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Objective: Major depression is a multi-
factorial disorder with many etiologic
variables that are interrelated through
developmental pathways. The authors
used structural equation modeling to
generate a developmental model for the
etiology of major depression in women.

Method: Data from 1,942 adult female
twins, interviewed up to four times over a
9-year period, were used to construct a
developmental model to predict depres-
sive episodes in the year before the most
recent interview. Eighteen risk factors in
five developmental tiers were considered:
1) childhood (genetic risk, disturbed family
environment, childhood sexual abuse, and
childhood parental loss), 2) early ado-
lescence (neuroticism, self-esteem, and
early-onset anxiety and conduct disorder),
3) late adolescence (educational attain-
ment, lifetime traumas, social support,
and substance misuse), 4) adulthood (his-
tory of divorce and past history of major
depression), and 5) the last year (marital

problems, difficulties, and stressful life
events).

Results: The best fitting model included
six correlations and 64 paths, provided an
excellent fit to the data, and explained
52% of the variance in liability to episodes
of major depression. The findings suggest
that the development of risk for major
depression in women results from three
broad pathways reflecting internalizing
symptoms, externalizing symptoms, and
psychosocial adversity.

Conclusions: Major depression is an eti-
ologically complex disorder, the full un-
derstanding of which will require consid-
eration of a broad array of risk factors
from multiple domains. These results,
while plausible, should be treated with
caution because of problems with causal
inference, retrospective recall bias, and
the limitations of a purely additive statis-
tical model.

(Am J Psychiatry 2002; 159:1133-1145)

Major depression is a prototypical multifactorial
disorder. An individual’s probability of suffering from an
episode of major depression is affected by many factors
including predisposing genetic influences (1-3), exposure
to a disturbed family environment (4, 5), childhood sexual
abuse (6), premature parental loss (7), predisposing per-
sonality traits (8-10), early-onset anxiety or conduct disor-
der (11-13), dysfunctional self-schemata (14), exposure to
traumatic events and major adversities (15-18), low social
support (19), substance misuse (12), marital difficulties
(20), a prior history of major depression (21-23), and re-
cent stressful life events and difficulties (24, 25).

Several influential reviews have emphasized the impor-
tance of combining these diverse risk factor domains into
an integrated etiologic model (e.g., references 26-28).
However, few studies have addressed the etiologic com-
plexity that is likely realistic for major depression. Further-
more, an important goal of such models is the elucidation
of the developmental pathways through which the risk fac-
tors lead to illness (29).

In 1993, we published a preliminary step in this direc-
tion that used data from two waves of interviews in our
ongoing longitudinal study of female-female twin pairs
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ascertained from the Virginia Twin Registry (30). We ex-
pand here on our previous effort by utilizing improved sta-
tistical methods and a broader array of risk factors as-
sessed in two additional waves of personal interviews.

Method

Sample

The data used in this report derive from an ongoing study of
Caucasian twin pairs from the Virginia Twin Registry (31, 32)—a
population-based register formed from a review of all birth certif-
icates in the Commonwealth of Virginia. Female-female twin pairs
born during 1933-1972 were initially ascertained through a ques-
tionnaire (termed FFQ) mailed to female twin pairs in the Registry
in 1987-1988, the response to which was ~64% (N=2,354). Twins
were then interviewed face-to-face in 1988-1989 (FF1 interview),
at which time the refusal rate was ~12%. These twins completed
three more telephone interviews in 1990-1991 (FF2), 1992-1994
(FF3), and 1995-1997 (FF4), with cooperation rates ranging from
85%-93%. This report is based on data for the 1,942 twins who
completed at least two interview waves, including FF4. At the FF4
interview, these subjects were a mean age of 35.8 years (SD=8.2)
and had a mean of 14.3 years (SD=2.2) of education. The subjects’
mean time from the FF1 interview to the FF4 interview was 7.1
years (SD=1.6). To assess test-retest reliability, 190 randomly se-
lected twins were reinterviewed a mean of 4.3 weeks (SD=1.5) after
their initial interview. In addition, in 1990-1991, at the time of the
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FF2 interviews, we attempted to interview face-to-face all living
biological parents of the twin pairs and succeeded in interviewing
90.2% of those who were alive and traceable (N=1,632).

Outcome Variable

Our goal in this model was to predict episode onset of major
depression in the last year. Major depression was treated as a di-
chotomous variable with an assumed underlying normal liability
distribution. In the FF4 interview, all twins were asked about the
occurrence, at any time in the last year, of 15 individual symp-
toms that reflected all elements of criterion A for major depres-
sive episode in DSM-III-R. They were then asked to aggregate
these symptoms in time, to report the total number of episodes
experienced and to give dates, to the nearest month, for the onset
and offset of each episode. For the purposes of this study, we
counted the first reported episode that met DSM-III-R criteria for
major depression unless there were multiple episodes and the
first episode began in the first 2 months of the year before the in-
terview. In that case, we counted the next reported episode.

Model Variables

The selection of variables began with those that had been used
in our 1993 study (30), which was based on data collected at FFQ,
FF1, and FF2. Several of these variables could be improved with
new information obtained in later waves. We had also collected
information on several key variables lacking in our earlier model,
especially childhood sexual abuse, conduct disorder, and sub-
stance misuse. Finally, we included other variables—based on the
literature and their availability in our data—to expand the do-
mains examined (e.g., self-esteem to include a “self-concept”
variable and early-onset anxiety because of its strong demon-
strated link to risk for subsequent major depression [11]).

Our final list included 18 predictor variables that we attempted
to order in a tentative developmental sequence. For ease of pre-
sentation, we organized these predictors into five “tiers” that
roughly approximated five developmental periods: 1) childhood
(genetic risk, disturbed family environment, childhood sexual
abuse, and childhood parental loss), 2) early adolescence (neu-
roticism, self-esteem, and early-onset anxiety and conduct disor-
der), 3) late adolescence (educational attainment, lifetime trau-
mas, social support, and substance misuse), 4) adulthood (history
of divorce and past history of major depression), and 5) the last
year (marital problems, difficulties, and stressful life events that
were either dependent on or independent of the respondent’s
own behavior). Of these 18 predictor variables, five were latent
and were constructed, by using a measurement model, from
other observed variables. We here outline briefly the nature of
each variable.

Genetic risk was assessed by a composite measure of the life-
time history of major depression in the co-twin (assessed at FF1,
FF3, and FF4) and in the mother and father (assessed in 1990-
1991). Parents were divided into those who were affected and
those who were unaffected. Co-twins were divided into four cate-
gories reflecting the number of interviews at which they received
a diagnosis of lifetime major depression. To correct for varying
base rates and degree of genetic relatedness in these relatives, we
calculated the modified midrank score for the lifetime history of
major depression and adjusted these scores to account for the
varying genetic correlation with the proband twin (+1.00 for
monozygotic co-twins and +0.50 for dizygotic co-twins and par-
ents). We then took the mean of these three scores.

Disturbed family environment was assessed by a measurement
model with two manifest continuous variables: mean parental
warmth (measured with a modified version of the Parental Bond-
ing Instrument [33, 34]) and mean family environment score
(measured by 14 items chosen from the Family Environment
Scale [35]). The Parental Bonding Instrument assessed parent-
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child relationships up to when the twins were age 16. The Family
Environment Scale reflected the general emotional tone of the
home when the twins “were growing up.” Mean parental warmth
was calculated for each twin pair as the mean of the self-report
and co-twin report of maternal and paternal warmth (assessed at
FF2 and reversed-coded to reflect lack of warmth). For the family
environment, we summed the items reflecting family tension
(e.g., “family members would get so angry sometimes that they
would throw things or hit each other”) and the reverse scoring of
items reflecting family integration (e.g., “family members really
helped and supported one another”). We then took the mean of
the standardized scores of the twin and co-twin assessed at FF2
and the separately standardized score of mother and father as-
sessed in 1990-1991. These four reports were then averaged and
restandardized to create a single Family Environmental Scale
score for the family.

Childhood sexual abuse was a binary variable based on twin
self-report at FF4 (36). Our previous analysis of these data (37)
suggested that the increased risk of major depression was associ-
ated largely with the more severe forms of abuse. Therefore, in
these analyses, twins were assigned a score of 1 if they reported,
before the age of 16, an unwanted sexual contact with an older in-
dividual that included “touching or fondling your private parts,”
“making you touch them in a sexual way,” or “attempting or hav-
ing sexual intercourse.” Validating the assessments of childhood
sexual abuse is inherently problematic, but the agreement be-
tween self-report and co-twin-report in this sample far exceeded
chance expectation (contingency coefficient=0.50, weighted
kappa=0.40, 95% confidence interval [CI]=0.33-0.47).

Parental loss was a binary measure scored 1 if the twin re-
ported that one or both parents left the nuclear home due to
death, divorce, or parental separation before the twin was age 17.
This was assessed with high reliability (98.5% agreement be-
tween twins [38]).

Neuroticism was assessed with a measurement model utilizing
the short (12-item) version of the Revised Eysenck Personality
Questionnaire (39) and data obtained at FFQ, FF1, and FF3. Be-
cause of the resulting J-shaped distribution, it was scored as a
five-level ordinal measure.

Self-esteem was assessed with a measurement model based on
the full Rosenberg Self-Esteem Scale (40) by using data obtained
at FF1 and FF3. Transformation was not needed because of the
data’s symmetric distribution. This variable was reversed so that
higher scores reflected lower self-esteem.

Early-onset anxiety disorder was a binary variable scored 1 for
subjects with an onset before age 18 of panic disorder (data from
FF1 or FF2), generalized anxiety disorder (data from FF1 or FF4),
or phobia (data from FF1, FF2, or FF4). Panic disorder and gener-
alized anxiety disorder were diagnosed with DSM-III-R criteria,
except that we reduced the minimum duration of the latter disor-
der from 6 months to 1 month. Phobia was defined as the pres-
ence of an irrational fear that impacted in an objective and signif-
icant way on the behavior of the twin (41).

Conduct disorder was treated as an ordinal variable that re-
flected the number of DSM-IV conduct disorder criteria met be-
fore age 18 that were endorsed at FF4.

The number of years of education was treated as a continuous
variable, scored from 1 to 20 at the FF4 interview. It was reverse-
scored to reflect low educational attainment.

The measure of lifetime traumas was based on data from FFQ
and reflected the number of 10 possible items describing trau-
matic events that had ever occurred in the respondent’s lifetime,
including physical assault, unexpected death of a loved one, and
abortion. The distribution was skewed so that this measure was
treated as an ordinal variable.

Social support was assessed by using a measurement model
with information from the FF1 and FF3 interviews. We summed
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those dimensions of social support that related most strongly to
risk for depression: problems with relatives and church and club
attendance (30). This measure, which was scored to reflect lack of
social support, was relatively symmetric and was treated as a con-
tinuous variable.

Substance misuse was assessed with a measurement model de-
rived from three binary manifest variables: 1) a lifetime diagnosis
of DSM-III-R alcohol abuse or dependence assessed at FF3 or
FF4, 2) a lifetime diagnosis of DSM-IV drug abuse or dependence
at FF4 (separate assessments were made for cannabis, sedatives,
stimulants, cocaine, opiates, hallucinogens, inhalants, and “over-
the-counter” medications), and 3) lifetime nicotine dependence,
assessed by a score of 27 on the Fagerstrom Tolerance Question-
naire (42) for the period of heaviest smoking, by using data col-
lected at FF3 or FF4.

Ever divorced was a binary measure scored 1 for women who
reported a lifetime history of divorce at the FF1, FF3, or FF4 inter-
views. Never having been married was scored 0.

Prior history of major depression was a binary measure reflect-
ing the presence or absence of a lifetime history of DSM-III-R ma-
jor depression prior to 1 year before the FF1 interview (at the
mean age of 28 years).

Marital problems in the last year was constructed as a three-
level ordinal variable. In a piecewise regression that used seven
items assessing the level of marital satisfaction in the last year
from the Social Interaction Scale (43), an elevated risk for onset of
major depression was associated with levels of satisfaction in the
lower 20%. Those who were unmarried or not living with a part-
ner at FF4 were assigned an intermediate risk. Thus, the variable
was constructed as follows: O=upper 80% of marital satisfaction,
1=unmarried, and 2=lower 20% of marital satisfaction.

Difficulities in the last year, dependent stressful life events, and
independent stressful life events were assessed by using our
stressful life event measures. In the FF4 interview, each twin was
systematically asked about the occurrence, at any time in the pre-
ceding 12 months, of 11 “personal” events (i.e., events occurring
primarily to the informant): assault, divorce/separation, major fi-
nancial problem, serious housing problems, serious illness or in-
jury, job loss, legal problems, loss of confidant, serious marital
problems, robbery, and serious difficulties at work. We also as-
sessed four classes of “network” events: 1) serious trouble getting
along with an individual in the network, 2) a serious personal cri-
sis of someone in the network, 3) death of an individual in the
network, and 4) serious illness of someone in the network. These
events were presented separately for different relationships in
their network (e.g., parents, siblings, offspring, etc.). Each re-
ported event was dated to the nearest month with high interrater
reliability (44, 45). The dependence of a stressful life event, re-
flecting the probability that the respondent’s own behavior con-
tributed to the stressful life event, was rated on a 4-point scale:
clearly independent, probably independent, probably depen-
dent, and clearly dependent, with demonstrated good interrater
reliability (46). In these analyses, we dichotomized stressful life
events into those clearly or probably independent versus those
clearly or probably dependent.

For an individual with a reported onset of major depression in
the year preceding her FF4 interview, we counted, separately, the
number of dependent and independent stressful life events oc-
curring in that month and the 2 preceding months—the time pe-
riod associated with an increased risk of depressive onset in this
sample (45). If the only episode occurred in the first or second
month of the year (N=14), the number of stressful life events re-
ported was multiplied, respectively, by 3 or 1.5. For individuals re-
porting no depressive onset, a random 3-month window was
used to assess the occurrence of stressful life events. The number
of stressful life events was treated as an ordinal variable. Difficul-
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ties in the last year reflected the sum of all stressful life events re-
ported at other times during the year before the FF4 interview.

Statistical Methods

Our structural equation model consisted of two parts: 1) a
measurement model that consisted of factor loadings for the ob-
served variables that index the five latent variables and 2) a struc-
tural model that consisted of path and correlation coefficients
connecting the five latent and the 14 observed variables of the
model proper. Model fitting was done by using Mplus, version 2
(47), because of its ability to combine categorical, ordinal, and
continuous data. The fit function was weighted least squares.

As in most longitudinal studies, missing data were a major
problem. Excluding data from all subjects for whom one or more
data points were missing would have resulted in unacceptable
sample shrinkage. Therefore, the raw data was first put through
multiple imputation by using IVEware (48), which utilizes a mul-
tivariate sequential regression approach encompassing linear re-
gression for continuous variables, Poisson regression for count
variables (e.g., numbers of stressful life events, symptoms of con-
duct disorder), and logistic regression for ordinal and binary vari-
ables (49). Five imputed data sets were created and then com-
bined for analysis in Mplus, each being treated as one group in a
multigroup analysis. The measurement model was not con-
strained across groups, and we did not attempt to simplify it in
any way.

For the structural model, we began with a fully saturated model
and used a combination of four approaches to produce a model
with the optimal balance of explanatory power and parsimony.
First, observing the significance levels of individual paths, we
fixed sets of paths to zero when the associated z value was <1.96.
Second, because our sample size was so large, some paths that re-
mained significant were, in our judgment, too small to be mean-
ingful. Therefore, our second step was to set all paths to zero with
a value of <0.05, regardless of z value. In our third step, we further
“trimmed” our model by setting paths to zero and looking for
those where the increase in the model chi-square value was less
than 3.84. As a last check, taking final results from an earlier itera-
tion of the model, we added and subtracted a number of paths
that were marginal by significance and/or magnitude to see if we
could arrive at a better overall fit and indeed produced a modest
improvement in fit and explanatory power.

We utilized three fit indices that reflect, in different ways, the
success of the model in balancing explanatory power and parsi-
mony: the Tucker-Lewis index (50), the comparative fit index (51),
and the root mean square error of approximation (52). For the
Tucker-Lewis index and comparative fit index, values between
0.90 and 0.95 are considered acceptable and values 20.95 as good.
For the root mean square error of approximation, good models
have values <0.05, while values >0.10 are considered poor.

Results

Model Fitting

Of the 1,942 female twins who participated in the fourth
interview wave, 176 (9.1%) reported a depressive episode
meeting DSM-III-R criteria in the last year. The best fitting
model predicting the occurrence of these episodes (fit to
five replicates) produced a chi-square of 5,074.4 with 1,603
degrees of freedom. This model, which accounted for
52.1% of the variance in liability to major depression in the
last year, produced the following fit indices: comparative
fit index=0.951, Tucker-Lewis index=0.950, and root mean
square error of approximation=0.033.
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TABLE 1. Mean Factor Loadings for Observed Measures of
Five Latent Predictor Variables for an Episode of Major De-
pression in the Last Year in 1,942 Female Twins?

Mean

Latent Variable and Observed Measure Loading
Disturbed family environment

Parental warmth? 0.78

Family environment© 0.87
Neuroticism

Neuroticism,d FFQ 0.82

Neuroticism,d FF1 0.78

Neuroticism,d FF3 0.77
Self-esteem

Self-esteem,© FF1 0.77

Self-esteem,® FF3 0.79
Social support

Social support, FF1 0.79

Social support,| FF3 0.76
Substance misuse

Alcohol abuse or dependence$ 0.73

Drug abuse or depenqlenceh 0.74

Nicotine dependence' 0.82

2 Data collected in five waves (FFQ and FF1-FF4) from 1987 to 1997
from Caucasian female twins born during 1933-1972 and included
in the Virginia Twin Registry.

b Assessed with a modified version of the Parental Bonding Instru-
ment (33, 34).

¢ Assessed with 14 items from the Family Environment Scale (35).

d Assessed with the 12-item version of the Revised Eysenck Personal-
ity Questionnaire (39).

€ Assessed with the Rosenberg Self-Esteem Scale (40).

f Assessed with items measuring level of problems with relatives and
level of church and club attendance.

& Lifetime DSM-III-R diagnosis.

M Lifetime DSM-IV diagnosis.

I Score of >7 on the Fagerstrom Tolerance Questionnaire (42).

Parameter Estimates

As seen in Table 1, the loadings of the different manifest
measures on each of the five latent variables were similar,
ranging from 0.73 to 0.87. The parameter estimates of the
best-fit structural model are depicted in Figure 1, and the
expected correlations among the 19 variables are shown in
Table 2. We review the results of this model one variable at
a time. In this model, the predicted path coefficients re-
flect the unique relationship between variables adjusting
for all the other possible relationships through other pa-
rameters in the model.

Childhood Risk Factors

Substantial interfactor correlations were seen between
the four childhood risk factors. In particular, high genetic
risk for major depression was associated with increased
levels of disturbed family environment, childhood sexual
abuse, and childhood parental loss.

As seen in Figure 2, high genetic risk for major depression
was uniquely predictive of elevated levels of neuroticism—
a key “temperamental” risk factor for later depression—
substance misuse, and exposure to lifetime traumas and di-
vorce. The level of genetic risk for major depression also
uniquely predicted both a past history of major depression
and the probability of a depressive episode in the last year.

A disturbed family environment uniquely predicted all
four early adolescent risk factors, with the strongest effect
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on conduct disorder, followed by neuroticism (Figure 1).
Disturbed family environment strongly predicted level of
social support. Controlling for other variables in the model,
disturbed family environment also increased the proba-
bility of exposure to three “environmental” risk factors:
lifetime trauma, marital problems in the last year, and dif-
ficulties in the last year.

Childhood sexual abuse uniquely predicted three of the
four early adolescent and three of the four late adolescent
risk factors, with its strongest effects on conduct disorder
and lifetime trauma. In addition, childhood sexual abuse
was associated with both difficulties and independent
stressful life events in the last year.

Controlling for other variables in the model, childhood
parental loss uniquely predicted only low educational
attainment.

Risk Factors of Early Adolescence

Neuroticism had a particularly strong relationship with
low self-esteem and early-onset anxiety disorders. High
levels of neuroticism also predicted low levels of social
support and marital problems in the last year. After the
two classes of stressful life events, neuroticism was the
strongest predictor of risk of onset of major depression.

Low self-esteem had a substantial influence on low edu-
cational attainment as well as predicting marital difficul-
ties in the last year.

Early-onset anxiety disorder increased the risk for con-
duct disorder, low social support, and substance misuse, as
well as exposure to lifetime trauma and independent stress-
ful events in the last year. Along with the measured genetic
risk factors, early-onset anxiety disorder was the only vari-
able to uniquely predict risk both for past history of major
depression and for depressive episodes in the last year.

Conduct disorder symptoms increased the risk for life-
time traumas, low social support and, especially strongly,
substance use. In addition, a history of conduct disorder
was a direct and independent risk factor for the onset of
major depression in the past year.

Risk Factors of Late Adolescence

Low educational attainment uniquely predicted lifetime
traumas, substance misuse, and the risk for divorce. Life-
time trauma also predicted divorce, past history of major
depression, and difficulties and independent stressful life
events in the last year. Low social support was a unique
predictor only of substance misuse.

Substance misuse, the most “connected” variable in the
model, was the second strongest predictor of a history of
major depression and predicted exposure to three “envi-
ronmental” risk factors: history of divorce, last year diffi-
culties, and dependent stressful life events.

Adult Risk Factors

Ever being divorced and past history of major depres-
sion were both predicted by an array of upstream vari-
ables. Ever being divorced uniquely predicted only past
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FIGURE 1. Path and Correlation Estimates of the Best-Fitting Model for Predicting an Episode of Major Depression in the

Last Year in 1,942 Female Twins?

Disturbed
family
environment

Genetic risk
for major
depression

Ever divorced

Difficulties
in last year
I

Marital problems
in last year 1

A2 16 .10 .10

Childhood
sexual abuse

Childhood
parental loss

Past history of
major depression

Dependent stressful
life events in last year

Independent stressful
life events in last year

2 Two-headed arrows represent correlation coefficients, and one-headed arrows represent path coefficients or standardized partial regression
coefficients. Latent variables—indexed by observed variables in a measurement model—are depicted in ovals, and observed variables are
depicted in rectangles. All variables have estimated residual variance that is not depicted in the figure. See text for a description of each

variable.

history of major depression and last-year marital prob-
lems, while past history of major depression predicted
last-year dependent stressful life events and risk for an ep-
isode of major depression in the last year.

Last-Year Risk Factors

Our model included four measures of environmental
adversity in the last year. Two represented difficulties and
were not timed relative to episode onset. In contrast, two
represented stressful life events that had to occur in tem-
poral proximity to the onset of major depression. All four

Am | Psychiatry 159:7, July 2002

of these risk factors were uniquely related to risk for major
depression, with the impact of events being stronger than
difficulties.

Episode of Major Depression in the Last Year

As depicted in Figure 3, the unique influences on risk for
major depression are diverse and include genetic risk, three
risk factors from early adolescence, past history of major de-
pression, and all four last-year risk factors. Quantitatively,
the three strongest risk factors were dependent and inde-
pendent stressful life events in the last year and neuroticism.
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TABLE 2. Correlation Matrix for Variables in the Best-Fitting Model for Predicting an Episode of Major Depression in the
Last Year in 1,942 Female Twins?

Correlation
Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

1. Genetic risk for major

depression —
2. Disturbed family

environment 029 —
3. Childhood sexual abuse  0.20 0.32 —
4. Childhood parental loss 0.22 0.33 0.17 —
5. Neuroticism 0.22 032 024 013 —
6. Low self-esteem 0.18 032 0.20 0.12 0.73 —
7. Early-onset anxiety 0.15 0.31 0.23 0.12 048 036 —
8. Conduct disorder 0.14 038 0.33 0.14 0.20 0.18 030 —
9. Low education 0.09 0.15 0.14 0.15 0.24 0.31 013 0.09 —
10. Lifetime trauma 0.20 0.25 031 0.12 0.19 0.17 0.25 0.22 0.18 —
11. Low social support 0.19 0.55 0.24 0.19 0.38 0.32 0.38 0.47 0.13 020 —
12. Substance misuse 0.27 0.42 0.43 0.19 0.33 0.30 047 0.64 0.28 039 052 —
13. Ever divorced 0.17 0.15 0.16 0.09 0.14 0.14 0.14 0.15 0.24 0.39 0.14 026 —
14. Past history of major

depression 0.25 0.25 0.23 0.12 0.26 0.21 0.48 0.27 0.16 0.34 0.27 0.44 034 —
15. Marital problems in the

last year 0.11 0.23 0.12 0.09 0.29 0.27 0.17 0.12 0.12 0.13 0.18 0.17 0.22 014 —
16. Difficulties in the lastyear 0.12 0.23 0.22 0.10 0.16 0.15 0.18 0.23 0.11 0.20 0.21 034 0.13 0.17 021 —
17. Dependent stressful life

events in the last year 0.08 0.12 0.11 0.05 0.12 0.11 0.14 0.15 0.08 0.11 0.14 0.23 0.11 0.19 0.23 010 —
18. Independent stressful life

events in the last year 0.07 0.12 0.24 0.06 0.12 0.09 0.22 0.11 0.05 0.16 0.11 0.16 0.07 0.13 0.05 0.08 0.05 —
19. Episode of major

depression in lastyear 0.26 0.29 0.26 0.13 0.39 0.31 042 0.33 0.15 0.24 030 0.40 0.19 040 0.35 0.29 0.50 0.34
4 Data collected in five waves from 1987 to 1997 from Caucasian female twins born during 1933-1972 and included in the Virginia Twin
Registry.
Discussion model, we experimented with shifting the order of vari-

The goal of this report was to derive empirically an inte-
grated, developmental model for the etiology of major de-
pression in women that improved in several significant
ways on the model presented in our previous report (30).
Given the sample size and the complexity of our model, its
fit, as assessed by three different indices, was quite good.
These results suggested that we succeeded in our attempt
to identify a model with a good balance of parsimony and
explanatory power. It is relatively rare in the human be-
havioral literature to explain more than 50% of the vari-
ance for an outcome such as major depression, especially
when it is assessed over as short an interval as 1 year.

Methodologic Limitations

Our efforts should, however, be interpreted in the con-
text of six potentially critical methodologic limitations.
First, our analytic model assumed a causal relationship
between predictor variables (at the top of arrows) and de-
pendent variables (at the bottom of arrows). The probable
validity of this assumption varies across our model. For ex-
ample, the path from genetic risk to neuroticism could
only plausibly go in one direction. By contrast, the rela-
tionship between low self-esteem and low educational at-
tainment or between divorce and past history of major de-
pression is likely bidirectional. In some instances, the
temporal ordering of our assessments over the four waves
of interviews provided some confidence in our causal as-
sumptions. Furthermore, after the completion of our
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ables. The overall fit of the model consistently declined,
and little change was seen in path estimates. It is unlikely
that our parameter estimates are far off because of as-
sumptions of directions of causality. However, it is proba-
ble that in some parts of our model, intervariable relation-
ships that we assume take the form of A—»B may be truly
either A«B or, more likely, A<>B.

Second, some variables were assessed by long-term ret-
rospective recall. Numerous studies have suggested that
such data are subject to recall bias that is more likely to
overestimate than to underestimate causal relationships
(53-55). Ideally, this study should have been done pro-
spectively with a twin cohort followed from birth, but this
strategy was not feasible. Within the limits of a longitudi-
nal design beginning with a cohort in early to mid-adult-
hood, we did several things to minimize this problem. We
combined reports across raters (including parents for the
key variable of disturbed family environment), thereby re-
ducing the impact of individual rater bias. Many variables
were assessed in a prospective fashion, i.e., we asked
about the variables during the interviews that occurred
before the interview at which the prevalence of major de-
pression in the last year was assessed. This strategy should
have reduced some aspects of reporting bias. The refer-
ence period for several key variables was the last year,
keeping the time frame of recall to a minimum. For stress-
ful life events, individual dates were required, which may
have improved recall. Three key variables (childhood pa-
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FIGURE 2. Paths and Correlations Involving Genetic Risk for Major Depression in the Best-Fitting Model for Predicting an
Episode of Major Depression in the Last Year in 1,942 Female Twins
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rental loss, educational attainment, and history of di-
vorce) were relatively objective and probably subject to
less recall bias. Finally, many important variables such as
neuroticism and social support were assessed at multiple
waves, thereby reducing the bias expected from any one
time of reporting.

Third, the models we employed assumed that multiple
independent variables act additively and linearly in their
impact on a dependent variable. This is unlikely to be true
for the etiology of major depression (e.g., 24, 44, 56). Al-
though we could have included interactions in our model,
the analysis and subsequent interpretation of the very
large number of such possible interactions among these
variables is daunting.

Fourth, the subjects consisted of epidemiologically sam-
pled adult white female twins born in the Commonwealth
of Virginia. We (57, 58) and others (59) have found that, with
respect to the rates of psychopathology, including depres-
sive symptoms and major depression, twins are representa-
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tive of the general population. Furthermore, the 1-year
prevalence of major depression in our study (mean=9.1%,
SD=0.7%) is in the range of rates reported for women in two
previous large U.S. national studies (5.0% [60] and 12.9%
[61]) and nearly identical to that recently reported in a gen-
eral population study of women in Norway (mean=9.7%,
SD=0.9%) (62). It is likely that our sample is broadly repre-
sentative of white North American and perhaps Northern
European women. However, the results for men or women
from other ethnic groups might differ substantially.

Fifth, our model is likely to underestimate the impact of
genetic factors on the etiology of major depression in two
ways. First, our measure of genetic risk for major depres-
sion was indirect and did not incorporate the most power-
ful use of the twin model—the direct comparison of corre-
lations between monozygotic and dizygotic twins. Second,
we did not include in our model the well-known genetic in-
fluences on neuroticism (63, 64), anxiety disorders (65),
conduct disorder (66, 67), or substance use (32, 68, 69).
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FIGURE 3. Paths Involving Episode of Major Depression in the Last Year in the Best-Fitting Model for Predicting an Episode

of Major Depression in the Last Year in 1,942 Female Twins
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Sixth, in the evaluation of direct paths to last-year de-
pression, a model of this complexity has a built-in bias.
Upstream variables, such as childhood risk factors, have
many more possible indirect pathways to risk for major
depression than do downstream variables. Thus, all other
factors being equal, direct paths will tend to be weaker for
upstream variables and become progressively stronger for
downstream variables closer in the model to the depres-
sive onsets.

Summary and Implications of Findings

These results, which strongly support previous work
suggesting that major depression is a complex, multifacto-
rial disorder, suggest three major pathways to major de-
pression: internalizing (Figure 4), externalizing (Figure 5),
and adversity (Figure 6). The internalizing pathway is an-
chored by two variables: neuroticism and early-onset anx-
iety disorders. The externalizing pathway is similarly an-
chored by two variables: conduct disorder and substance
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misuse. The adversity pathway is more extensive, begin-
ning with the three childhood risk factors of disturbed
family environment, childhood sexual abuse, and parental
loss, flowing through low educational attainment, lifetime
trauma, and low social support to ever divorced and then
influencing all four last-year environmental risk factors.
This last pathway might be better termed “adversity-inter-
personal difficulties,” as many of the depressogenic con-
sequences of the earlier adversities appear to be in the
realm of troubled interpersonal relationships.

These three pathways are interlinked in four important
ways. First, genetic risk factors for major depression con-
tribute to all three pathways. Second, childhood adversi-
ties are strong risk factors for externalizing disorders.
Third, externalizing disorders are substantial predictors
for later adversity. Finally, to a more modest extent, inter-
nalizing variables also predispose to future adversity.

Of the many points that could be emphasized in this
rich set of results, we specifically comment on eight. First,
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FIGURE 4. Paths Reflecting a Broad Internalizing Pathway to Major Depression in the Best-Fitting Model for Predicting an
Episode of Major Depression in the Last Year in 1,942 Female Twins
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this model illustrates the problem that in studying nuclear
families, genetic and environmental risk factors for major
depression are confounded. Substantial correlations were
seen between measures of genetic risk and indices of
childhood environmental adversity.

Second, our model accounted for 52% of the variation in
liability to onset of major depression in a 1-year period. Al-
though this result reflects a high level of predictability for
the behavioral sciences, it can be legitimately asked why
the model did not account for more variance. One reason
is that major depression was not diagnosed with perfect
accuracy. In our short-term test-retest sample, the kappa
coefficient (70) and the tetrachoric correlation for diagno-
sis of major depression were 0.60 (SD=0.09) and 0.86 (SD=
0.06), respectively, suggesting that about 15% of the vari-
ance in liability to major depression was measurement er-
ror. Many of our predictor variables themselves contained
error, and our list of such variables was hardly exhaustive.
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For example, neuroticism and self-esteem are unlikely to
capture fully the temperamental and cognitive substrates
ofliability to major depression. We had no measures of de-
fense styles, coping strategies, or biological markers of
vulnerability. Some of the unexplained variance in liability
could result from interactions between risk factors that
were not captured in our additive model. A year is a rela-
tively short sampling period, and our predictability might
increase if we examined a longer time period.

Third, our results illustrate the probable intricacy of the
“gene-to-phenotype” pathway for complex psychiatric
disorders such as major depression. Of the nine paths
from genetic risk factors in our model, three involved cor-
relations with key childhood environmental adversities.
These relationships could be mediated through the geno-
type of the parents or the genotype of the twin. In the
former, parents of affected twins would, on average, have
high liability to major depression, which would predis-
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FIGURE 5. Paths Reflecting a Broad Externalizing Pathway to Major Depression in the Best-Fitting Model for Predicting an
Episode of Major Depression in the Last Year in 1,942 Female Twins
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pose directly to family discord and divorce. In the latter,
the twin’s own childhood temperament, influenced by ge-
netic factors, would directly contribute to familial distur-
bances. Two of the nine paths involve more unambigu-
ously what we have previously termed “genetic control of
exposure to the environment” (71), in which individuals at
high genetic risk for major depression select themselves
into lifetime traumas and divorce, which in turn increase
the risk for depressive episodes. Consistent with prior
work (72), one path suggests that genetic risk factors for
major depression act in part by influencing personality.
Substance misuse was also an important intervening vari-
able between genes and major depression in our model.
Finally, in addition to having an indirect influence on
these pathways, genetic risk factors directly increase the
probability for both prior and last-year episodes of major
depression. Genetic factors were the only childhood risk
factor to directly influence the latter outcome.
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Fourth, consistent with prior results (37), childhood sex-
ual abuse in women had a unique, diverse, and substantial
impact on a wide range ofrisk factors for major depression
that could not be accounted for by the observed positive
correlations with disturbed family environment, parental
loss, or genetic risk. It is noteworthy that, unlike disturbed
family environment, childhood sexual abuse uniquely
contributed to lower educational attainment and sub-
stance misuse.

Fifth, several negative results are worthy of comment.
When the analysis controlled for level of neuroticism, low
self-esteem was not a major predictor of other risk factors
or of major depression itself. In this data set, stable nega-
tive self-schemata were not a potent unique risk factor for
major depression. Neither educational status, used partly
as a proxy for social class, nor social support had more than
a modest and indirect effect on risk for major depression.

Sixth, consistent with prior findings (11), early-onset
anxiety disorder in women was a unique and potent risk
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FIGURE 6. Paths Reflecting a Broad Adversity/Interpersonal Difficulty Pathway to Major Depression in the Best-Fitting
Model for Predicting an Episode of Major Depression in the Last Year in 1,942 Female Twins
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factor for both past history and last-year major depression,
independent of the trait neuroticism with which it was
highly correlated. Given prior results in this sample, we
were surprised that the final model did not include a direct
path from genetic risk factors to early-onset anxiety. This
path was present in early versions of the model, but in the
reduced version it was subsumed into the indirect path
from genetic risk to neuroticism to early-onset anxiety.

Seventh, as shown previously (30), in the prediction of
episodes of major depression over short time periods, re-
cent environmental adversity remained the strongest risk
factor. However, the probability of exposure to stressful life
events was in turn at least weakly predicted by a range of
upstream variables in the model.

Last, although several prior twin analyses with this sam-
ple showed no evidence for a familial-environmental con-
tribution to the etiology of major depression (31, 73, 74),
the present results suggest that a disturbed family envi-
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ronment may play an importantrole in the developmental
cascade leading to depression. Two possible explanations
for this apparent discrepancy are noteworthy. First, family
environment in twin studies is defined as those environ-
mental factors that impact on liability equally in both
members of the twin pair. As Plomin and colleagues (75,
76) have pointed out, many aspects of the family are likely
to impact differently on different children, either because
one child is singled out or because the children react dif-
ferently to the same stressor owing to differences in tem-
perament or maturity. Furthermore, we found only mod-
est twin concordance for childhood sexual abuse in this
sample (37), suggesting that this key risk factor will—from
the perspective of twin modeling—contribute more to in-
dividual-specific than to familial-environmental effects.
Second, twin modeling for dichotomous traits with realis-
tic sample sizes is a blunt tool. Power analyses showed
that, in our female-female twin cohort, given the presence
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of substantial genetic effects, we could easily miss famil-
ial-environmental factors that could account for up to
20% of the variance in liability (77).
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