.9, range2.9, range¼59.7–70.7) – time 259.7–70.7) – time 2

(mean interval between time 1 and time 2(mean interval between time 1 and time 2

1.9 years, s.d.1.9 years, s.d.¼0.7, range 0.4–3.3) – a psy-0.7, range 0.4–3.3) – a psy-

chological survey was sent by post to thechological survey was sent by post to the

members of the randomly selected samplemembers of the randomly selected sample

who were still traceable (who were still traceable (nn¼1975). Of this1975). Of this

group, 1704 participants (951 women andgroup, 1704 participants (951 women and

753 men) returned the survey. Of the753 men) returned the survey. Of the

1664 participants having complete data1664 participants having complete data

available on depressive symptoms at timeavailable on depressive symptoms at time

1 and time 2, 1371 (752 women and 6191 and time 2, 1371 (752 women and 619

men) were born at term (259–294 days’men) were born at term (259–294 days’

gestation). They formed the sample of thegestation). They formed the sample of the

current study: they were more likely to becurrent study: they were more likely to be

women (women (PP¼0.0001), and, even after adjust-0.0001), and, even after adjust-

ing for the gender difference, they wereing for the gender difference, they were

taller as adults (taller as adults (PP¼0.005) and less depres-0.005) and less depres-

sed (sed (PP550.002) when compared with the0.002) when compared with the

rest of the randomly selected subset of therest of the randomly selected subset of the

randomly selected participants at time 1randomly selected participants at time 1

born at term (data not shown). Theseborn at term (data not shown). These

groups did not differ from each other ingroups did not differ from each other in

body size at birth, length of gestation, inbody size at birth, length of gestation, in

maternal characteristics (age, height,maternal characteristics (age, height,

weight, body mass index in late pregnancy)weight, body mass index in late pregnancy)

or in social class at birth based on father’sor in social class at birth based on father’s

occupation, or in age, weight, body massoccupation, or in age, weight, body mass

index or level of education at time 1 (allindex or level of education at time 1 (all

PP440.20) (data not shown). The ethics0.20) (data not shown). The ethics

committee of the National Public Healthcommittee of the National Public Health

Institute approved this project, and allInstitute approved this project, and all

participants gave written informed consent.participants gave written informed consent.

MeasuresMeasures

The BDI (BeckThe BDI (Beck et alet al, 1988) and the CES–D, 1988) and the CES–D

(Radloff, 1977) were used to measure the(Radloff, 1977) were used to measure the

severity and frequency of depressive symp-severity and frequency of depressive symp-

toms. These measures are the two most fre-toms. These measures are the two most fre-

quently used and well-validated self-reportquently used and well-validated self-report

screening tools for depressive symptoms.screening tools for depressive symptoms.

The BDI consists of 21 items assessingThe BDI consists of 21 items assessing

symptoms of depression during the pre-symptoms of depression during the pre-

vious 2 weeks. Each item contains fourvious 2 weeks. Each item contains four

statements reflecting varying degrees ofstatements reflecting varying degrees of

symptom severity. Respondents are in-symptom severity. Respondents are in-

structed to circle the number (0–3) thatstructed to circle the number (0–3) that

corresponds with the statement that bestcorresponds with the statement that best

describes them; higher scores indicate in-describes them; higher scores indicate in-

creasing severity. Ratings are summed tocreasing severity. Ratings are summed to

calculate a total BDI score, which can rangecalculate a total BDI score, which can range

from 0 to 63. The CES–D consists of 20from 0 to 63. The CES–D consists of 20

items assessing the frequency of depressiveitems assessing the frequency of depressive

symptoms during the preceding week. Eachsymptoms during the preceding week. Each

item is rated on a four-point scale rangingitem is rated on a four-point scale ranging

from 0 (not at all/less than a day) to 3 (allfrom 0 (not at all/less than a day) to 3 (all

the time/5–7 days a week). Ratings arethe time/5–7 days a week). Ratings are

summed to calculate a total CES–D score,summed to calculate a total CES–D score,

which can range from 0 to 60. Althoughwhich can range from 0 to 60. Although

the BDI and the CES–D are designed tothe BDI and the CES–D are designed to

screen but not diagnose major depression,screen but not diagnose major depression,

BDI cut-off scores of 10, 19 and 30 or moreBDI cut-off scores of 10, 19 and 30 or more

are indicative of mild to moderate, moder-are indicative of mild to moderate, moder-

ate to severe and severe depressive symp-ate to severe and severe depressive symp-

toms respectively, and a CES–D cut-offtoms respectively, and a CES–D cut-off

score of 16 or more suggests more frequentscore of 16 or more suggests more frequent

experience of depressive symptoms. The in-experience of depressive symptoms. The in-

ternal reliability coefficients (Cronbach’sternal reliability coefficients (Cronbach’s aa))

of the BDI and the CES–D ranged fromof the BDI and the CES–D ranged from

0.81 to 0.91. The BDI scores measured at0.81 to 0.91. The BDI scores measured at

time 1 and time 2 (time 1 and time 2 (rr¼0.79,0.79, PP550.001) and0.001) and

the BDI and the CES–D scores measured atthe BDI and the CES–D scores measured at

time 2 (time 2 (rr¼0.64,0.64, PP550.001) were significantly0.001) were significantly

associated.associated.

Data on the newborn’s date of birth,Data on the newborn’s date of birth,

weight (g), length (cm) and head circumfer-weight (g), length (cm) and head circumfer-

ence (cm), and the mother’s height (cm) andence (cm), and the mother’s height (cm) and

weight (kg) in late pregnancy, age and theweight (kg) in late pregnancy, age and the

date of the last menstrual period, as welldate of the last menstrual period, as well

as social class (lower, lower middle, upperas social class (lower, lower middle, upper

middle, middle) based on father’s occupa-middle, middle) based on father’s occupa-

tion, were extracted from birth records.tion, were extracted from birth records.

Adult height (cm) and weight (kg) as wellAdult height (cm) and weight (kg) as well

as level of education (elementary school,as level of education (elementary school,

vocational school, senior high school,vocational school, senior high school,

college/university degree) were measuredcollege/university degree) were measured

in conjunction with the clinical examin-in conjunction with the clinical examin-

ation at time 1. Body mass index (BMI)ation at time 1. Body mass index (BMI)

was calculated in kg/mwas calculated in kg/m22..

SStatistical analysestatistical analyses

We used multiple linear regression analysesWe used multiple linear regression analyses

to assess the relation of body size at birthto assess the relation of body size at birth

and length of gestation with depressiveand length of gestation with depressive

symptoms. Because depressive symptomssymptoms. Because depressive symptoms

measured by the BDI at time 1 and time 2measured by the BDI at time 1 and time 2

were significantly associated, and the meanwere significantly associated, and the mean

level of the scores did not show significantlevel of the scores did not show significant

change over time (change over time (FF(1,1369)(1,1369)¼1.36,1.36,

PP¼0.24 in repeated-measures analysis of0.24 in repeated-measures analysis of

covariance adjusting for gender), the BDIcovariance adjusting for gender), the BDI

scores were averaged across time 1 andscores were averaged across time 1 and

time 2 for the analyses. We adjusted fortime 2 for the analyses. We adjusted for

gender and length of gestation in the ana-gender and length of gestation in the ana-

lyses of body size, and for gender and birthlyses of body size, and for gender and birth

weight in the analyses of duration of gesta-weight in the analyses of duration of gesta-

tion (tion (rr¼0.30, 0.29 and 0.28 between dura-0.30, 0.29 and 0.28 between dura-

tion of gestation and weight, length andtion of gestation and weight, length and

head circumference at birth respectively;head circumference at birth respectively;

allall PP550.001). We repeated the analyses0.001). We repeated the analyses

after further adjusting for other factorsafter further adjusting for other factors

potentially confounding the associations,potentially confounding the associations,

i.e. social class at birth, adult level ofi.e. social class at birth, adult level of

education, age at the time of measuringeducation, age at the time of measuring

depressive symptoms and adult BMI.depressive symptoms and adult BMI.

Despite the significant rank order andDespite the significant rank order and

mean level stability of the BDI scores frommean level stability of the BDI scores from

time 1 to time 2, and concurrent consistencytime 1 to time 2, and concurrent consistency

of the BDI and the CES–D scores at time 2,of the BDI and the CES–D scores at time 2,

these were not in perfect agreement. There-these were not in perfect agreement. There-

fore, by using logistic regressions wefore, by using logistic regressions we

assessed the effect of body size at birthassessed the effect of body size at birth

and length of gestation on dichotomisedand length of gestation on dichotomised

variables describing the consistency of de-variables describing the consistency of de-

pressive symptoms across time (BDI scorespressive symptoms across time (BDI scores

at time 1 and time 2) and across measuresat time 1 and time 2) and across measures

(BDI and CES–D scores at time 2). By using(BDI and CES–D scores at time 2). By using

the widely accepted cut-off points of 10 orthe widely accepted cut-off points of 10 or

above for the BDI (indicating at least mildabove for the BDI (indicating at least mild

symptom severity; Becksymptom severity; Beck et alet al, 1988) and, 1988) and

16 or above for the CES–D (indicating16 or above for the CES–D (indicating

more frequent experience of depressivemore frequent experience of depressive

symptoms; Radloff, 1977), we comparedsymptoms; Radloff, 1977), we compared

first participants who had BDI scores offirst participants who had BDI scores of

10 or above at both time 1 and time 2 with10 or above at both time 1 and time 2 with

participants whose BDI scores were belowparticipants whose BDI scores were below

10 on both occasions, and second, parti-10 on both occasions, and second, parti-

cipants whose BDI and CES–D scores werecipants whose BDI and CES–D scores were

both at or above the cut-off points at time 2both at or above the cut-off points at time 2

with those who scored below these cut-offwith those who scored below these cut-off

points on the two measures. The logisticpoints on the two measures. The logistic

regressions were adjusted for the sameregressions were adjusted for the same

variables as the linear regressions describedvariables as the linear regressions described

above.above.

We used body size at birth (weight inWe used body size at birth (weight in

kg, and length and head circumference inkg, and length and head circumference in

cm) and length of gestation (days) in thecm) and length of gestation (days) in the

analyses as continuous measures. However,analyses as continuous measures. However,

because there are data suggesting that indi-because there are data suggesting that indi-

viduals born weighing 2.5 kg or less areviduals born weighing 2.5 kg or less are

particularly susceptible to later physicalparticularly susceptible to later physical

adversities and depressive symptoms (e.g.adversities and depressive symptoms (e.g.

Gale & Martyn, 2004), we tested in addi-Gale & Martyn, 2004), we tested in addi-

tional analyses, whether those born weigh-tional analyses, whether those born weigh-

ing 2.5 kg or less differed from thoseing 2.5 kg or less differed from those

weighing more than 2.5 kg in depressiveweighing more than 2.5 kg in depressive

symptomatology. The BDI and the CES–Dsymptomatology. The BDI and the CES–D

scores were log-transformed (log+1) to nor-scores were log-transformed (log+1) to nor-

malise the skewed distributions. However,malise the skewed distributions. However,

to facilitate interpretation, exponentialto facilitate interpretation, exponential

function was used to reconvert the coeffi-function was used to reconvert the coeffi-

cients. We also tested whether any of thesecients. We also tested whether any of these

associations varied for men and women byassociations varied for men and women by

including interaction terms in the models.including interaction terms in the models.

In no instance was there a significant gen-In no instance was there a significant gen-

der interaction term (der interaction term (PP440.15) (data not0.15) (data not

shown). For this reason we report theshown). For this reason we report the

results in both genders combined.results in both genders combined.

RESULTSRESULTS

Table 1 presents the characteristics of theTable 1 presents the characteristics of the

sample categorised by gender. Comparedsample categorised by gender. Compared

with the women, the men were heavier,with the women, the men were heavier,

taller and had a greater head circumferencetaller and had a greater head circumference

at birth. The women scored higher onat birth. The women scored higher on

depressive symptoms and more frequentlydepressive symptoms and more frequently

belonged to the groups exhibiting increasedbelonged to the groups exhibiting increased
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depressive symptoms. Analyses testing thedepressive symptoms. Analyses testing the

effect of the other confounders on depres-effect of the other confounders on depres-

sive symptoms showed that, after adjustingsive symptoms showed that, after adjusting

for gender, scores of depressive symptomsfor gender, scores of depressive symptoms

were higher among those who were olderwere higher among those who were older

(BDI,(BDI, PP¼0.001; CES–D,0.001; CES–D, PP¼0.06), had0.06), had

lower levels of education in adulthoodlower levels of education in adulthood

((PP550.008) and had greater BMI in adult-0.008) and had greater BMI in adult-

hood (hood (PP550.004). Depressive symptoms0.004). Depressive symptoms

scores were not affected by social class atscores were not affected by social class at

birth (birth (PP440.08) (data not shown).0.08) (data not shown).

Length of gestation and depressiveLength of gestation and depressive
symptomssymptoms

Table 2 shows that, after adjusting for genderTable 2 shows that, after adjusting for gender

and birth weight, depressive symptom scoresand birth weight, depressive symptom scores

increased by 0.8–0.9% per day decrease inincreased by 0.8–0.9% per day decrease in

length of gestation. Adjusting further for thelength of gestation. Adjusting further for the

other confounders (social class at birth, edu-other confounders (social class at birth, edu-

cational attainment, age at the time of testing,cational attainment, age at the time of testing,

adult BMI) did not alter the magnitude ofadult BMI) did not alter the magnitude of

these associations (Table 2).these associations (Table 2).

When we compared participants whoseWhen we compared participants whose

BDI scores were 10 or above (theBDI scores were 10 or above (the

commonly accepted cut-off score for mildcommonly accepted cut-off score for mild

depressive symptoms) at both time 1 anddepressive symptoms) at both time 1 and

time 2 (45 men and 107 women) with par-time 2 (45 men and 107 women) with par-

ticipants whose BDI scores were below 10ticipants whose BDI scores were below 10

at both times (497 men and 485 women),at both times (497 men and 485 women),

we found that the odds of belonging towe found that the odds of belonging to

the former relative to the latter group in-the former relative to the latter group in-

creased significantly for each day’s decreasecreased significantly for each day’s decrease

in length of gestation (ORin length of gestation (OR¼0.96, 95% CI0.96, 95% CI

0.94–0.98; i.e. a 4.2% increase in risk)0.94–0.98; i.e. a 4.2% increase in risk)

(Table 3). The difference was independent(Table 3). The difference was independent

of gender and birth weight. Also indepen-of gender and birth weight. Also indepen-

dently of gender and birth weight, the oddsdently of gender and birth weight, the odds

of belonging to the group whose BDI andof belonging to the group whose BDI and

CES–D scores both exceeded the cut-offCES–D scores both exceeded the cut-off

points at time 2 (53 men and 108 women)points at time 2 (53 men and 108 women)

rather than the group in which neither scorerather than the group in which neither score

exceeded these levels (495 men and 521exceeded these levels (495 men and 521

women) was increased significantly forwomen) was increased significantly for

each day’s decrease in length of gestationeach day’s decrease in length of gestation

(OR(OR¼0.97, 95% CI 0.95–0.99, i.e. a0.97, 95% CI 0.95–0.99, i.e. a

3.1% increase in risk). Adjusting further3.1% increase in risk). Adjusting further

for the other confounders did not changefor the other confounders did not change

these associations (Table 3).these associations (Table 3).

Body size at birth and depressiveBody size at birth and depressive
symptomssymptoms

Multiple linear regression analyses showedMultiple linear regression analyses showed

that – after adjusting for gender and lengththat – after adjusting for gender and length

of gestation – weight, length and head cir-of gestation – weight, length and head cir-

cumference at birth showed no significantcumference at birth showed no significant

linear association with depressive symptomlinear association with depressive symptom

scores (Tables 2 and 3). However, when wescores (Tables 2 and 3). However, when we

compared participants weighing 2.5 kg orcompared participants weighing 2.5 kg or

less at birth (15 men and 16 women) withless at birth (15 men and 16 women) with

those weighing over 2.5 kg at birth (604those weighing over 2.5 kg at birth (604

men and 736 women) we found that thosemen and 736 women) we found that those

in the low birth weight group had 47.4%in the low birth weight group had 47.4%

(95% CI 11.9–94.3,(95% CI 11.9–94.3, PP¼0.006) higher BDI0.006) higher BDI

scores and 35.5%scores and 35.5% (95% CI 0.00–84.2,(95% CI 0.00–84.2,

PP¼0.05) higher CES–D0.05) higher CES–D scores, and werescores, and were

3.1 times (95% CI 1.3–7.4,3.1 times (95% CI 1.3–7.4, PP¼0.01) more0.01) more

likely to have BDI scores exceeding the mildlikely to have BDI scores exceeding the mild

severity cut-off point at both time 1 andseverity cut-off point at both time 1 and

time 2, and 3.7 times (95% CI 1.6–8.6,time 2, and 3.7 times (95% CI 1.6–8.6,

PP¼0.002) more likely to have both BDI0.002) more likely to have both BDI

and CES–D scores exceeding mild severityand CES–D scores exceeding mild severity

and moderate frequency cut-off points atand moderate frequency cut-off points at

time 2, independent of gender and lengthtime 2, independent of gender and length

of gestation. Adjusting for the other con-of gestation. Adjusting for the other con-

founders did not change these associationsfounders did not change these associations

((PP550.02), except that association with0.02), except that association with

CES–D scores was rendered non-significantCES–D scores was rendered non-significant

((PP¼0.07) (data not shown). Figure 1 com-0.07) (data not shown). Figure 1 com-

pares the BDI and the CES–D scores forpares the BDI and the CES–D scores for

the two birth-weight groups.the two birth-weight groups.

DISCUSSIONDISCUSSION

The underlying causes of depression are in-The underlying causes of depression are in-

completely understood. The importance ofcompletely understood. The importance of

studying early origins of depression is high-studying early origins of depression is high-

lighted by the developmental origin oflighted by the developmental origin of

health and disease hypothesis as well ashealth and disease hypothesis as well as

by previous epidemiological studies. Thisby previous epidemiological studies. This

study of depressive symptoms among mem-study of depressive symptoms among mem-

bers of the Helsinki Birth Cohort Studybers of the Helsinki Birth Cohort Study

born in the years 1934–1944 is unique inborn in the years 1934–1944 is unique in

that randomly selected members were fol-that randomly selected members were fol-

lowed up to the average age of 64 years.lowed up to the average age of 64 years.

The study sample represented term births,The study sample represented term births,

i.e. gestational length 259–294 days, andi.e. gestational length 259–294 days, and

was therefore not beset by the confoundingwas therefore not beset by the confounding

symptoms and disorders that often accom-symptoms and disorders that often accom-

pany prematurity and postmaturity.pany prematurity and postmaturity.

Furthermore, depression was measured onFurthermore, depression was measured on

two separate occasions during the follow-two separate occasions during the follow-

up a mean of 2 years apart, at mean agesup a mean of 2 years apart, at mean ages

of 61.5 years and 63.4 years. Two of theof 61.5 years and 63.4 years. Two of the

most frequently used and well-validatedmost frequently used and well-validated

screening tools for severity (the BDI) andscreening tools for severity (the BDI) and

frequency (the CES–D) of depressive symp-frequency (the CES–D) of depressive symp-

toms were used, and detailed maternal andtoms were used, and detailed maternal and
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Table1Table1 Characteristics of the sampleCharacteristics of the sample

Men (Men (nn¼619)619) Women (Women (nn¼752)752) tt ww22 PP

At birthAt birth

Gestation, days: mean (s.d.)Gestation, days: mean (s.d.) 278.4278.4 (8.4)(8.4) 279.1279.1 (8.3)(8.3) 771.41.4 550.150.15

Weight, kg: mean (s.d.)Weight, kg: mean (s.d.) 3.53.5 (0.5)(0.5) 3.43.4 (0.4)(0.4) 5.55.5 550.000.0011

Length, cm: mean (s.d.)Length, cm: mean (s.d.)11 50.850.8 (1.9)(1.9) 50.150.1 (1.7)(1.7) 7.27.2 550.000.0011

Head circumference, cm: meanHead circumference, cm: mean

(s.d.)(s.d.)22
35.535.5 (1.4)(1.4) 34.934.9 (1.4)(1.4) 8.88.8 550.000.0011

Adult at time1Adult at time1

Age, years: mean (s.d.)Age, years: mean (s.d.) 61.561.5 (2.8)(2.8) 61.661.6 (3.1)(3.1) 770.30.3 550.770.77

BDI score: mean (s.d.)BDI score: mean (s.d.) 4.74.7 (4.4)(4.4) 6.56.5 (5.6)(5.6) 776.36.3 550.000.0011

Symptom severity,Symptom severity, nn (%)(%)

None (None (5510)10) 541541 (87.4)(87.4) 574574 (76.3)(76.3) 28.328.3 550.000.0011

Mild (10^18)Mild (10^18) 6969 (11.1)(11.1) 150150 (19.9)(19.9)

Moderate (19^29)Moderate (19^29) 77 (1.1)(1.1) 2424 (3.2)(3.2)

Severe (Severe (5530)30) 22 (0.3)(0.3) 44 (0.5)(0.5)

Adult at time 2Adult at time 2

Age, years: mean (s.d.)Age, years: mean (s.d.) 63.363.3 (2.7)(2.7) 63.563.5 (3.0)(3.0) 771.751.75 550.090.09

BDI score: mean (s.d.)BDI score: mean (s.d.) 4.64.6 (5.4)(5.4) 6.76.7 (6.5)(6.5) 777.77.7 550.0010.001

Symptom severity,Symptom severity, nn (%)(%)

None (None (5510)10) 530530 (85.6)(85.6) 566566 (75.3)(75.3) 24.024.0 550.0010.001

Mild (10^18)Mild (10^18) 6666 (10.7)(10.7) 143143 (19.0)(19.0)

Moderate (19^29)Moderate (19^29) 2121 (3.4)(3.4) 3535 (4.7)(4.7)

Severe (Severe (5530)30) 22 (0.3)(0.3) 88 (1.1)(1.1)

CES^D score: mean (s.d.)CES^D score: mean (s.d.) 8.28.2 (7.6)(7.6) 10.210.2 (8.6)(8.6) 774.54.5 550.0010.001

Symptom frequency,Symptom frequency, nn (%)(%)

None (None (5516)16) 531531 (85.8)(85.8) 599599 (79.7)(79.7) 8.88.8 550.0030.003

More frequent (More frequent (5516)16) 8888 (14.2)(14.2) 153153 (20.3)(20.3)

BDI, Beck Depression Inventory; CES^D,Center for Epidemiological Studies ^ Depression.BDI, Beck Depression Inventory; CES^D,Center for Epidemiological Studies ^ Depression.
1. Men,1. Men, nn¼612; women,612; women, nn¼746.746.
2. Men,2. Men, nn¼611; women,611; women, nn¼741.741.
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neonatal characteristics were availableneonatal characteristics were available

from birth records.from birth records.

Our results indicate that length of ges-Our results indicate that length of ges-

tation, at term range of gestation, consis-tation, at term range of gestation, consis-

tently predicted depressive symptoms latertently predicted depressive symptoms later

in life. Although the associations were notin life. Although the associations were not

large in magnitude – 0.8–0.9% increase inlarge in magnitude – 0.8–0.9% increase in

depressive symptoms per day decrease indepressive symptoms per day decrease in

gestational length – they represent effectsgestational length – they represent effects

that are continuous and not accounted forthat are continuous and not accounted for

by birth weight or gender, or by social classby birth weight or gender, or by social class

at birth, educational attainment, age at theat birth, educational attainment, age at the

time of testing or BMI score in adulthood.time of testing or BMI score in adulthood.

Further, the risk of depressive symptomFurther, the risk of depressive symptom

scores staying above the cut-off point ofscores staying above the cut-off point of

mild severity (BDImild severity (BDI 5510) for a mean period10) for a mean period

of 2 years (range 0.4–3.3) was increased byof 2 years (range 0.4–3.3) was increased by

over 4%, and above the cut-off points ofover 4%, and above the cut-off points of

mild severity (BDImild severity (BDI 5510) and moderate fre-10) and moderate fre-

quency (CES–Dquency (CES–D 5516) on the two measures16) on the two measures

concurrently was increased by over 3% perconcurrently was increased by over 3% per

day decrease in gestational length. Theseday decrease in gestational length. These

effects were not accounted for by birtheffects were not accounted for by birth

weight, gender or the other covariates.weight, gender or the other covariates.

After adjusting for gender and length ofAfter adjusting for gender and length of

gestation there was no association betweengestation there was no association between

any measure of depressive symptoms andany measure of depressive symptoms and

the full range of variation in birth weight,the full range of variation in birth weight,

length and head circumference. However,length and head circumference. However,

after adjusting for gender and length ofafter adjusting for gender and length of

gestation, a comparison of those whosegestation, a comparison of those whose

birth weight was 2.5 kg or less with thosebirth weight was 2.5 kg or less with those

born weighing over 2.5 kg showed thatborn weighing over 2.5 kg showed that

the former scored significantly higher onthe former scored significantly higher on

depressive symptoms, had a 3.1 timesdepressive symptoms, had a 3.1 times

greater risk of experiencing increased de-greater risk of experiencing increased de-

pressive symptoms over time and a 3.7pressive symptoms over time and a 3.7

times greater risk of experiencing increasedtimes greater risk of experiencing increased

depressive symptoms across measures.depressive symptoms across measures.

These associations did not change whenThese associations did not change when

adjusting further for social class at birth,adjusting further for social class at birth,

educational attainment, age at the time ofeducational attainment, age at the time of

testing and adult BMI.testing and adult BMI.

An association between lower birthAn association between lower birth

weight and depression, evaluated at the ageweight and depression, evaluated at the age

of 68 years by means of the self-reportedof 68 years by means of the self-reported

Geriatric Depression Scale and the GeriatricGeriatric Depression Scale and the Geriatric

Mental State semi-structured interview con-Mental State semi-structured interview con-

ducted by trained research nurses, has beenducted by trained research nurses, has been

shown among men born in Hertfordshire,shown among men born in Hertfordshire,

England (ThompsonEngland (Thompson et alet al, 2001). However,, 2001). However,

the data from the Hertfordshire cohort didthe data from the Hertfordshire cohort did

not include length of gestation, and thus itnot include length of gestation, and thus it

remains unclear whether the association isremains unclear whether the association is

attributable to slower intrauterine growth,attributable to slower intrauterine growth,

shorter length of gestation, or both. A roleshorter length of gestation, or both. A role

of slow intrauterine growth is argued forof slow intrauterine growth is argued for

by studies in 26-year-old women (Gale &by studies in 26-year-old women (Gale &

Martyn, 2004)Martyn, 2004) and in women and men atand in women and men at

ages 23, 33 and 42 years (Cheungages 23, 33 and 42 years (Cheung et alet al,,

2002) showing that the association between2002) showing that the association between

lower birth weight and depressive symptoms,lower birth weight and depressive symptoms,

measured by the self-reported Malaise In-measured by the self-reported Malaise In-

ventory (Rutterventory (Rutter et alet al, 1970) is present –, 1970) is present –

even though slightly weakened – aftereven though slightly weakened – after

adjustment for gestational length. As-adjustment for gestational length. As-

sociations between gestational length andsociations between gestational length and

depression were not, however, reported indepression were not, however, reported in

these studies (Cheungthese studies (Cheung et alet al, 2002; Gale &, 2002; Gale &

Martyn, 2004). Together with the resultsMartyn, 2004). Together with the results

of our study, these findings suggest thatof our study, these findings suggest that

mechanisms linking early environment withmechanisms linking early environment with

late-life susceptibility to depressive symp-late-life susceptibility to depressive symp-

toms might include mechanisms leading totoms might include mechanisms leading to

shorter duration of gestation as well asshorter duration of gestation as well as

those related to slower intrauterine growth.those related to slower intrauterine growth.

Early physiological adaptation – par-Early physiological adaptation – par-

ticularly of the hypothalamic pituitary–ticularly of the hypothalamic pituitary–

adrenal (HPA) axis – to hormonal respon-adrenal (HPA) axis – to hormonal respon-

ses, to maternal-foetal malnutrition and toses, to maternal-foetal malnutrition and to

other adverse intrauterine events may lieother adverse intrauterine events may lie

beneath the associations. Supporting thebeneath the associations. Supporting the

role of maternal–foetal undernutrition inrole of maternal–foetal undernutrition in

mental ill health are findings from themental ill health are findings from the

Dutch Hunger Winter of 1944–1945,Dutch Hunger Winter of 1944–1945,

showing that male and female foetusesshowing that male and female foetuses

exposed to famine during middle to lateexposed to famine during middle to late

gestation may experience major affectivegestation may experience major affective

disorders in adulthood (Browndisorders in adulthood (Brown et alet al,,

1995, 2000). In support of a role for1995, 2000). In support of a role for

hormonal mechanisms, altered activity ofhormonal mechanisms, altered activity of

the HPA axis is among the most consistentlythe HPA axis is among the most consistently

demonstrated biological abnormalities indemonstrated biological abnormalities in
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Table 2Table 2 Percentage change in depressive symptom scores according to unit change in length of gestation and body size at birthPercentage change in depressive symptom scores according to unit change in length of gestation and body size at birth

BDIBDI11 CES^DCES^D22

Characteristic at birth as a continuous variableCharacteristic at birth as a continuous variable BB (95% CI)(95% CI) PP BB (95% CI)(95% CI) PP

Length of gestation, daysLength of gestation, days

Adjusted for genderAdjusted for gender 770.9 (0.9 (771.4 to1.4 to770.4)0.4) 0.0010.001 770.7 (0.7 (771.3 to1.3 to770.2)0.2) 0.0070.007

Adjusted for gender and birth weightAdjusted for gender and birth weight 770.9 (0.9 (771.4 to1.4 to770.4)0.4) 0.0010.001 770.8 (0.8 (771.3 to1.3 to770.2)0.2) 0.0090.009

Fully adjustedFully adjusted33 770.9 (0.9 (771.4 to1.4 to770.4)0.4) 0.0010.001 770.8 (0.8 (771.3 to1.3 to770.2)0.2) 0.010.01

Weight, kgWeight, kg

Adjusted for genderAdjusted for gender 773.5 (3.5 (7713.3 to 5.9)13.3 to 5.9) 0.460.46 773.5 (3.5 (7714.5 to 6.9)14.5 to 6.9) 0.510.51

Adjusted for gender and length of gestationAdjusted for gender and length of gestation 1.8 (1.8 (778.0 to 12.1)8.0 to 12.1) 0.700.70 1.0 (1.0 (7710.1 to 12.3)10.1 to 12.3) 0.850.85

Fully adjustedFully adjusted33 771.2 (1.2 (7711.4 to 8.8)11.4 to 8.8) 0.810.81 770.1 (0.1 (7710.4 to 12.4)10.4 to 12.4) 0.870.87

Length, cmLength, cm

Adjusted for genderAdjusted for gender 770.1 (0.1 (773.3 to 1.4)3.3 to 1.4) 0.460.46 772.1 (2.1 (774.7 to 0.5)4.7 to 0.5) 0.110.11

Adjusted for gender and length of gestationAdjusted for gender and length of gestation 0.0 (0.0 (772.2 to 2.8)2.2 to 2.8) 0.720.72 771.1 (1.1 (773.8 to 1.6)3.8 to 1.6) 0.440.44

Fully adjustedFully adjusted33 0.0 (0.0 (772.2 to 2.6)2.2 to 2.6) 0.870.87 771.0 (1.0 (773.7 to 1.7)3.7 to 1.7) 0.490.49

Head circumference, cmHead circumference, cm

Adjusted for genderAdjusted for gender 772.1 (2.1 (775.1 to 0.1)5.1 to 0.1) 0.160.16 770.5 (0.5 (773.9 to 2.8)3.9 to 2.8) 0.770.77

Adjusted for gender and length of gestationAdjusted for gender and length of gestation 770.1 (0.1 (773.8 to 2.5)3.8 to 2.5) 0.710.71 0.1 (0.1 (772.5 to 4.4)2.5 to 4.4) 0.610.61

Fully adjustedFully adjusted33 770.1 (0.1 (773.6 to 2.5)3.6 to 2.5) 0.750.75 1.2 (1.2 (772.3 to 4.7)2.3 to 4.7) 0.510.51

BDI, Beck Depression Inventory; CES^D,Center for Epidemiological Studies ^ Depression.BDI, Beck Depression Inventory; CES^D,Center for Epidemiological Studies ^ Depression.
1. BDI scores are averaged across time1and time 2, an average 2 years apart.1. BDI scores are averaged across time1and time 2, an average 2 years apart.
2. CES^D scores aremeasured at time 2.2. CES^D scores aremeasured at time 2.
3. Adjusted for gender, birth weight (length of gestation), length of gestation (birth weight), social class at birth, educational attainment, age and bodymass index in adulthood.3. Adjusted for gender, birth weight (length of gestation), length of gestation (birth weight), social class at birth, educational attainment, age and bodymass index in adulthood.
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depression (Browndepression (Brown et alet al, 2004); this hormo-, 2004); this hormo-

nal axis is involved in the timing of parturi-nal axis is involved in the timing of parturi-

tion (McLean & Smith, 2001) andtion (McLean & Smith, 2001) and

increased activity of the axis in adulthoodincreased activity of the axis in adulthood

characterises individuals who were borncharacterises individuals who were born

earlier in gestation and smaller (Phillipsearlier in gestation and smaller (Phillips etet

alal, 2000; Kajantie, 2000; Kajantie et alet al, 2002). Other, 2002). Other

hormonal mechanisms may be involved ashormonal mechanisms may be involved as

well. Nor can we rule out genetic mechan-well. Nor can we rule out genetic mechan-

isms: there is evidence that depressiveisms: there is evidence that depressive

symptoms are at least moderately heritablesymptoms are at least moderately heritable

(Agrawal(Agrawal et alet al, 2004). Evidence also exists, 2004). Evidence also exists

linking maternal prenatal distress withlinking maternal prenatal distress with

shorter length of gestation (Glynnshorter length of gestation (Glynn et alet al,,

2001) and with less optimal psychological2001) and with less optimal psychological

development of the offspring (O’Connordevelopment of the offspring (O’Connor

et alet al, 2003; Van den Bergh, 2003; Van den Bergh et alet al, 2005)., 2005).

Thus, the association found between short-Thus, the association found between short-

er length of gestation and depressive symp-er length of gestation and depressive symp-

toms might reflect an underlying genetictoms might reflect an underlying genetic

mechanism: mothers with depression mightmechanism: mothers with depression might

through associated hormonal mechanismsthrough associated hormonal mechanisms

be predisposed to earlier parturition, andbe predisposed to earlier parturition, and

the more severe and intense depressivethe more severe and intense depressive

symptoms in the offspring might reflectsymptoms in the offspring might reflect

the heritable component of this disorder.the heritable component of this disorder.

Further support for a role for geneticFurther support for a role for genetic

mechanisms is provided by a recent studymechanisms is provided by a recent study

of twins aged 8–17 years in which a greaterof twins aged 8–17 years in which a greater

increase in depressive symptoms per unitincrease in depressive symptoms per unit

decrease in birth weight was reported fordecrease in birth weight was reported for

individuals at genetic or familial risk of de-individuals at genetic or familial risk of de-

pression (Ricepression (Rice et alet al, 2006). Although the, 2006). Although the

study adjusted birth weight for gestation,study adjusted birth weight for gestation,

the effect of length of gestationthe effect of length of gestation per seper se waswas

not studied (Ricenot studied (Rice et alet al, 2006)., 2006).

Furthermore, our findings on the foetalFurthermore, our findings on the foetal

origins of depressive symptoms may shedorigins of depressive symptoms may shed

some light on the associations betweensome light on the associations between

depressive symptoms and increased risk ofdepressive symptoms and increased risk of

cardiovascular disease, type 2 diabetescardiovascular disease, type 2 diabetes

(Evans(Evans et alet al, 2005) and the various risk fac-, 2005) and the various risk fac-

tors for these diseases (Raikkonentors for these diseases (Räikkönen et alet al,,

2002). As proposed by Thomson2002). As proposed by Thomson et alet al

(2001) it is indeed probable that depression(2001) it is indeed probable that depression

and the associated disease risk share aand the associated disease risk share a

common underlying basis that might becommon underlying basis that might be

attributable to a less than optimal foetalattributable to a less than optimal foetal

environment.environment.

LimitationsLimitations

There are limitations to our study. In 1934–There are limitations to our study. In 1934–

1944 gestation was estimated by the date of1944 gestation was estimated by the date of

the last menstrual period, which mightthe last menstrual period, which might

make the length of gestation, even at themake the length of gestation, even at the
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Fig.1Fig. 1 Beck Depression Inventory (BDI) and Center for Epidemiological Studies ^ Depression scale (CES^D)Beck Depression Inventory (BDI) and Center for Epidemiological Studies ^ Depression scale (CES^D)

scores (means and 95% confidence intervals) according to birthweight (scores (means and 95% confidence intervals) according to birth weight (nn¼31,31, nn¼219,219, nn¼562,562, nn¼433,433, nn¼104104

andand nn¼22 for the six categories from the lightest to the heaviest group respectively). Log-transformed22 for the six categories from the lightest to the heaviest group respectively). Log-transformed

depressive symptom scores have been adjusted for gender, length of gestation, social class at birth, educationaldepressive symptom scores have been adjusted for gender, length of gestation, social class at birth, educational

attainment, age and bodymass index in adulthood, and then back-transformed to the original scale for display.attainment, age and bodymass index in adulthood, and then back-transformed to the original scale for display.

Table 3Table 3 Comparison of length of gestation and body size at birth of individuals without (Comparison of length of gestation and body size at birth of individuals without (77DS) andwith (+DS) depressive symptoms across time and acrossmeasures.DS) andwith (+DS) depressive symptoms across time and acrossmeasures.

77DSDS v.v. +DS across time+DS across time11 77DSDS v.v. +DS across measures+DS across measures22

Characteristic at birth as a continuous variableCharacteristic at birth as a continuous variable BB (95% CI)(95% CI) PP BB (95% CI)(95% CI) PP

Length of gestation, daysLength of gestation, days

Adjusted for genderAdjusted for gender 0.96 (0.94 to 0.98)0.96 (0.94 to 0.98) 0.00010.0001 0.97 (0.95 to 0.99)0.97 (0.95 to 0.99) 0.0010.001

Adjusted for gender and birth weightAdjusted for gender and birth weight 0.96 (0.94 to 0.98)0.96 (0.94 to 0.98) 0.00010.0001 0.97 (0.95 to 0.99)0.97 (0.95 to 0.99) 0.0020.002

Fully adjustedFully adjusted33 0.97 (0.94 to 0.99)0.97 (0.94 to 0.99) 0.0020.002 0.97 (0.95 to 0.99)0.97 (0.95 to 0.99) 0.0040.004

Weight, kgWeight, kg

Adjusted for genderAdjusted for gender 0.79 (0.38 to 1.18)0.79 (0.38 to 1.18) 0.260.26 0.85 (0.58 to 1.24)0.85 (0.58 to 1.24) 0.390.39

Adjusted for gender and length of gestationAdjusted for gender and length of gestation 1.01 (0.66 to 1.54)1.01 (0.66 to 1.54) 0.970.97 1.03 (0.69 to 1.54)1.03 (0.69 to 1.54) 0.870.87

Fully adjustedFully adjusted33 0.94 (0.61 to 1.46)0.94 (0.61 to 1.46) 0.790.79 1.04 (0.69 to 1.56)1.04 (0.69 to 1.56) 0.860.86

Length, cmLength, cm

Adjusted for genderAdjusted for gender 0.97 (0.88 to 1.07)0.97 (0.88 to 1.07) 0.520.52 0.95 (0.87 to 1.05)0.95 (0.87 to 1.05) 0.310.31

Adjusted for gender and length of gestationAdjusted for gender and length of gestation 1.03 (0.93 to 1.14)1.03 (0.93 to 1.14) 0.570.57 1.00 (0.91 to 1.10)1.00 (0.91 to 1.10) 0.990.99

Fully adjustedFully adjusted33 1.04 (0.94 to 1.16)1.04 (0.94 to 1.16) 0.420.42 1.00 (0.90 to 1.11)1.00 (0.90 to 1.11) 0.990.99

Head circumference, cmHead circumference, cm

Adjusted for genderAdjusted for gender 0.95 (0.84 to 1.08)0.95 (0.84 to 1.08) 0.410.41 0.91 (0.81 to 1.03)0.91 (0.81 to 1.03) 0.140.14

Adjusted for gender and length of gestationAdjusted for gender and length of gestation 1.02 (0.89 to 1.16)1.02 (0.89 to 1.16) 0.770.77 0.97 (0.85 to 1.10)0.97 (0.85 to 1.10) 0.610.61

Fully adjustedFully adjusted33 1.03 (0.90 to 1.17)1.03 (0.90 to 1.17) 0.720.72 0.98 (0.86 to 1.12)0.98 (0.86 to 1.12) 0.780.78

BDI, Beck Depression Inventory; CES^D,Center for Epidemiological Studies ^ Depression; DS, depressive symptoms.BDI, Beck Depression Inventory; CES^D,Center for Epidemiological Studies ^ Depression; DS, depressive symptoms.
1. Beck Depression Inventory scores1. Beck Depression Inventory scores5510 at both time1and time 210 at both time1and time 2 v.v. BDI scoresBDI scores5510 at both times. Beck Depression Inventory scores10 at both times. Beck Depression Inventory scores5510 and CES^D scores10 and CES^D scores5516 at time 216 at time 2 v.v. BDIBDI
scoresscores5510 and CES^D scores10 and CES^D scores5516 at time 2.16 at time 2.
3. Adjusted for gender, birth weight (length of gestation), length of gestation (birth weight), social class at birth, educational attainment, age and bodymass index in adulthood.3. Adjusted for gender, birth weight (length of gestation), length of gestation (birth weight), social class at birth, educational attainment, age and bodymass index in adulthood.
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term gestational range, as well as body sizeterm gestational range, as well as body size

adjusted for gestational length, to someadjusted for gestational length, to some

extent imprecise. Although this introducesextent imprecise. Although this introduces

inaccuracy, misclassification of gestationalinaccuracy, misclassification of gestational

age would only weaken our ability to detectage would only weaken our ability to detect

associations with depression in adulthood.associations with depression in adulthood.

Moreover, length of gestation and body sizeMoreover, length of gestation and body size

at birth are affected by many factors thatat birth are affected by many factors that

could have long-term neurodevelopmentalcould have long-term neurodevelopmental

consequences; however, the data availableconsequences; however, the data available

to us do not allow detailed evaluation ofto us do not allow detailed evaluation of

the specific pathophysiological mechanismsthe specific pathophysiological mechanisms

that are reflected by these proxies. Cohortthat are reflected by these proxies. Cohort

members who died before 1971 were ex-members who died before 1971 were ex-

cluded from our survey. Loss of follow-upcluded from our survey. Loss of follow-up

across decades is also inevitable. However,across decades is also inevitable. However,

over 86% of the randomly selected, stillover 86% of the randomly selected, still

traceable cohort members were availabletraceable cohort members were available

for the psychological survey. Participationfor the psychological survey. Participation

in the follow-up was more frequentlyin the follow-up was more frequently

related to female gender and (even afterrelated to female gender and (even after

adjusting for this difference) to lower leveladjusting for this difference) to lower level

of depressive symptoms. Participation inof depressive symptoms. Participation in

follow-up was not, however, related tofollow-up was not, however, related to

any of the neonatal or maternal characteris-any of the neonatal or maternal characteris-

tics. Finally, the age range of the sampletics. Finally, the age range of the sample

ought to be considered in light of externalought to be considered in light of external

validity of the findings, as depressive symp-validity of the findings, as depressive symp-

toms in later and in earlier life may differ.toms in later and in earlier life may differ.

We conclude that implications of earlierWe conclude that implications of earlier

birth and smaller body size at birth persistbirth and smaller body size at birth persist

into later adulthood. These results confirminto later adulthood. These results confirm

earlier studies relating birth weight toearlier studies relating birth weight to

symptoms of depression (Thompsonsymptoms of depression (Thompson et alet al,,

2001; Cheung2001; Cheung et alet al, 2002; Gale & Martyn,, 2002; Gale & Martyn,

2004; Patton2004; Patton et alet al, 2004). Moreover, they, 2004). Moreover, they

add to the previous literature by showingadd to the previous literature by showing

that independently of birth weight, shorterthat independently of birth weight, shorter

length of gestation at the term gestationallength of gestation at the term gestational

age range shows continuous associationsage range shows continuous associations

with depressive symptoms, and may thuswith depressive symptoms, and may thus

serve as another marker of early environ-serve as another marker of early environ-

mental influences in the cascade of eventsmental influences in the cascade of events

leading to more severe and frequent depres-leading to more severe and frequent depres-

sive symptoms later in life.sive symptoms later in life.
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