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Background. The nature of the relationship between depressive vulnerability (DV) and acute adversity in the etiology of
major depression (MD) remains poorly understood.

Method. Stressful life events (SLEs) and MD onsets in the last year were assessed at four waves in cohort 1 (females) and
at two waves in cohort 2 (males and females) from the Virginia Adult Twin Study. Structural equation modeling was
conducted in Mplus.

Results. In cohort 1, DV was strongly indexed by depressive episodes over the four waves (paths from +0.72 to 0.79) and
predicted by SLEs in the month of their occurrence (+0.31 to 0.36). Wave-specific DV was associated both with stable DV
(+0.29 to 0.33) and by forward transmission of DV from the preceding wave (+0.33 to 0.36). SLEs were predicted by stable
DV (+0.29) and from SLEs in the preceding month (+0.06). As the cohort aged, MD onsets were better indexed by DV and
more poorly predicted by SLEs. Parameter estimates were similar in males and females from cohort 2. In individuals
with prior depressive episodes, the association between MD onset and SLEs was weakened while the prediction of
SLEs from DV was substantially strengthened. We found no evidence for ‘reverse causation’ from MD episodes to SLEs.

Conclusion. The interrelationship between DV and acute adversity in the etiology of MD is complex and temporally
dynamic. DV impacts on MD risk both directly and indirectly through selection into high stress environments. Over
time, depressive episodes become more autonomous. Both DV and SLEs transmit forward over time and therefore
form clear targets for intervention.
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Introduction

What is critical in understanding an integrated system is the
willingness to go beyond what can be learned by studying
component reactions in isolation. One must attempt to de-
velop comprehensive models that integrate different pro-
cesses in accounting for systemic behavior (Bechtel &
Richardson, 1993, p. 171)

Episodes of major depression (MD) commonly arise as
a result both of long-term vulnerability and experi-
ences of acute adversity. This vulnerability derives in
part from genetic risk factors (Sullivan et al. 2000)
and early traumatic experiences (Kessler et al. 1997;
Kendler et al. 2000a), and is reflected in personality
traits such as neuroticism (Hirschfeld et al. 1989;
Boyce et al. 1991; Kendler et al. 1993b). Acute

depressogenic adversity is most commonly operation-
alized as stressful life events (SLEs) which powerfully
predict risk for depressive onsets (Brown & Harris,
1978; Kessler, 1997; Kendler et al. 1998).

This simple picture, however, does not adequately
capture the complexity of the causal pathways to de-
pressive episodes. First, exposure to SLEs is modestly
heritable (Kendler et al. 1993a; Bemmels et al. 2008;
Boardman et al. 2011), and the same genetic risk factors
and personality traits that increase risk for MD also
predispose to SLE exposure (Kendler & Karkowski-
Shuman, 1997; van Os et al. 2001; Boardman et al.
2011). Therefore, the SLE–MD association does not
likely arise solely because SLEs cause MD but also be-
cause they both share common antecedents. Second, as
Prince Hamlet says, ‘When sorrows come, they come
not single spies, but in battalions.’ One SLE (such as
financial difficulties) can predispose to subsequent
SLEs (such as marital discord) (Conger et al. 1990).
Third, depressive episodes can produce scars manifest
by changes in personality, cognitive style and relation-
ship quality (Lewinsohn et al. 1981; Kendler et al. 1993b,
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2011). These changes can then increase risk for future
episodes so that the liability to depression can perpetu-
ate itself over time. Fourth, the time period over which
SLEs have a direct effect on MD onset has been
debated with temporal windows ranging from 1
month to 1 year or more (Bebbington et al. 1981,
1984; Solomon & Bromet, 1982; Brugha et al. 1990;
Kendler et al. 1998). Fifth, while SLEs have a relatively
clear causal association with depressive onsets
(Kendler et al. 1999; van Praag, 2004; Kendler &
Gardner, 2010), a reverse causal path needs to be con-
sidered. That is, depressive episodes can increase the
risk for future SLEs (Hammen, 1991). Finally, the asso-
ciation between SLEs and MD may not be stable over
the course of a depressive illness. After repeated epi-
sodes, as suggested by the kindling hypothesis, de-
pressive onsets may become more autonomous and
less closely related to adversity (Post, 1992; Kendler
et al. 2000b; Monroe & Harkness, 2005).

While each of these effects has been individually
examined, we are unaware of the development and ap-
plication to longitudinal data of a more comprehensive
and integrative etiologic model for depressive vulner-
ability, SLEs and MD. That is the goal of this report.
We seek, by this effort, to estimate jointly the strength
of these postulated relationships simultaneously, there-
by obtaining a more complete picture of etiologic path-
ways to depressive episodes.

More explicitly, we develop a model from records of
the occurrence of SLEs and MD onsets in each of 12
months prior to a structured interview. We then
apply this model to four 1-year periods in cohort 1 –
a population-based sample of female twins assessed
over a decade. We can thereby examine the temporal
stability of these key relationships. We then apply
this model to cohort 2 consisting of two waves of
data on male and female twins from a population-
based registry. This permits us to examine the cross-
cohort stability of our estimates and explore the
stability of our parameter estimates across sexes.
Finally, in cohort 1, we model kindling effects by
examining interactions between SLE occurrence and
the history of prior depressive episodes.

Method

Sample

Participants were derived from two inter-related
cohorts of Caucasian same-sex twin pairs who partici-
pated in the Virginia Adult Twin Study of Psychiatric
and Substance Use Disorders (Kendler & Prescott,
2006). All subjects were ascertained from the
population-based Virginia Twin Registry formed
from a systematic review of birth certificates in the

Commonwealth of Virginia. Cohort 1 consisted of
female–female twin pairs, born during 1934–1974,
who were eligible if both members responded to a
mailed questionnaire in 1987–1988. This cohort (n =
2163 at the first wave) was interviewed four times in
person or by telephone from 1987 to 1997, with cooper-
ation rates ranging from 85% to 93%. At the fourth
wave, an additional younger set of 217 twins inter-
viewed only once before were included. The mean
(S.D.) ages of female twins at the four interview
waves were, respectively, 30.1 (7.6), 31.6 (7.5), 35.1
(7.5), and 36.3 (8.2). At the first wave, the mean (S.D.)
of years of education of this cohort was 14.1 (2.3).

Cohort 2 consisted of male–male/male–female pairs
(birth years 1940–1974) ascertained, with a 72% co-
operation rate, directly from registry records contain-
ing all twin births. Cohort 2 was studied after cohort
1 and we did not include the earlier birth years so as
to ascertain samples of similar age. The first interview
was completed largely by phone in 1993–1996 and was
followed by a second wave of interviews conducted
largely face to face in 1994–1998, with a response rate
of 83%. For the two waves of the male–female twin
sample, the mean ages were 35.5 (9.1) and 37.0 (9.1),
respectively. Sample sizes available for analysis in
cohorts 1 and 2 are seen in Table 1. At the first wave,
the mean (S.D.) of years of education of this cohort
was 13.6 (2.6).

Interviews were separated by a minimum of 1 year
and were conducted by a carefully trained mental
health professional blind to knowledge about the
co-twin. Informed consent was obtained prior to all
personal interviews and assent prior to all phone inter-
views. Zygosity was determined by discriminate func-
tion analyses using standard twin questions validated
against DNA genotyping in 496 pairs (Kendler &
Prescott, 1999).

Measures

In all interviews, twins were asked about the occur-
rence in the last year of 15 symptoms reflecting all
DSM-III-R A criteria for MD. As detailed elsewhere
(Kendler & Prescott, 2006), questions for this section
were adapted from the SCID interview (Spitzer &
Williams, 1985). They then aggregated these symptoms
in time, reported total number of episodes and dated,
to the month, the onset and offset of each episode.
Test–retest reliability for last year MD was good: κ =
0.74 (S.E. = 0.08) tetrachoric r = 0.96 ± 0.03. At each inter-
view, each twin was systematically asked about the
occurrence, at any time in the preceding 12 months,
of 11 ‘personal’ events (such as major marital pro-
blems, job loss and assault) and four classes of ‘net-
work’ SLEs (such as death or difficulties getting
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along with key individuals in their family or social net-
work), each event being dated to the nearest month
with high inter-rater reliability (Kendler et al. 1998).
Our criteria for the conclusion of one depressive epi-
sode and the start of a second was the report that the
respondent felt they were ‘back to their usual self’ for
a period of at least 2 weeks. While this is a relatively
short time period, the respondent had to be free of de-
pressive symptoms so that even if they met a few cri-
teria, they would still be considered in episode.

We examined potential predictors of depressive vul-
nerability in our female–female twins using a range of
variables detailed elsewhere (Kendler et al. 2002;
Kendler & Prescott, 2006). Neuroticism was assessed
with a measurement model utilizing the mean of
scores for the short (12-item) version of the Revised Ey-
senck Personality Questionnaire (Eysenck & Eysenck,
1975) available at four assessment waves. Genetic
risk was assessed from the lifetime history of MD
and generalized anxiety disorder in co-twins and par-
ents. Disturbed family environment was measured by
14 items from the Family Environment (Moos &
Moos, 1986) using reports for the twin, co-twin and
parents. Parental warmth, assessed using the Parental
Bonding Instrument (Parker et al. 1979), was calculated
for each twin pair as the mean of the self-report and
co-twin report of maternal and paternal warmth
assessed at our second wave interview.

Statistical methods

Our dependent variable was onset of a depressive epi-
sode meeting DSM-III-R criteria in any of the 12

months prior to interview. Months when individuals
were in an episode were censored. SLEs were a binary
variable indicating the occurrence of at least one event
in that month. The history of prior MD episodes came
either from a separate section of the interview that
assessed personal history prior to the past year or
from previous months in the current year.

For each year, we created a latent variable for de-
pressive vulnerability (DV) using the 12 months of bin-
ary depression onsets as measured indicators. To
obtain stable estimates with sparse data, the loadings
were constrained to equality across months. The latent
variables were assigned a mean of zero and residual
variance of 1. In our female sample, the latent variables
for DV for each of the four 1-year intervals were then
treated as indicators for a higher level latent variable
representing temporally stable DV. That is, our tempor-
ally stable DV is a latent variable indexed by the occur-
rence of depressive episodes across the waves of
interviews. The magnitude of the paths from this DV
variable to the wave-specific DV (which are loadings
on a common factor) reflects the degree of temporal
stability of this long-term vulnerability. Autoregressive
paths were added between each adjacent 1-year latent
variable to represent forward transmission of DV. The
male–male, male–female twin-pair data were modeled
similarly except that only two 1-year periods were
available, and males and females were treated as sep-
arate groups.

Since binary variables served as both dependent and
independent variables, model fitting was carried out
using the theta parameterization in Mplus 6.11 and
mean and variance adjusted weighted least squares

Table 1. Onsets of major depression in the last year across the four waves of assessment in the female-female twin sample and two waves of
assessment in the male-female twin sample

Cohort Sex Wave Total N Total eligible, Na

Number of onsets of MD (% of subjects)b

Total Prior episode No prior episode

Cohort 1 F 1 2163 2137 204 (9.5%) 126 (19.0%) 78 (5.3%)
Cohort 1 F 2 2003 1979 185 (9.3%) 109 (16.0%) 76 (5.9%)
Cohort 1 F 3 1898 1871 155 (8.3%) 132 (16.3%) 23 (2.2%)
Cohort 1 F 4 1943 1911 176 (9.2%) 141 (16.9%) 35 (3.2%)

Cohort 2 F 1 1729 1650 146 (8.8%) 92 (16.8%) 55 (4.9%)
Cohort 2 F 2 1402 1335 169 (12.7%) 129 (19.5%) 40 (6.0%)
Cohort 2 M 1 5114 4904 282 (5.8%) 143 (12.3%) 139 (3.7%)
Cohort 2 M 2 4240 4079 287 (7.0%) 219 (14.3%) 68 (2.7%)

F, Female; M, male; MD, major depression.
aWere not eligible for MD onset either because they were in an episode of MD the entire year or because of missing data.
b For simplicity, we do not present the number of subjects in each cohort and wave who have v. have not had a prior

depressive episode which represent the denominator used for the calculation of the percentages of MD onsets in these two
groups presented in the last two columns of the table.
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(WLSMV) as the estimator (Muthen & Muthen, 2010).
The comparative fit of nested models was carried out
with corrected χ2 statistics using the DIFFTEST utility.
Tests involved examining which parameters could be
dropped from the model and which could be con-
strained to equality across waves or across genders.

To examine the effects of a prior history of MD,
structural models were set up similarly to the
best-fitting model for the overall data, but each
model only applied to 1 year of person-month data.
The first model fit treated all binary SLE data normally
(1 = occurrence, 0 = non-occurrence). The second model
was similar except that SLE data were treated as the
product of life events and prior history (yes = 1, no =
0), so that the event variable is equal to 1 only if
there is an event and the individual had prior depres-
sive episodes. A stronger path in models 2 v. 1 indi-
cates a positive interaction with prior MD history
while weaker path indicates a negative interaction.
Classic interactions could not be identified as prior his-
tory was confounded with our latent measure of DV.

Ethical standards

Informed consent was obtained prior to all personal
interviews and assent prior to all phone interviews.

Results

Female–female sample

Information about the number of onsets of MD in the
year prior to the four interview waves for cohort 1 is
provided in Table 1. The proportion of subjects with
a depressive onset in the last year tended to decline
modestly over the four waves. As expected, the rates
of last year episodes were much higher in waves
with v. waves without prior MD episodes.

The number of first episodes of MD declined sub-
stantially over waves.

Parameter estimates and 95% confidence intervals
for our best-fit model, which had an excellent fit
[root mean square error of approximation (RMSEA) =
0.002, Comparative fit index (CFI) = 0.99, Tucker–
Lewis index (TLI) = 0.99], are seen in Fig. 1. This
model had nine key features. First, as expected, stable
DV was robustly related to DV at each individual
wave. However, the association declined modestly
over waves. Second, the wave-specific DV was itself
transmitted forward over time gaining modestly in
strength as the cohort aged. Third, within waves, as
predicted the wave-specific DV was strongly related
to risk for onset for all 12 months of the year (but
only the first two are depicted in the figure for simpli-
city). The association between wave-specific DV and

risk for onset became modestly stronger as the cohort
aged.

Fourth, within each month, SLE occurrence pre-
dicted risk for depressive onset. The strength of this
relationship declined modestly across waves. From
these estimates, we can calculate that at wave 1, the
wave-specific DV explained 0.722 = 52% of the variance
in liability to depressive onsets compared to 0.362 =
13% for SLE occurrence. Thus, at wave 1, DV
accounted for four times as much variance in predict-
ing onsets as did SLE occurrence. This ratio increased
over time equaling 4.3, 6.1 and 6.2 at, respectively,
waves 2, 3 and 4. Fifth, we modeled a path from
SLEs at month n to depressive onsets at month n + 1.
This path was not significant, suggesting that the tem-
poral window for the direct impact of SLEs on risk for
onset was restricted to a single month.

Sixth, we tried to add a ‘reverse causation’ path from
depressive onsets in month n to SLEs in month n + 1.
This was also not significant, indicating the depressive
onsets did not substantially increase risk for future
SLEs. Seventh, the best-fit model did, however, include
a path for the forward transmission over time for SLEs.
Although some SLEs are not repeatable over short time
intervals (e.g. divorce), we still found that events in one
month directly but modestly predicted events in the
next month. Eighth, SLE occurrence was predicted by
the stable DV at the same level across all four waves.
We can therefore estimate the within-month sources
of correlation between SLEs and depressive onsets.
Looking at wave 1, we have a direct path of +0.36
and an indirect path via the stable and wave 1 depres-
sive vulnerabilities which equals +0.07. Finally, we
tried to add a path from the wave-specific DV to
SLEs. It was not, however, statistically significant.

Male–female sample with two waves

As seen in Table 1, last-year prevalence rates for
MD were generally similar in the females from our
second cohort and our first cohort, both being higher
than those seen in males from our second cohort.
However, higher rates of MD were generally seen for
both sexes in the second wave assessments in cohort
2, largely done face to face, than in our first wave inter-
view, performed over the telephone.

The best fitting joint model for the two waves of
interviews for males and females had a nearly perfect
fit to the data (RMSEA = 0.00, CFI = 1.00, TLI = 1.00).
Parameter estimates are seen in Fig. 2(a,b) for females
and males, respectively. Looking first at the females,
path estimates are very similar to those seen in our
female–female sample in Fig. 1. A few small differ-
ences include slightly stronger paths between the first
and second wave DV, and slightly weaker paths for
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Fig. 1. Parameter estimates from our best-fitting model applied to four waves of interviews in cohort 1. For simplicity, we
present only the first 2 months of the 12-month periods for each of the four waves. Each of the arrows represents
standardized partial correlations. DV, Depressive vulnerability; MD, major depression; SLE, stressful life event. For MD onset
and SLEs, the numbers in the boxes refer to wave and month in wave so that 1-01 reflects the first month in wave 1 and 4-02
the second month of wave 4. Variables in ellipses are latent while variables in rectangles are observed.

Fig. 2. Parameter estimates from our best-fitting model applied to (a) two waves of interviews in females from cohort 2, and
(b) two waves of interviews in males from cohort 2. For abbreviations, see legend to Fig. 1.
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transmission of SLEs from 1 month to the next.
Wave-specific DV indexes depressive episodes onsets
slightly more strongly in wave 2 than wave 1 with
the opposite effect seen for the causal effects of SLEs
on onsets. The association of wave-specific and stable
DV was modestly stronger in wave 1 than wave 2.

We could constrain to equality across sexes all but
one set of paths – the loadings from the wave-specific
DV to MD onset which were slightly higher in females
at wave one. Other differences in the parameter esti-
mates between males and females emerge only be-
cause of differences in the underlying variance.

Kindling in the female–female sample

We fitted separate models to all four waves of our fe-
male–female sample examining all SLEs and then
examining the interaction between SLEs and a history
of one or more prior depressive episode. In all four
waves, in the interactive v. standard model, paths
from SLEs to MD onset were considerably smaller
and the path from DV to SLEs much higher
(Table 2). We also see a more modest decline in the
interactive v. standard model for the path from DV
to MD episodes but this effect gets smaller across
waves and becomes quite modest in the last two
waves.

Predictors of depressive vulnerability

Stable DV was defined in our model as a common
factor indexed by occurrence of MD episodes across
waves. However, because it was of interest to examine
the predictors of the key variable in our model, we con-
ducted exploratory analyses using the rich information
available in our data set (Kendler & Prescott, 2006).
The four strongest predictors for stable DV in our
female–female pairs were (i) the personality trait neur-
oticism (Eysenck & Eysenck, 1975), (ii) genetic risk
(Kendler et al. 2002), (iii) disturbed family environment
(Moos & Moos, 1986), and (iv) low parental warmth
(Parker et al. 1979). That is, our measure of DV reflects
genetic and temperamental risk factors for MD as well
as early environmental adversities.

Discussion

We sought, in this paper, to clarify the temporal and
causal inter-relationships between DV, SLE occurrence
and onset of MD episodes. We here review eight note-
worthy findings from our analyses.

First, our model demonstrates two pathways
through which a stable DV can impact on risk for
MD episodes. The first and stronger pathway is
mediated through the wave-specific DV which is dir-
ectly associated with risk for MD onset. This pathway

can be best conceptualized as involving neurobio-
logical, temperamental and cognitive factors, and is
largely ‘within the skin.’ The second and weaker path-
way involves selection into or the creation of high-risk
environments that increase risk for SLEs which in turn
heightened risk for MD. This is best understood as op-
erating largely ‘outside the skin’ (Kendler, 2001).

Second, DV was strongly transmitted forward in
time from one wave to the next. These findings are con-
gruent with prior evidence that depressive episodes
can scar personality, cognitive style and relationship
quality (Lewinsohn et al. 1981; Kendler et al. 1993b,
2011). That this can occur independently of genetic
risk has been shown in both a clinical-historical
(Kendler & Halberstadt, 2013) and a longitudinal-
symptomatic (Kendler et al. 2011) study of mono-
zygotic twins demonstrating diverging depressive
trajectories despite identical genetic liabilities. These
forward transmission pathways for DV form an obvi-
ous focus for clinical intervention that could not only
relieve current symptoms but break a self-perpetuating
cycle of dysfunction.

Third, our results clarify the temporal relationship
between SLEs and depressive onsets. The window of
directly increased risk for depressive onsets after a
SLE in our findings is short, lasting only a single
month. While consistent with some prior work
(Brown & Harris, 1978), these results suggest that
windows of risk of 6 months (Brugha et al. 1990), 10
months (Bebbington et al. 1984), 1 year (Solomon &
Bromet, 1982), or 6 years (Caspi et al. 2003) used in
prior research are likely to be too long. While SLEs
did not, in our model, directly predict onsets outside
the month of occurrence, they did so indirectly by
causing future events which in turn predicted onsets.
That is, the causal pathway from one SLE to depressive
onset in the next month is SLE1→SLE2→MD2 where
subscripts 1 and 2 represent months 1 and 2.

Fourth, contrary to expectations, depressive onsets
do not in and of themselves predispose to future
SLEs. While we know that being depressed can impair
functional ability in multiple realms (Barnett & Gotlib,
1988; Klerman & Weissman, 1992; Lagerveld et al.
2010), once we control for the causal pathway from
SLE to MD and from SLE to SLE across time, we
find no evidence for MD episodes to cause subsequent
SLEs.

Fifth, in our first cohort, we examined changes in the
etiologic pathways to MD episodes over four waves as
the cohort aged. Wave-specific DV in our model is
caused both by stable DV and DV from the last
wave. As our cohort ages, the influence of the stable
DV declines and the influence of the DV transmitted
from the last wave increases. That is, as our sample
moves from early to mid-adulthood, the control of
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DV is shaped increasingly by prior experiences in
adulthood and less from the enduring effects of
genes, personality and childhood adversity. We also
see a change in influences on depressive episodes
themselves. As our cohort grows older, depressive
onsets are more strongly indexed by the wave-specific
DV and more weakly caused by SLEs. Over adulthood,
depressive episodes may become more autonomous in
nature and less sensitive to environmental precipitants.
We cannot rule out the possibility that this effect arises
from a decline in the average severity of SLEs although
this is unlikely as health-related problems in the sub-
ject and their social network increase with age and
are often among the more depressogenic events
(Kendler et al. 1998). These results were all also seen
in the two waves of our second cohort. This pattern
of findings is also open to a further alternative explan-
ation. Individuals with high DV are surely more prone
to first and subsequent onsets of MD and environmen-
tal adversity may play less of a role in depressive
onsets in them compared to those with low DV. The
proportion of such high DV individuals in 1-year
prevalence samples of depressed cases would then
likely increase as any cohort ages. This hypothesized
explanation of our results, however, is inconsistent
with prior studies of kindling in this sample where
we showed robust within-individual reductions in
the SLE-onset association as individuals experienced
additional depressive episodes (Kendler et al. 2000b).

Sixth, in the four waves of our first cohort, we exam-
ined differences in key parameter estimates from our
model in those without v. with a prior depressive epi-
sode. Congruent with prior results from the ‘kindling’
literature (Post, 1992; Kendler et al. 2000b; Monroe &
Harkness, 2005), our modeling showed that the causal
pathway from SLEs to MD was substantially weaker in
those with v. without prior depressive episodes. These
results are consistent with the changes seen in our

cohorts over time because as our cohort ages, the pro-
portion of depressive episodes that are first onsets v.
recurrences steadily decline. Our kindling analysis
also produced one unanticipated finding. SLE occur-
rence was more strongly predicted by the level of DV
in individuals with v. without a history of MD. For
those with high DV, this vulnerability has at most a
modest impact on selection into stressful situations
prior to their first depressive episode. Once they mani-
fest their first full depressive syndrome, this ‘stress-
selection’ process becomes more robust, perhaps
through increasingly strained inter-personal relation-
ships (Petty et al. 2004).

Seventh, consistent with a recent developmental
twin study (Gillespie et al. 2015), our model contained
two different kinds of environmental contributants to
MD: (i) early adversities such as a disturbed family
environment and poor parental warmth which, by
influencing DV, produced a long-lasting effect and
(ii) concurrent SLEs which had a substantial but
quite short-lived impact on risk.

Eighth, the main features of our model were similar
in men and women. We have previously examined sex
difference in this sample for a broad array of develop-
mental risk factors for MD and found some note-
worthy differences (Kendler & Gardner, 2014). In this
model, which focuses on the temporal structure of
risk for MD, we found, by contrast, very modest differ-
ences. For all intents and purposes, the relationship be-
tween DV, SLEs and onset risk for MD appears to be
the same in men and women.

Limitations

These results should be interpreted in the context of six
potentially significant methodological limitations.
First, our sample includes only adult white twins
born in Virginia and our results may not extrapolate

Table 2. The impact of a history of prior depressive episodes on key path estimates of the modela

Wave
All/prior
MD

Path estimates:
Wave DV→MD onset

Path estimates:
Wave DV→SLE

Path estimates:
SLE→SLE

Path estimates:
SLE→MD onset

1 All 0.70 0.16 0.12 0.30
Prior 0.59 0.49 0.18 0.17

2 All 0.70 0.20 0.13 0.33
Prior 0.65 0.38 0.23 0.22

3 All 0.78 0.22 0.09 0.20
Prior 0.73 0.50 0.06 0.12

4 All 0.78 0.20 0.10 0.21
Prior 0.75 0.44 0.14 0.09

DV, Depressive vulnerability; MD, major depression; SLE, stressful life event.
a For all the models, value of RMSEA was 40.02, CFI 50.91 and TLE 50.90.
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to other samples. With respect to the rates of psycho-
pathology, these twins are broadly representative of
the general US population (Kendler et al. 1996;
Kendler & Prescott, 2006). For example, our 1-year
prevalence rates for MD in females and males are
quite similar to those reported in the National
Comorbidity Survey (Kessler et al. 1994). Second, our
modeling treated each twin as an individual and did
not formally correct for the modest correlations be-
tween twin pairs for the variables in our model.
However, the correlation of the key dependent vari-
able, onset of MD in a particular month, was actually
too low in our twin pairs (+0.014) to produce any
meaningful bias in our findings. Third, the assessments
of SLEs were similar but not identical across the waves
of our interviews. This could have contributed to some
of the differences in parameter estimates across waves.
Fourth, all the data analyzed in this report comes from
self-reports albeit only over the past 12 months. SLEs
were assessed in a different section of the interview
from depressive symptoms. However, we cannot rule
out that some of these results arise from recall errors
or bias. Fifth, it might have been desirable to examine
the effects of specific classes of SLEs or to use ratings
available in our data set on long-term contextual threat
(Kendler et al. 1998). However, attempts to do so in our
sample proved unworkable due to the rarity of more
specific subtypes of life events. Obviously, the param-
eter estimates in our model for SLEs are dependent on
our methods of measurement. If our sample was large
enough to model only severe SLEs, the relevant path
estimates might have been substantially larger.
Finally, although it is tempting to interpret our
model as saying that stable DV ‘causes’ wave-specific
DV that is not an accurate statement. Rather, stable
DV is a latent factor indexed by the wave-specific mea-
sures of DV.

Conclusions

The models presented here capture important features
of the complex and temporally dynamic inter-
relationship between the sustained influences of DV
and the short-term impact of acute adversity in the
etiology of MD. DV – substantially influenced by per-
sonality, genetic risk and early adversities – impacts on
risk for MD both directly on episode onset and indir-
ectly through increasing exposures to stressful situa-
tions. SLEs are important but temporally discrete risk
factors for depressive onsets. Both DV and SLEs per-
petuate themselves over time contributing to the self-
sustaining aspects of depressive illness. Over a decade
of middle adulthood, important developmental
changes are seen in the etiology of MD. DV becomes
more influenced by prior DV and less by stable long-

term risk factors. MD onsets become more strongly
related to wave-specific DV and less influenced by
SLEs. These results also emerged clearly in our ‘kind-
ling’ analyses.

These results have implications for both our concep-
tualization and treatment of psychiatric illness. They
demonstrate cross-level causal effects and outside the
skin pathways – consistent with the need for multi-
level models of psychiatric illness (Kendler, 2012;
2014). As suggested by our introductory quote, to de-
velop realistic etiologic models for complex psychiatric
disorders such as MD, we need to identify and study
individually important risk factors, but then develop
comprehensive models that integrate these different
components so that we can account for the ‘systemic
behavior’ of the overall disease process (Bechtel &
Richardson, 1993). Our approach also highlights the
forward transmission over time of both DV and
SLEs. Using available pharmacologic and psychothera-
peutic tools, our model supports the importance of
intervening in these processes, thereby breaking the
self-perpetuating nature of depressive illness.
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