KENDLER, GARDNER, AND PRESCOTT
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 Twinsa
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a

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 problems, while past history of major depression predicted
last-year dependent stressful life events and risk for an episode 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 temporal proximity to the onset of major depression. All four
Am J 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 depression, and all four last-year risk factors. Quantitatively,
the three strongest risk factors were dependent and independent stressful life events in the last year and neuroticism.
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KENDLER, GARDNER, AND PRESCOTT
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

.22

.33

.20

Genetic risk
for major .29
depression

.12

.24

.14

Neuroticism

.29

.07

.10

Low education

.29

.70

.32

.10

.17 .38

.10

.16

.13

.09

.14

.14

.23

.07

.17

Dependent stressful

.17 life events in last year

in last year

.16 .10 .10

.20

.22

Childhood
parental loss

.27

Conduct
disorder

.15 .09 .34 .16
.21 Substance
.12 misuse
.16

major depression

.05 .07 .24 .07
.13 Difficulties

.12

.17

.09 .11 .26 .21
.16 Past history of

Ever divorced

Marital problems
in last year

.10

Low social
support

trauma

.26

.09

Early-onset
anxiety
.41

.08 .11 .06 .11 .20
.11 Lifetime

.08

Childhood
sexual abuse .17

.15

Low
self-esteem

.16

.33

.20

Disturbed
.32
family
environment

.10

.10

.35

.09

.19

.13

.06

Independent stressful
life events in last year

.23

Episode of major depression in last year

rental loss, educational attainment, and history of divorce) 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). Although 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 sampled 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 depressive symptoms and major depression, twins are representaAm J Psychiatry 159:7, July 2002

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 general population study of women in Norway (mean=9.7%,
SD=0.9%) (62). It is likely that our sample is broadly representative 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 depression was indirect and did not incorporate the most powerful use of the twin model—the direct comparison of correlations between monozygotic and dizygotic twins. Second,
we did not include in our model the well-known genetic influences on neuroticism (63, 64), anxiety disorders (65),
conduct disorder (66, 67), or substance use (32, 68, 69).
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DEVELOPMENTAL MODEL OF DEPRESSION
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 depression, 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 depressive onsets.

Summary and Implications of Findings
These results, which strongly support previous work
suggesting that major depression is a complex, multifactorial disorder, suggest three major pathways to major depression: internalizing (Figure 4), externalizing (Figure 5),
and adversity (Figure 6). The internalizing pathway is anchored by two variables: neuroticism and early-onset anxiety disorders. The externalizing pathway is similarly anchored by two variables: conduct disorder and substance
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misuse. The adversity pathway is more extensive, beginning 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-interpersonal difficulties,” as many of the depressogenic consequences 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 contribute to all three pathways. Second, childhood adversities are strong risk factors for externalizing disorders.
Third, externalizing disorders are substantial predictors
for later adversity. Finally, to a more modest extent, internalizing 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,
Am J Psychiatry 159:7, July 2002

KENDLER, GARDNER, AND PRESCOTT
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. Although 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 diagnosis of major depression were 0.60 (SD=0.09) and 0.86 (SD=
0.06), respectively, suggesting that about 15% of the variance in liability to major depression was measurement error. Many of our predictor variables themselves contained
error, and our list of such variables was hardly exhaustive.
Am J Psychiatry 159:7, July 2002

For example, neuroticism and self-esteem are unlikely to
capture fully the temperamental and cognitive substrates
of liability to major depression. We had no measures of defense 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 relatively 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 correlations with key childhood environmental adversities.
These relationships could be mediated through the genotype 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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DEVELOPMENTAL MODEL OF DEPRESSION
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 genetic factors, would directly contribute to familial disturbances. Two of the nine paths involve more unambiguously 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 variable 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 sexual abuse in women had a unique, diverse, and substantial
impact on a wide range of risk 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 substance 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 negative 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
Am J Psychiatry 159:7, July 2002

KENDLER, GARDNER, AND PRESCOTT
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, recent 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 sample showed no evidence for a familial-environmental contribution to the etiology of major depression (31, 73, 74),
the present results suggest that a disturbed family enviAm J Psychiatry 159:7, July 2002

ronment may play an important role 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 environmental 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 differently to the same stressor owing to differences in temperament or maturity. Furthermore, we found only modest 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 individual-specific than to familial-environmental effects.
Second, twin modeling for dichotomous traits with realistic sample sizes is a blunt tool. Power analyses showed
that, in our female-female twin cohort, given the presence
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