
BackgroundBackground LowbirthweightLowbirthweight

increases theriskofchildhoodbehaviouralincreases theriskofchildhoodbehavioural

problems, but it is notclear whether poorproblems, but it is notclear whether poor

foetalgrowthhas a long-terminfluence onfoetalgrowthhas a long-terminfluence on

susceptibility to depression.susceptibility to depression.

AimsAims To examine therelation betweenTo examine the relation between

birthweight andriskof psychologicalbirthweight andriskof psychological

distress and depression.distress and depression.

MethodMethod At age16 years 5187 partici-At age16 years 5187 partici-

pants inthe1970 British Cohort Studypants in the1970 British Cohort Study

completed the12-itemGeneral Healthcompleted the12-itemGeneral Health

Questionnaire to assess psychologicalQuestionnaire to assess psychological

distress.At age 26 years 8292 participantsdistress.At age 26 years 8292 participants

completed the Malaise Inventory to assesscompleted the Malaise Inventory to assess

depression andprovided informationdepression andprovided information

about a historyof depression.about a historyof depression.

ResultsResults Womenwhose birthweightWomenwhose birthweight

waswas443 kghad anincreasedriskof3 kghad anincreasedriskof

depression at age 26 years (ORdepression at age 26 years (OR¼1.3; 95%1.3; 95%

CI1.0^1.5) comparedwiththosewhoCI1.0^1.5) comparedwiththosewho

weighedweighed443.5 kg.Birthweightwasnot3.5 kg.Birthweightwasnot

associatedwith a reportedhistoryofassociatedwith a reportedhistoryof

depression orwithriskof psychologicaldepression orwithriskof psychological

distress at age16 years.Inmenthereweredistress at age16 years.Inmentherewere

no associations between anymeasure-no associationsbetween anymeasure-

mentandthe fullrangeof birthweightbut,mentandthe fullrangeof birthweightbut,

comparedwithmen of normalbirthcomparedwithmen of normalbirth

weight, those bornweighingweight, those bornweighing442.5 kg2.5 kg

weremore likely to be psychologicallyweremore likely to be psychologically

distressed at age16 years (ORdistressed at age16 years (OR¼1.6,95%1.6,95%

CI1.1^2.5) and to report a historyofCI1.1^2.5) and to report a historyof

depression at age 26 years (ORdepression at age 26 years (OR¼1.6,95%1.6,95%

CI1.1^2.3).CI1.1^2.3).

ConclusionsConclusions Impairedneurodevelop-Impairedneurodevelop-

mentduring foetallifemayincreasementduring foetal lifemayincrease

susceptibility to depression.susceptibility to depression.

Declaration of interestDeclaration of interest None.None.

The importance of childhood circumstancesThe importance of childhood circumstances

and environment in influencing the risk ofand environment in influencing the risk of

affective disorders in adolescence and adultaffective disorders in adolescence and adult

life is well established (Goodman & Gotlib,life is well established (Goodman & Gotlib,

1999; Buchanan1999; Buchanan et alet al, 2000). Whether the, 2000). Whether the

environment encountered in foetal life playsenvironment encountered in foetal life plays

a part in determining biological suscepti-a part in determining biological suscepti-

bility to depression is less clear. Childrenbility to depression is less clear. Children

whose birth weight was low are known towhose birth weight was low are known to

have a higher risk of childhood behaviouralhave a higher risk of childhood behavioural

problems (Breslauproblems (Breslau et alet al, 1988; Breslau,, 1988; Breslau,

1995; Kelly1995; Kelly et alet al, 2001) but there is little, 2001) but there is little

direct evidence on whether poor foetaldirect evidence on whether poor foetal

growth increases vulnerability to depres-growth increases vulnerability to depres-

sion either in adolescence or in adult life.sion either in adolescence or in adult life.

The 1970 British Cohort Study is a longi-The 1970 British Cohort Study is a longi-

tudinal study of individuals born betweentudinal study of individuals born between

5 and 11 April 1970 in England, Wales5 and 11 April 1970 in England, Wales

and Scotland. We used the cohort toand Scotland. We used the cohort to

examine the relation between birth weightexamine the relation between birth weight

and risk of psychological distress at theand risk of psychological distress at the

age of 16 years and depression at the ageage of 16 years and depression at the age

of 26 years.of 26 years.

METHODMETHOD

ParticipantsParticipants

We used data from the birth survey and theWe used data from the birth survey and the

first three stages at which the 1970 Britishfirst three stages at which the 1970 British

Cohort Study was followed up. In theCohort Study was followed up. In the

initial study, information was collected oninitial study, information was collected on

17 198 babies using questionnaires17 198 babies using questionnaires

completed by midwives and data extractedcompleted by midwives and data extracted

from medical records. The 5-year and 10-from medical records. The 5-year and 10-

year follow-ups were carried out by theyear follow-ups were carried out by the

Department of Child Health, Bristol Uni-Department of Child Health, Bristol Uni-

versity. On both occasions, parents wereversity. On both occasions, parents were

interviewed by health visitors. The 16-yearinterviewed by health visitors. The 16-year

follow-up was carried out by the Inter-follow-up was carried out by the Inter-

national Centre for Child Studies. Infor-national Centre for Child Studies. Infor-

mation was collected from parents bymation was collected from parents by

interview and self-completion question-interview and self-completion question-

naires, and from cohort members by self-naires, and from cohort members by self-

completion questionnaires. For the 5-year,completion questionnaires. For the 5-year,

10-year and 16-year follow-ups the cohort10-year and 16-year follow-ups the cohort

was augmented by the inclusion of immi-was augmented by the inclusion of immi-

grants to Britain who had been born ingrants to Britain who had been born in

the target week in 1970. The 26-yearthe target week in 1970. The 26-year

follow-up was a postal survey carried outfollow-up was a postal survey carried out

by the Social Statistics Research Unit (nowby the Social Statistics Research Unit (now

the Centre for Longitudinal Studies,the Centre for Longitudinal Studies,

Institute of Education, London).Institute of Education, London).

Of 16 500 surviving cohort membersOf 16 500 surviving cohort members

who were invited to take part in the 16-yearwho were invited to take part in the 16-year

follow-up, 11 622 (70%) responded. How-follow-up, 11 622 (70%) responded. How-

ever, strikes by teachers and public exami-ever, strikes by teachers and public exami-

nations among cohort members reducednations among cohort members reduced

the number of respondents for somethe number of respondents for some

elements of the survey so that data onelements of the survey so that data on

psychological distress were available forpsychological distress were available for

only 5631 cohort members (34% of thoseonly 5631 cohort members (34% of those

invited to participate). Of these, 5187invited to participate). Of these, 5187

(31% of those invited to participate) had(31% of those invited to participate) had

taken part in the initial study and had datataken part in the initial study and had data

on birth weight so could be included in ouron birth weight so could be included in our

analyses.analyses.

A total of 13 475 surviving cohortA total of 13 475 surviving cohort

members were traced and were eligible tomembers were traced and were eligible to

take part in the 26-year follow-up. Oftake part in the 26-year follow-up. Of

these, 9003 returned their postal question-these, 9003 returned their postal question-

naire. Data on depression were availablenaire. Data on depression were available

for 8976 cohort members (67% of thosefor 8976 cohort members (67% of those

invited to participate). Of these, 8292invited to participate). Of these, 8292

(62% of those invited to participate) had(62% of those invited to participate) had

taken part in the initial study and had datataken part in the initial study and had data

on birth weight so could be included in ouron birth weight so could be included in our

analyses.analyses.

Measures of psychological distressMeasures of psychological distress
and depressionand depression

Psychological distress at the age of 16 yearsPsychological distress at the age of 16 years

was assessed by the 12-item General Healthwas assessed by the 12-item General Health

Questionnaire (GHQ–12; Goldberg, 1978).Questionnaire (GHQ–12; Goldberg, 1978).

The GHQ is a screening questionnaire forThe GHQ is a screening questionnaire for

non-psychotic psychological distress, largelynon-psychotic psychological distress, largely

depression, suitable for use in generaldepression, suitable for use in general

population surveys. A scorepopulation surveys. A score 553 on the3 on the

GHQ–12 was used to identify cases ofGHQ–12 was used to identify cases of

psychological distress (Banks, 1983).psychological distress (Banks, 1983).

Rutter’s 24-item Malaise Inventory wasRutter’s 24-item Malaise Inventory was

used to assess the presence of depression atused to assess the presence of depression at

the age of 26 years (Rutterthe age of 26 years (Rutter et alet al, 1970)., 1970).

This inventory is a self-completion scaleThis inventory is a self-completion scale

developed from the Cornell Medical Indexdeveloped from the Cornell Medical Index

(Brodman(Brodman et alet al, 1949) to measure levels of, 1949) to measure levels of

psychiatric morbidity. A scorepsychiatric morbidity. A score 557 on the7 on the

Malaise Inventory has been used to identifyMalaise Inventory has been used to identify

cases of depression (Rodgerscases of depression (Rodgers et alet al, 1999)., 1999).

The Malaise Inventory was also used toThe Malaise Inventory was also used to

assess the presence of depression in theassess the presence of depression in the

mothers of cohort members during the 5-mothers of cohort members during the 5-

year follow-up. As part of a series of ques-year follow-up. As part of a series of ques-

tions on health in the 26-year follow-up,tions on health in the 26-year follow-up,

participants were asked ‘Have you sufferedparticipants were asked ‘Have you suffered

from depression for more than a few daysfrom depression for more than a few days

since you were 16?’since you were 16?’
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Missing dataMissing data

In our analyses we used information fromIn our analyses we used information from

the birth survey (gestational age, father’sthe birth survey (gestational age, father’s

social class, mother’s age, parity andsocial class, mother’s age, parity and

smoking status during pregnancy), fromsmoking status during pregnancy), from

the 5-year follow-up (maternal depression,the 5-year follow-up (maternal depression,

separation from mother forseparation from mother for 441 month,1 month,

tenure of accommodation, parentaltenure of accommodation, parental

divorce/separation and experience of localdivorce/separation and experience of local

authority care) and from the 10-year andauthority care) and from the 10-year and

16-year follow-ups (parental divorce/16-year follow-ups (parental divorce/

separation and experience of local author-separation and experience of local author-

ity care). A preliminary analysis comparingity care). A preliminary analysis comparing

cohort members with and without completecohort members with and without complete

data on these potential confoundingdata on these potential confounding

variables showed that the strength of thevariables showed that the strength of the

relation between birth weight and scorerelation between birth weight and score

on the Malaise Inventory differed betweenon the Malaise Inventory differed between

the two groups. In order to avoid bias duethe two groups. In order to avoid bias due

to sample selection, we therefore decidedto sample selection, we therefore decided

to retain all cohort members in theto retain all cohort members in the

analyses. This was done by using a distinctanalyses. This was done by using a distinct

category for missing data within each of thecategory for missing data within each of the

potential confounding variables.potential confounding variables.

Statistical analysisStatistical analysis

We used analysis of variance and theWe used analysis of variance and the ww22 testtest

to examine the relation between birthto examine the relation between birth

weight, the presence of depression (definedweight, the presence of depression (defined

as a score ofas a score of 557 on the Malaise Inventory)7 on the Malaise Inventory)

and characteristics of the participants. Weand characteristics of the participants. We

used logistic regression to examine the rela-used logistic regression to examine the rela-

tion between the presence of depression attion between the presence of depression at

age 26 years, a reported history of depres-age 26 years, a reported history of depres-

sion between the ages of 16 and 26 years,sion between the ages of 16 and 26 years,

psychological distress at age 16 years andpsychological distress at age 16 years and

birth weight, adjusting for gestational agebirth weight, adjusting for gestational age

and potential confounding factors. Gesta-and potential confounding factors. Gesta-

tional age was split into five categoriestional age was split into five categories

((5537 weeks, 37–39 weeks, 40–42 weeks,37 weeks, 37–39 weeks, 40–42 weeks,

4442 weeks, not known/unreliable). Birth42 weeks, not known/unreliable). Birth

weight was split into four categoriesweight was split into four categories

((442.50 kg, 2.51–3.00 kg, 3.01–3.50 kg2.50 kg, 2.51–3.00 kg, 3.01–3.50 kg

andand 443.50 kg);3.50 kg); PP values are given for thevalues are given for the

trend in the odds ratios across the birthtrend in the odds ratios across the birth

weight categories.weight categories.

RESULTSRESULTS

Table 1 shows the perinatal and childhoodTable 1 shows the perinatal and childhood

characteristics of 8292 cohort memberscharacteristics of 8292 cohort members

who participated in the 26-year follow-upwho participated in the 26-year follow-up

and how these related to birth weight andand how these related to birth weight and

the prevalence of depression. In total,the prevalence of depression. In total,

1574 (19%) men and women scored1574 (19%) men and women scored 5577

on the Malaise Inventory, indicating theon the Malaise Inventory, indicating the

presence of depression. As expected, de-presence of depression. As expected, de-

pression was more common among womenpression was more common among women

(23% compared with 14.1% of men). The(23% compared with 14.1% of men). The

2 92 9

Table1Table1 Perinatal and childhood characteristics of the participants at the 26-year follow-upPerinatal and childhood characteristics of the participants at the 26-year follow-up

CharacteristicsCharacteristics ParticipantsParticipants

nn (%)(%)

Mean birth weightMean birth weight

kgkg

CurrentCurrent

depression %depression %

GenderGender

MaleMale 3745 (45.2)3745 (45.2) 3.39***3.39*** 14.1***14.1***

FemaleFemale 4547 (54.8)4547 (54.8) 3.273.27 23.023.0

Father’s social class at birthFather’s social class at birth

Non-manualNon-manual 2643 (31.9)2643 (31.9) 3.37***3.37*** 15.5***15.5***

ManualManual 5347 (64.5)5347 (64.5) 3.313.31 20.820.8

No father figureNo father figure 259 (3.1)259 (3.1) 3.183.18 21.221.2

UnknownUnknown 236 (2.8)236 (2.8) 3.313.31 15.315.3

Mother’s age at birth (years)Mother’s age at birth (years)

15^1915^19 660 (8.0)660 (8.0) 3.20***3.20*** 25.9***25.9***

20^2920^29 5661 (68.3)5661 (68.3) 3.323.32 17.517.5

553030 1933 (23.3)1933 (23.3) 3.363.36 21.021.0

UnknownUnknown 38 (0.5)38 (0.5) 3.393.39 15.815.8

ParityParity

00 3206 (38.7)3206 (38.7) 3.24***3.24*** 17.4***17.4***

11 2846 (34.3)2846 (34.3) 3.383.38 18.118.1

22 1309 (15.8)1309 (15.8) 3.373.37 20.320.3

5533 924 (11.1)924 (11.1) 3.373.37 25.325.3

UnknownUnknown 7 (0.1)7 (0.1) 3.003.00 14.314.3

Mother smoked during pregnancyMother smoked during pregnancy

NoNo 4709 (56.8)4709 (56.8) 3.39***3.39*** 17.2***17.2***

YesYes 3545 (42.8)3545 (42.8) 3.233.23 21.421.4

UnknownUnknown 38 (0.5)38 (0.5) 3.203.20 23.723.7

Mother depressed at 5-year surveyMother depressed at 5-year survey

NoNo 5546 (66.9)5546 (66.9) 3.34***3.34*** 16.6***16.6***

YesYes 1504 (18.1)1504 (18.1) 3.273.27 24.924.9

UnknownUnknown 1242 (15.0)1242 (15.0) 3.293.29 22.522.5

Separated frommother forSeparated frommother for441month1month

during first 5 yearsduring first 5 years

NoNo 6889 (83.1)6889 (83.1) 3.33***3.33*** 18.2***18.2***

YesYes 286 (3.4)286 (3.4) 3.223.22 25.525.5

UnknownUnknown 1117 (13.5)1117 (13.5) 3.293.29 21.921.9

Tenure of family accommodation at 5-year surveyTenure of family accommodation at 5-year survey

Owner occupierOwner occupier 4437 (53.5)4437 (53.5) 3.35**3.35** 16.3***16.3***

Tenant in council housingTenant in council housing 1984 (23.9)1984 (23.9) 3.283.28 23.123.1

Tenant in private housingTenant in private housing 397 (4.8)397 (4.8) 3.283.28 20.720.7

Tied/otherTied/other 336 (4.1)336 (4.1) 3.303.30 18.818.8

UnknownUnknown 1138 (13.7)1138 (13.7) 3.293.29 21.721.7

Ever in local authority careEver in local authority care

NoNo 5574 (67.2)5574 (67.2) 3.32*3.32* 17.6**17.6**

YesYes 87 (1.0)87 (1.0) 3.203.20 21.121.1

UnknownUnknown 2631 (31.7)2631 (31.7) 3.323.32 20.720.7

Parents divorced/separated by 16-year surveyParents divorced/separated by 16-year survey

NoNo 4618 (55.7)4618 (55.7) 3.33**3.33** 17.1***17.1***

YesYes 1043 (12.6)1043 (12.6) 3.273.27 23.323.3

UnknownUnknown 2631 (31.7)2631 (31.7) 3.333.33 19.719.7

**PP550.05 by analysis of variance or0.05 by analysis of variance or ww22 test. **test. **PP550.01, ***0.01, ***PP550.001.0.001.
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prevalence of depression was significantlyprevalence of depression was significantly

higher in people whose fathers had beenhigher in people whose fathers had been

in a manual occupation or who had noin a manual occupation or who had no

father figure at the time of their birth, infather figure at the time of their birth, in

those born to teenage or high-paritythose born to teenage or high-parity

mothers and in those whose mothersmothers and in those whose mothers

smoked during pregnancy. Men andsmoked during pregnancy. Men and

women who had been separated from theirwomen who had been separated from their

mothers for over a month in the first 5mothers for over a month in the first 5

years of life were more likely to beyears of life were more likely to be

currently depressed, as were those whosecurrently depressed, as were those whose

mothers had themselves been depressed atmothers had themselves been depressed at

the time of the 5-year follow-up. Depres-the time of the 5-year follow-up. Depres-

sion was more common in those who hadsion was more common in those who had

lived in council housing in early childhood,lived in council housing in early childhood,

in those whose parents had divorced or se-in those whose parents had divorced or se-

parated by the time of the 16-year follow-parated by the time of the 16-year follow-

up and in those who had been in localup and in those who had been in local

authority care. All the perinatal and child-authority care. All the perinatal and child-

hood characteristics that were associatedhood characteristics that were associated

with increased prevalence of depression atwith increased prevalence of depression at

the 26-year follow-up were also associatedthe 26-year follow-up were also associated

with lower mean birth weight, with thewith lower mean birth weight, with the

exception of mother’s parity, where partici-exception of mother’s parity, where partici-

pants born to high-parity mothers tended topants born to high-parity mothers tended to

have a higher birth weight.have a higher birth weight.

We calculated odds ratios for depres-We calculated odds ratios for depres-

sion according to birth weight in womension according to birth weight in women

and men separately (Table 2). In univariateand men separately (Table 2). In univariate

analysis there was a statistically significantanalysis there was a statistically significant

linear association between birth weightlinear association between birth weight

and risk of depression in womenand risk of depression in women

((PP550.001 for trend). Compared with0.001 for trend). Compared with

women who had weighedwomen who had weighed 443.50 kg at3.50 kg at

birth, women who had weighedbirth, women who had weighed 442.50 kg2.50 kg

at birth had an odds ratio for depressionat birth had an odds ratio for depression

of 1.5 (95% CI 1.1–2.0). Women whoof 1.5 (95% CI 1.1–2.0). Women who

had weighed between 2.51 and 3.00 kghad weighed between 2.51 and 3.00 kg

at birth had an odds ratio of 1.3 (95% CIat birth had an odds ratio of 1.3 (95% CI

1.1–1.6). After adjustment for all the1.1–1.6). After adjustment for all the

potential confounding factors shown inpotential confounding factors shown in

Table 1, together with gestational age atTable 1, together with gestational age at

birth, the relation between birth weightbirth, the relation between birth weight

and risk of depression was weakenedand risk of depression was weakened

slightly but remained statistically signifi-slightly but remained statistically signifi-

cant (cant (PP¼0.016 for trend). When we re-0.016 for trend). When we re-

peated this analysis but excluding womenpeated this analysis but excluding women

born atborn at 5537 weeks’ gestation, the relation37 weeks’ gestation, the relation

between birth weight and risk of depressionbetween birth weight and risk of depression

became slightly stronger (became slightly stronger (PP¼0.009). We0.009). We

investigated whether this relation wasinvestigated whether this relation was

moderated by any risk factors listed inmoderated by any risk factors listed in

Table 1 but there were no statisticallyTable 1 but there were no statistically

significant interactions.significant interactions.

In men there was a trend towards in-In men there was a trend towards in-

creasing risk of depression with decreasingcreasing risk of depression with decreasing

birth weight, but this was not statisticallybirth weight, but this was not statistically

significant and it disappeared after adjust-significant and it disappeared after adjust-

ment for gestational age and other riskment for gestational age and other risk

factors (Table 2).factors (Table 2).

In total, 1335 (16.1%) participants atIn total, 1335 (16.1%) participants at

the 26-year follow-up reported that theythe 26-year follow-up reported that they

had suffered from depression for more thanhad suffered from depression for more than

a few days since the 16-year follow-up.a few days since the 16-year follow-up.

These men and women were much moreThese men and women were much more

likely to gain scores indicative of currentlikely to gain scores indicative of current

depression on the Malaise Inventory (fordepression on the Malaise Inventory (for

men: odds ratiomen: odds ratio¼9.1, 95% CI 7.1–11.5;9.1, 95% CI 7.1–11.5;

for women: odds ratiofor women: odds ratio¼6.8, 95% CI6.8, 95% CI

5.7–8.1). We found no statistically signifi-5.7–8.1). We found no statistically signifi-

cant linear trends between birth weightcant linear trends between birth weight

and a reported history of depression inand a reported history of depression in

either men or women (Table 3). Thereeither men or women (Table 3). There

was evidence, however, that men who hadwas evidence, however, that men who had

weighedweighed 442.50 kg at birth were more likely2.50 kg at birth were more likely

than those of normal birth weight to reportthan those of normal birth weight to report

that they had been depressed in the past.that they had been depressed in the past.

This relation persisted after adjusting forThis relation persisted after adjusting for

gestational age and potential confoundinggestational age and potential confounding

factors (odds ratiofactors (odds ratio¼1.6, 95% CI 1.1–2.3).1.6, 95% CI 1.1–2.3).

It was weakened when men born atIt was weakened when men born at 553737

weeks’ gestation were excluded, althoughweeks’ gestation were excluded, although
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Table 2Table 2 Odds ratios (ORs) for depression at age 26 years according to birthweightOdds ratios (ORs) for depression at age 26 years according to birth weight

Birth weight (kg)Birth weight (kg) nn nn (%) with(%) with

currentcurrent

depressiondepression

OR (95% CI),OR (95% CI),

unadjustedunadjusted

OR (95% CI), adjustedOR (95% CI), adjusted

for perinatal andfor perinatal and

childhood factorschildhood factors11

Women (Women (nn¼4547)4547)

442.502.50 270270 80 (29.6)80 (29.6) 1.5 (1.1^2.0)1.5 (1.1^2.0) 1.3 (0.9^1.8)1.3 (0.9^1.8)

2.51^3.002.51^3.00 959959 255 (26.6)255 (26.6) 1.3 (1.1^1.6)1.3 (1.1^1.6) 1.3 (1.0^1.5)1.3 (1.0^1.5)

3.01^3.503.01^3.50 18951895 405 (21.4)405 (21.4) 1.0 (0.8^1.2)1.0 (0.8^1.2) 1.0 (0.8^1.2)1.0 (0.8^1.2)

443.503.50 14231423 307 (21.6)307 (21.6) 1.01.0 1.01.0

PP550.001 for trend0.001 for trend PP¼0.016 for trend0.016 for trend

Men (Men (nn¼3745)3745)

442.502.50 195195 32 (16.4)32 (16.4) 1.3 (0.8^1.9)1.3 (0.8^1.9) 1.1 (0.7^1.7)1.1 (0.7^1.7)

2.51^3.002.51^3.00 594594 93 (15.7)93 (15.7) 1.2 (0.9^1.6)1.2 (0.9^1.6) 1.0 (0.8^1.3)1.0 (0.8^1.3)

3.01^3.503.01^3.50 13801380 191 (13.8)191 (13.8) 1.0 (0.8^1.3)1.0 (0.8^1.3) 1.0 (0.8^1.2)1.0 (0.8^1.2)

443.503.50 15761576 211 (13.4)211 (13.4) 1.01.0 1.01.0

PP¼0.147 for trend0.147 for trend PP¼0.818 for trend0.818 for trend

1. Adjusted for gestational age, father’s social class at birth, mother’s age at birth, parity, smoking during pregnancy,1. Adjusted for gestational age, father’s social class at birth, mother’s age at birth, parity, smoking during pregnancy,
maternal depression at 5 years, separation frommothermaternal depression at 5 years, separation frommother441month between birth and 5 years, tenure of family1month between birth and 5 years, tenure of family
accommodation at 5 years, parental divorce/separation between birth and16 years and experience of care by localaccommodation at 5 years, parental divorce/separation between birth and16 years and experience of care by local
authority.authority.

Table 3Table 3 Odds ratios (ORs) for a self-reported history of depression between the ages of16 and 26 yearsOdds ratios (ORs) for a self-reported history of depression between the ages of16 and 26 years

according to birth weightaccording to birthweight

Birth weight (kg)Birth weight (kg) nn nn (%) with(%) with

history ofhistory of

depressiondepression

OR (95% CI),OR (95% CI),

unadjustedunadjusted

OR (95% CI), adjustedOR (95% CI), adjusted

for perinatal andfor perinatal and

childhood factorschildhood factors11

Women (Women (nn¼4547)4547)

442.502.50 270270 48 (17.8)48 (17.8) 0.9 (0.6^1.2)0.9 (0.6^1.2) 0.9 (0.6^1.3)0.9 (0.6^1.3)

2.51^3.002.51^3.00 959959 193 (20.1)193 (20.1) 1.0 (0.8^1.3)1.0 (0.8^1.3) 1.1 (0.9^1.3)1.1 (0.9^1.3)

3.01^3.503.01^3.50 18951895 364 (19.2)364 (19.2) 1.0 (0.8^1.2)1.0 (0.8^1.2) 1.0 (0.8^1.2)1.0 (0.8^1.2)

443.503.50 14231423 278 (19.5)278 (19.5) 1.01.0 1.01.0

PP¼0.872 for trend0.872 for trend PP¼0.910 for trend0.910 for trend

Men (Men (nn¼3745)3745)

442.502.50 195195 33 (16.9)33 (16.9) 1.5 (1.0^2.3)1.5 (1.0^2.3) 1.5 (1.0^2.3)1.5 (1.0^2.3)

2.51^3.002.51^3.00 594594 65 (10.9)65 (10.9) 0.9 (0.7^1.2)0.9 (0.7^1.2) 0.9 (0.6^1.2)0.9 (0.6^1.2)

3.01^3.503.01^3.50 13801380 168 (12.2)168 (12.2) 1.0 (0.8^1.3)1.0 (0.8^1.3) 1.0 (0.8^1.3)1.0 (0.8^1.3)

443.503.50 15761576 186 (11.8)186 (11.8) 1.01.0 1.01.0

PP¼0.345 for trend0.345 for trend PP¼0.678 for trend0.678 for trend

1. Adjusted for gestational age, father’s social class at birth, mother’s age at birth, parity, smoking during pregnancy,1. Adjusted for gestational age, father’s social class at birth, mother’s age at birth, parity, smoking during pregnancy,
maternal depression at 5 years, separation frommothermaternal depression at 5 years, separation frommother441month between birth and 5 years, tenure of family1month between birth and 5 years, tenure of family
accommodation at 5 years, parental divorce/separation between birth and16 years and experience of care by localaccommodation at 5 years, parental divorce/separation between birth and16 years and experience of care by local
authority.authority.
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the risk estimate changed little (oddsthe risk estimate changed little (odds

ratioratio¼1.5, 95% CI 0.9–2.4). No such1.5, 95% CI 0.9–2.4). No such

association was seen in women.association was seen in women.

At the 16-year follow-up, 1458At the 16-year follow-up, 1458

(28.1%) of the 5187 participants scored(28.1%) of the 5187 participants scored

above the threshold of 3 on the GHQ–12,above the threshold of 3 on the GHQ–12,

indicating psychological distress: 32.6% ofindicating psychological distress: 32.6% of

girls scoredgirls scored 553 on the GHQ–12 compared3 on the GHQ–12 compared

with 22.1% of boys (with 22.1% of boys (PP550.001). Among0.001). Among

those participants who took part in boththose participants who took part in both

the 16-year and 26-year follow-ups,the 16-year and 26-year follow-ups,

psychological distress at 16 years was apsychological distress at 16 years was a

significant predictor of depression at 26significant predictor of depression at 26

years (for girls: odds ratioyears (for girls: odds ratio¼2.4, 95% CI2.4, 95% CI

1.9–2.9; for boys: odds ratio1.9–2.9; for boys: odds ratio¼2.0, 95%2.0, 95%

CI 1.4–2.8). We found no evidence of aCI 1.4–2.8). We found no evidence of a

linear association between birth weightlinear association between birth weight

and risk of psychological distress in eitherand risk of psychological distress in either

girls or boys (Table 4). However, boysgirls or boys (Table 4). However, boys

who had weighedwho had weighed 442.5 kg at birth were2.5 kg at birth were

more likely to be distressed than boysmore likely to be distressed than boys

whose birth weight was normal (oddswhose birth weight was normal (odds

ratioratio¼1.6, 95% CI 1.1–2.5, after multivari-1.6, 95% CI 1.1–2.5, after multivari-

ate adjustment). This relation remainedate adjustment). This relation remained

statistically significant when boys born atstatistically significant when boys born at

5537 weeks’ gestation were excluded (odds37 weeks’ gestation were excluded (odds

ratioratio¼1.7, 95% CI 1.0–2.9).1.7, 95% CI 1.0–2.9).

DISCUSSIONDISCUSSION

In this large population-based study weIn this large population-based study we

found that women who had weighedfound that women who had weighed

443 kg at birth had an increased risk of3 kg at birth had an increased risk of

being depressed at the age of 26 years. Birthbeing depressed at the age of 26 years. Birth

weight was not, however, associated withweight was not, however, associated with

a self-reported history of depression at agea self-reported history of depression at age

26 years or with risk of psychological dis-26 years or with risk of psychological dis-

tress at age 16 years. In men there weretress at age 16 years. In men there were

no significant trends between any of theseno significant trends between any of these

measures and the whole range of birthmeasures and the whole range of birth

weight but, compared with men of normalweight but, compared with men of normal

birth weight, those who had weighedbirth weight, those who had weighed

442.5 kg were more likely to report a2.5 kg were more likely to report a

history of depression at age 26 years andhistory of depression at age 26 years and

to be psychologically distressed at the ageto be psychologically distressed at the age

of 16 years.of 16 years.

Strengths and limitationsStrengths and limitations

This study used data from a national birthThis study used data from a national birth

cohort that has been followed up intocohort that has been followed up into

adulthood. Detailed information is avail-adulthood. Detailed information is avail-

able about the family and social environ-able about the family and social environ-

ment of cohort members from thement of cohort members from the

perinatal period onwards. When examiningperinatal period onwards. When examining

the relations between birth weight and riskthe relations between birth weight and risk

of psychological distress or depression weof psychological distress or depression we

were able to take account of a number ofwere able to take account of a number of

factors known to increase a child’s risk offactors known to increase a child’s risk of

subsequent psychiatric morbidity, includingsubsequent psychiatric morbidity, including

socio-economic status, maternal depres-socio-economic status, maternal depres-

sion, early separation from the mother,sion, early separation from the mother,

parental marital disruption and experienceparental marital disruption and experience

of local authority care. The associationsof local authority care. The associations

shown here between birth weight and riskshown here between birth weight and risk

of depression in women and between lowof depression in women and between low

birth weight (birth weight (442.5 kg) and a reported2.5 kg) and a reported

history of depression or risk of psycho-history of depression or risk of psycho-

logical distress in men persisted afterlogical distress in men persisted after

adjustment for these and other potentialadjustment for these and other potential

confounding factors, such as maternal age,confounding factors, such as maternal age,

parity and smoking status duringparity and smoking status during

pregnancy.pregnancy.

In common with other national birthIn common with other national birth

cohorts that have been followed up intocohorts that have been followed up into

adult life, cohort members born to singleadult life, cohort members born to single

mothers, teenage mothers or whose fathersmothers, teenage mothers or whose fathers

were in manual occupations had lowerwere in manual occupations had lower

response rates at follow-up. In the 26-yearresponse rates at follow-up. In the 26-year

follow-up, for example, 62% of cohortfollow-up, for example, 62% of cohort

members were born into a manual socialmembers were born into a manual social

class compared with 64.1% in the initialclass compared with 64.1% in the initial

birth survey. Males were underrepresentedbirth survey. Males were underrepresented

in both the 16-year and 26-year follow-in both the 16-year and 26-year follow-

ups, making up 42.8% and 45.2% of theups, making up 42.8% and 45.2% of the

participants respectively compared withparticipants respectively compared with

51.1% of the original sample. Cohort mem-51.1% of the original sample. Cohort mem-

bers who weighedbers who weighed 442.5 kg at birth were2.5 kg at birth were

also underrepresented at these follow-ups,also underrepresented at these follow-ups,

accounting for 5.6% compared with 6.6%accounting for 5.6% compared with 6.6%

of the original sample that survived theof the original sample that survived the

neonatal period. Nevertheless, the size ofneonatal period. Nevertheless, the size of

the differences between the original samplethe differences between the original sample

and the achieved samples at ages 16 and 26and the achieved samples at ages 16 and 26

years was small. In general, the cohort hasyears was small. In general, the cohort has

remained representative of those who tookremained representative of those who took

part in the initial birth survey.part in the initial birth survey.

One potential weakness of the study isOne potential weakness of the study is

that psychiatric morbidity was assessedthat psychiatric morbidity was assessed

solely by means of self-completion scales:solely by means of self-completion scales:

the GHQ–12 during the 16-year follow-upthe GHQ–12 during the 16-year follow-up

and the Malaise Inventory at age 26 years.and the Malaise Inventory at age 26 years.

However, these scales have been widelyHowever, these scales have been widely

used in general population samples andused in general population samples and

their effectiveness at identifying psychiatrictheir effectiveness at identifying psychiatric

morbidity has been demonstrated. In amorbidity has been demonstrated. In a

study of 17-year-olds, for example, thestudy of 17-year-olds, for example, the

GHQ–12 with a cut-point of 3 correctlyGHQ–12 with a cut-point of 3 correctly

identified 83% of those who had a diag-identified 83% of those who had a diag-

nosis of anxiety or depression by clinicalnosis of anxiety or depression by clinical

interview with 71% sensitivity and 80%interview with 71% sensitivity and 80%

specificity (Banks, 1983). A scorespecificity (Banks, 1983). A score 557 on7 on

the Malaise Inventory was able to detectthe Malaise Inventory was able to detect

cases of clinically diagnosed depression incases of clinically diagnosed depression in

women with 73% sensitivity and 81%women with 73% sensitivity and 81%

specificity (Rodgersspecificity (Rodgers et alet al, 1999)., 1999).

Comparison with other studiesComparison with other studies

In an investigation of a Dutch birth cohort,In an investigation of a Dutch birth cohort,

risk of major depression requiring hospi-risk of major depression requiring hospi-

talisation was increased in groups of mentalisation was increased in groups of men

and women who were exposed to famineand women who were exposed to famine

during mid to late gestation in the Hungerduring mid to late gestation in the Hunger

Winter of 1944–1945 (BrownWinter of 1944–1945 (Brown et alet al, 2000)., 2000).

An Italian case–control study of 41 case–An Italian case–control study of 41 case–

control pairs found that patients admittedcontrol pairs found that patients admitted

to hospital with depression were moreto hospital with depression were more

likely than controls to have been small forlikely than controls to have been small for
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Table 4Table 4 Odds ratios (ORs) for psychological distress at age16 years according to birthweightOdds ratios (ORs) for psychological distress at age16 years according to birthweight

Birth weight (kg)Birth weight (kg) nn nn (%) with(%) with

psychologicalpsychological

distressdistress

OR (95% CI),OR (95% CI),

unadjustedunadjusted

OR (95% CI), adjustedOR (95% CI), adjusted

for perinatal andfor perinatal and

childhood factorschildhood factors11

Girls (Girls (nn¼2965)2965)

442.502.50 168168 53 (31.5)53 (31.5) 1.0 (0.7^1.4)1.0 (0.7^1.4) 1.1 (0.7^1.6)1.1 (0.7^1.6)

2.51^3.002.51^3.00 610610 222 (36.4)222 (36.4) 1.2 (1.0^1.5)1.2 (1.0^1.5) 1.2 (1.0^1.6)1.2 (1.0^1.6)

3.01^3.503.01^3.50 12541254 398 (31.7)398 (31.7) 1.0 (0.8^1.2)1.0 (0.8^1.2) 1.0 (0.8^1.2)1.0 (0.8^1.2)

443.503.50 933933 295 (31.6)295 (31.6) 1.01.0 1.01.0

PP¼0.193 for trend0.193 for trend PP¼0.166 for trend0.166 for trend

Boys (Boys (nn¼2222)2222)

442.502.50 120120 38 (31.7)38 (31.7) 1.7 (1.1^2.6)1.7 (1.1^2.6) 1.7 (1.0^2.8)1.7 (1.0^2.8)

2.51^3.002.51^3.00 356356 86 (22.5)86 (22.5) 1.1 (0.8^1.4)1.1 (0.8^1.4) 1.1 (0.8^1.5)1.1 (0.8^1.5)

3.01^3.503.01^3.50 827827 176 (21.3)176 (21.3) 1.0 (0.8^1.3)1.0 (0.8^1.3) 1.0 (0.8^1.3)1.0 (0.8^1.3)

443.503.50 919919 196 (21.3)196 (21.3) 1.01.0 1.01.0

PP¼0.069 for trend0.069 for trend PP¼0.168 for trend0.168 for trend

1. Adjusted for gestational age, father’s social class at birth, mother’s age at birth, parity, smoking during pregnancy,1. Adjusted for gestational age, father’s social class at birth, mother’s age at birth, parity, smoking during pregnancy,
maternal depression at 5 years, separation frommothermaternal depression at 5 years, separation frommother441month between birth and 5 years, tenure of family1month between birth and 5 years, tenure of family
accommodation at 5 years, parental divorce/separation between birth and16 years and experience of care by localaccommodation at 5 years, parental divorce/separation between birth and16 years and experience of care by local
authority.authority.
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gestational age and they had a lower meangestational age and they had a lower mean

birth weight, although this latter differencebirth weight, although this latter difference

was of borderline statistical significancewas of borderline statistical significance

(Preti(Preti et alet al, 2000). Neither study made, 2000). Neither study made

adjustments for potential confoundingadjustments for potential confounding

factors, although the case–control pairsfactors, although the case–control pairs

were matched by gender, time and paritywere matched by gender, time and parity

of birth, maternal age and marital status.of birth, maternal age and marital status.

Both of these studies provide some supportBoth of these studies provide some support

for the notion that environmental factorsfor the notion that environmental factors

during foetal life may increase susceptibilityduring foetal life may increase susceptibility

to depression, but they have the dis-to depression, but they have the dis-

advantage that they rely solely on casesadvantage that they rely solely on cases

severe enough to require hospitalisation.severe enough to require hospitalisation.

In a recent study examining the relationIn a recent study examining the relation

between birth weight and depression in 882between birth weight and depression in 882

elderly men and women in Hertfordshire,elderly men and women in Hertfordshire,

UK, cases were identified by means of theUK, cases were identified by means of the

Geriatric Depression Scale and the Geria-Geriatric Depression Scale and the Geria-

tric Mental State Examination (Thompsontric Mental State Examination (Thompson

et alet al, 2001). There was a strong association, 2001). There was a strong association

between lower birth weight and risk ofbetween lower birth weight and risk of

depression in men but no such relationdepression in men but no such relation

was present in women. The authorswas present in women. The authors

suggest that one explanation for this dis-suggest that one explanation for this dis-

crepancy might be that female foetusescrepancy might be that female foetuses

are less vulnerable to the effects ofare less vulnerable to the effects of

retarded growthretarded growth in uteroin utero. But in the. But in the

present study of over 8000 men andpresent study of over 8000 men and

women aged 26 years, lower birth weightwomen aged 26 years, lower birth weight

was a significant risk factor for depressionwas a significant risk factor for depression

in women. There was a non-significantin women. There was a non-significant

trend in men towards increasing risk oftrend in men towards increasing risk of

depression with decreasing birth weight,depression with decreasing birth weight,

but this disappeared after adjustment forbut this disappeared after adjustment for

potential confounding factors. In thepotential confounding factors. In the

Hertfordshire study, little informationHertfordshire study, little information

was available about potential confoundingwas available about potential confounding

factors in the participants’ early environ-factors in the participants’ early environ-

ment apart from social class at birthment apart from social class at birth

(Thompson(Thompson et alet al, 2001)., 2001).

Middle to late adolescence is a peakMiddle to late adolescence is a peak

risk period for the onset of depressionrisk period for the onset of depression

(Lewinsohn(Lewinsohn et alet al, 1986). In a longitudinal, 1986). In a longitudinal

study of 386 children in the USA who werestudy of 386 children in the USA who were

followed from the age of 5 years, girls whofollowed from the age of 5 years, girls who

had weighedhad weighed 442.5 kg at birth had a higher2.5 kg at birth had a higher

risk of depressive symptoms at the age of 18risk of depressive symptoms at the age of 18

years, although there was no relationyears, although there was no relation

between low birth weight and depressivebetween low birth weight and depressive

symptoms in boys (Frostsymptoms in boys (Frost et alet al, 1999). No, 1999). No

information was available on maternalinformation was available on maternal

and family factors in early life and the studyand family factors in early life and the study

relied on maternal reports of low birthrelied on maternal reports of low birth

weight. These findings contrast with thoseweight. These findings contrast with those

of the present, much larger, study in whichof the present, much larger, study in which

boys whose birth weight wasboys whose birth weight was 442.5 kg were2.5 kg were

nearly twice as likely as those of normalnearly twice as likely as those of normal

birth weight to be psychologically dis-birth weight to be psychologically dis-

tressed at age 16 years, but this associationtressed at age 16 years, but this association

was not present in girls. A recent study ofwas not present in girls. A recent study of

over 90 000 18-year-old Swedish boysover 90 000 18-year-old Swedish boys

found that performance on a test of psycho-found that performance on a test of psycho-

logical functioning and stress susceptibilitylogical functioning and stress susceptibility

was poorest in those with low birth weightwas poorest in those with low birth weight

and improved with increasing birth weight,and improved with increasing birth weight,

but data on potential confounding factorsbut data on potential confounding factors

in early life were limited to maternal agein early life were limited to maternal age

and parity (Nilssonand parity (Nilsson et alet al, 2001)., 2001).

ExplanationsExplanations

One explanation for the associations foundOne explanation for the associations found

between lower birth weight and risk ofbetween lower birth weight and risk of

depression or psychological distress maydepression or psychological distress may

be that adverse environmental exposuresbe that adverse environmental exposures

in uteroin utero influence both size at birth andinfluence both size at birth and

the set point of the hypothalamic–the set point of the hypothalamic–

pituitary–adrenal axis. Animal models havepituitary–adrenal axis. Animal models have

shown that exposure to various stressorsshown that exposure to various stressors

during pregnancy results in offspring withduring pregnancy results in offspring with

lower birth weights, with raised basal orlower birth weights, with raised basal or

stress-induced glucocorticoid secretion andstress-induced glucocorticoid secretion and

with increased corticotrophin-releasingwith increased corticotrophin-releasing

hormone activity (Weinstock, 2001).hormone activity (Weinstock, 2001).

These physiological features are very simi-These physiological features are very simi-

lar to those seen in people with depressionlar to those seen in people with depression

(Steckler(Steckler et alet al, 1999) and suggest that gesta-, 1999) and suggest that gesta-

tional stress at a critical time during foetaltional stress at a critical time during foetal

development may increase susceptibility todevelopment may increase susceptibility to

this condition.this condition.

Women who are depressed during preg-Women who are depressed during preg-

nancy are at higher risk of having childrennancy are at higher risk of having children

whose birth weight is low (Orr & Miller,whose birth weight is low (Orr & Miller,

1995; Paarlberg1995; Paarlberg et alet al, 1999). Their children, 1999). Their children

are also more likely to develop emotionalare also more likely to develop emotional

problems (Luomaproblems (Luoma et alet al, 2001). One reason, 2001). One reason

for this might be that the ‘gestational stress’for this might be that the ‘gestational stress’

of maternal depression causes permanentof maternal depression causes permanent

changes in hypothalamic–pituitary–adrenalchanges in hypothalamic–pituitary–adrenal

axis settings, but it could also be due toaxis settings, but it could also be due to

the postnatal effects of exposure to negativethe postnatal effects of exposure to negative

maternal affect, cognitions and behaviourmaternal affect, cognitions and behaviour

and to the stress of living with a depressedand to the stress of living with a depressed

mother (Goodman & Gotlib, 1999). Wemother (Goodman & Gotlib, 1999). We

had no data on maternal depression duringhad no data on maternal depression during

pregnancy so we were unable to examinepregnancy so we were unable to examine

whether this explained any of the associa-whether this explained any of the associa-

tions found here, although adjustment fortions found here, although adjustment for

maternal depression at the age of 5 yearsmaternal depression at the age of 5 years

had little effect on estimates of risk.had little effect on estimates of risk.

The results of this study suggest thatThe results of this study suggest that

women whose birth weight was low or atwomen whose birth weight was low or at

the lower end of the normal range are morethe lower end of the normal range are more

3 232

CLINICAL IMPLICATIONSCLINICAL IMPLICATIONS

&& Womenwhose birthweightwas low (Womenwhose birthweightwas low (442.5kg) or at the lower end of the normal2.5kg) or at the lower end of the normal
rangemay bemore susceptible to depression as adults.rangemay bemore susceptible to depression as adults.

&& Menwhose birthweightwas lowmay have a higher risk of depression inMenwhose birthweightwas lowmay have a higher risk of depression in
adolescence or early adult life.adolescence or early adult life.

&& Risk of affective illnessmay be influenced by neurodevelopment in foetal life.Risk of affective illnessmay be influenced by neurodevelopment in foetal life.

LIMITATIONSLIMITATIONS

&& Psychiatric morbidity was assessed solely by self-completion scales.Psychiatric morbidity was assessed solely by self-completion scales.

&& No datawere available onmaternal depression during pregnancy, which is aNo datawere available onmaternal depression during pregnancy, which is a
possible confounding factor.possible confounding factor.

&& Males and thosewhose birthweightwas low were underrepresented in theMales and thosewhose birthweightwas low were underrepresented in the
follow-up studies.follow-up studies.
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likely to become depressed as young adults.likely to become depressed as young adults.

Having a birth weight at the lower end ofHaving a birth weight at the lower end of

the normal range did not appear to increasethe normal range did not appear to increase

the risk for men, but those whose birththe risk for men, but those whose birth

weight wasweight was 442.5 kg were more likely to2.5 kg were more likely to

be psychologically distressed at age 16be psychologically distressed at age 16

years and to report a history of depressionyears and to report a history of depression

at age 26 years. Impaired neurodevelop-at age 26 years. Impaired neurodevelop-

ment during foetal life may increasement during foetal life may increase

susceptibility to affective illness.susceptibility to affective illness.
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