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Objective: Although previous evidence
has suggested that the etiologic role of
stressful life events in major depression is
reduced in recurrent versus first-onset
cases, this question deserves reexamina-
tion because of potential methodological
limitations of the previous studies.

Method: Members of female-female
twin pairs from a population-based regis-
try (N=2,395), who were interviewed four
times over a period of 9 years, formed a
study group that contained 97,515 per-
son-months and 1,380 onsets of major
depression. Discrete-time survival, pro-
portional hazards model, and piece-wise
regression analyses were used to examine
the interaction between life event expo-
sure and number of previous depressive
episodes in the prediction of episodes of
major depression.

Results: For those with zero to nine pre-
vious depressive episodes, the depres-
sogenic effect of stressful life events
declined substantially with increasing ep-

isode number. However, the association
between stressful life events and major
depression was not substantially influ-
enced by additional episodes. This pat-
tern of results was robust to the addition
of indices of event severity, measures of
genetic risk, and restriction to indepen-
dent stressful life events. The same pat-
tern was also seen upon examining within-
person changes in number of episodes.

Conclusions: The association between
previous number of depressive episodes
and the pathogenic impact of stressful life
events on major depression is likely
causal and biphasic. Through approxi-
mately nine episodes, the association be-
tween stressful life event exposure and
risk of major depression progressively de-
clines but is largely unchanged with fur-
ther episodes. These results are consistent
with the kindling hypothesis but suggest a
threshold at which the mind/brain is no
longer additionally sensitized to the de-
pressive state.

(Am ] Psychiatry 2000; 157:1243-1251)

M ajor depression is a recurrent disorder of complex
etiology. While both short-term environmental adversities
such as stressful life events (1) and long-term diatheses
such as genetic risk factors (2—-4) are important causal fac-
tors in major depression (5), we know little about how
these factors act over time. A leading hypothesis, first ar-
ticulated by Kraepelin (6), is that psychosocial stressors
play a greater role in the initial than in subsequent epi-
sodes of depressive disorders. Over the course of illness,
the onset of depressive episodes may become increasingly
autonomous and less related to environmental adversi-
ties. More recently, this pattern has been hypothesized to
result from a sensitization process to the state of depres-
sion (7). Analogous to animal electrophysiologic models,
this has been termed “the kindling hypothesis.” This hy-
pothesis can also be expressed in mental language (8):

Vulnerability to depressive relapse/recurrence is de-
termined by the increased risk of particular negative
patterns of information processing...increased reliance
on these patterns of processing makes it easier for their

Am | Psychiatry 157:8, August 2000

future activation to be achieved on the basis of increas-
ingly minimal cues.

These models predict that with recurrent episodes of
major depression, the role of environmental stressors will
progressively diminish. We know of seven English-lan-
guage studies that have examined this question (9-15). All
found that the proportion of individuals for whom stress-
ful life events preceded their current episode of major de-
pression was greater in those with a first versus recurrent
episode.

However, these studies need to be interpreted in the
context of five methodological issues. First, they all stud-
ied clinical samples, thereby introducing the possible con-
founding effect of help-seeking behavior. For example, a
bias might arise if individuals with recurrent versus first
episodes of depression were more willing to present for
treatment in the absence of a major life stressor. Second,
these studies all compared the proportion of affected indi-
viduals who reported a major stressful life event that pre-
ceded their onset of major depression or the average num-
ber of individual events. This approach is valid only if
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there are no changes in the base rate of stressful life events
with repeated episodes of major depression, a question-
able assumption. In statistical terms, the kindling hypoth-
esis may be more appropriately evaluated as an interac-
tion between the number of previous depressive episodes
and stressful life events in the prediction of risk for an on-
set of major depression. Third, most studies divided their
sample into only two groups (usually one versus two or
more episodes [9, 10, 12, 13, 15]), although two studies ex-
amined three (11) and five groups (14), respectively. None
had a sufficient sample size to explore the “dose-response
curve” of number of previous depressive episodes and de-
pressogenic effect of stressful life events. For example,
does the impact of stressful life events on risk for major
depression decline linearly with increasing number of
previous depressive episodes or does the “kindling effect”
maximize out at some number of previous depressive epi-
sodes? Fourth, stressful life events vary both in their de-
pressogenic potential and their independence of the re-
spondent’s behavior (16). An analysis of the relationship
among previous depressive episodes, stressful life events,
and risk for major depression should consider both the se-
verity and independence of stressful life events. Fifth,
these studies were all cross-sectional, comparing different
patients in their first versus recurrent episodes. These
studies cannot therefore determine whether the differ-
ence in the association between stressful life events and
major depression in those with no versus multiple previ-
ous episodes is due to an effect of previous depressive ep-
isodes or to stable individual differences in event sensitiv-
ity in those with low versus high risk for major depression.
Since those with recurrent major depression have a higher
familial liability to illness than those with single episodes
(3, 17-21), this difference might be mediated genetically.
Therefore, one approach to this problem would be to con-
trol for interindividual differences in the level of familial
risk to major depression. The most powerful approach,
however, would be to follow individuals over time and ex-
amine whether, within individuals, the magnitude of the
association between stressful life events and major de-
pression changes as they accumulate more episodes of de-
pressive illness.

In this study, we reexamine, addressing these method-
ological issues, the relationship among episode onset for
major depression, number of previous depressive epi-
sodes, and stressful life events in a population-based sam-
ple of female twins followed longitudinally over four
waves of personal interviews.

Method

The subjects in this study were members of Caucasian female-
female twin pairs, born between 1934 and 1974, ascertained from
the population-based Virginia Twin Registry (now part of the
Mid-Atlantic Twin Registry). Twin pairs were eligible to partici-
pate if both members had previously responded to a mailed ques-
tionnaire, the response rate to which was approximately 64%. As
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detailed elsewhere (4), 88% of this group was first interviewed
face-to-face in 1988-1989 and has subsequently been the subject
of three additional telephone interview waves during the years
1990 to 1997. The rest of our female-female twin pair members
were first interviewed face-to-face in 1992-1994 (counted as part
of our wave 1) and interviewed a second time (as part of our wave
4 assessment) by telephone in 1996 and 1997. Signed informed
consent was obtained before all face-to-face interviews, and ver-
bal assent was obtained before all telephone interviews. Mean
ages at each assessment wave were as follows: wave 1: mean=29.3
years (SD=7.7); wave 2: mean=31.6 (SD=7.5); wave 3: mean=35.1
(SD=7.5); and wave 4: mean=36.3 (SD=8.3).

The total number of twins who participated in any assessment
wave was 2,395. The number of individuals (and resulting person-
months) for each of the four waves of instruments was as follows:
wave 1: N=2,164 (28,121 person-months); wave 2: N=2,003
(26,039 person-months); wave 3: N=1,899 (24,687 person-
months); and wave 4: N=1,943 (25,259 person-months). Subject
attrition across waves ranged from 8% to 15% (4). All assessments
were separated by at least 13 months.

Assessment of Major Depression

The history of major depression was assessed by structured
psychiatric interview based on the Structured Clinical Interview
for DSM-III-R (SCID) (22, 23). At all interview waves, we assessed
the occurrence over the last year of 14 individual symptoms,
which represented the disaggregated nine “A criteria” for major
depression in DSM-III-R (e.g., two items for criterion A4 to assess
insomnia and hypersomnia). For each reported symptom, inter-
viewers probed to ensure that it was due neither to physical ill-
ness nor medication. The respondents then had to aggregate
symptoms reported over the last year into co-occurring syn-
dromes. If depressive syndromes occurred, respondents were
asked when they occurred and the months of their onset and re-
mission. The diagnosis of major depression was made through a
computer algorithm that incorporated the DSM-III-R criteria
with the exception of criterion B2 (which excludes depressive
syndromes considered to be “uncomplicated bereavement”). In
53 twins, the 1-year history of major depression and the dating of
the depressive episode were assessed with excellent reliability
(kappas of 1.00 and 0.97, respectively) (24).

Atwaves 1, 3, and 4, we also assessed the history of lifetime ma-
jor depression before the last year, including total number of pre-
vious depressive episodes, by using the more traditional skip
structure of the SCID. To assign individuals a number of previous
depressive episodes that could be continuously updated over the
ascertainment period, we began at wave 1 with the number of de-
pressive episodes reported before the previous year (1LT). This
number was updated by adding episodes reported during the
year before the wave 1 interview (1LT+1LY) and updated again by
adding episodes reported during the year before the wave 2 inter-
view (1LT+1LY+2LY). This figure (1LT+1LY+2LY) was then com-
pared with the number of lifetime episodes reported before the
last year at wave 3 (3LT) and the larger of the two was taken and
given the value of 3LT*. This was then updated by adding the
number of new episodes reported during the year before the wave
3 interview (3LT*+3LY). This number (3LT*+3LY) was then com-
pared with the number of lifetime episodes reported before the
last year at wave 4 (4LT) and the larger of the two was taken and
given the value of 4LT*. This was then updated by adding the
number of new episodes reported during the year before the wave
4 interview (4LT*+4LY).

Assessment of Stressful Life Events

As detailed elsewhere (25, 26), in interview sections before
those that covered major depression, we assessed the occurrence
over the last year, to the nearest month, of 11 “personal” events
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(i.e., events that occurred primarily to the informant): assault, di-
vorce/separation, major financial problems, serious housing
problems, serious illness or injury, job loss, legal problems, loss of
confidant, serious marital problems, robbery, and serious diffi-
culties at work. We also assessed four classes of “network” events
(i.e., events that occurred primarily to, or in interaction with, an
individual in the respondent’s social network). These event
classes consisted of 1) serious trouble getting along with an indi-
vidual in the network, 2) a serious personal crisis of someone in
the network, 3) death of an individual in the network, and 4) seri-
ous illness of someone in the network. We defined network as the
respondent’s spouse, child, parent, co-twin, and other nontwin
siblings. The items assessing these events were similar but not al-
ways identical over waves. In addition, we lacked an assessment
of housing problems at wave 1 and network crises at wave 2. In
wave 1, we assessed the interrater reliability for the occurrence
and dating of our stressful life event categories and found them to
be in the good to excellent range, with kappas equaling 0.93 and
0.82, respectively (N=53) (25).

In waves 3 and 4 only, each reported stressful life event was
rated by the interviewer on its level of long-term contextual threat
and dependence (26). After Brown (27), long-term contextual
threat was rated on a 4-point scale: minor, low moderate, high
moderate, and severe. In these analyses, all months were scored
on a 5-point scale for which 1 through 5 reflected the most severe
long-term contextual threat rating of any event that occurred in
that month (a score of 0 meant no event occurrence). Therefore,
the odds ratios in these analyses reflect the increased risk for a
depressive onset for each unit on this long-term contextual threat
scale.

Dependence, reflecting the contribution of the respondent to
the stressful life event, was also rated on a 4-point scale: clearly
independent, probably independent, probably dependent, and
clearly dependent. In these analyses, we dichotomized stressful
life events as those clearly or probably independent versus those
clearly or probably dependent. Reliability of our ratings of long-
term contextual threat and dependence were determined by both
an interrater and test-retest design. Interrater reliability was as-
sessed by having experienced interviewers, blind to the original
codings, review tape recordings of the interview sections in which
92 randomly selected individual stressful life events were evalu-
ated. Test-retest reliability was obtained by blindly reinterviewing
191 respondents at a mean interval of 4 weeks. We obtained 173
scored life events that were reported to have occurred within 1
month of one another and, we assumed, represented the same
event. Spearman correlations and weighted kappas (28) were
used to assess test-retest reliability (long-term contextual threat:
15=0.60 and kappa=0.41; dependence: r,=0.77 and kappa=0.63)
and interrater reliability (long-term contextual threat: r,=0.69 and
kappa=0.67; dependence: rs=0.89 and kappa=0.79) for these 4-
point scales.

Statistical Analysis

We sought to clarify whether the association between stressful
life events and major depression changed as a function of previ-
ous depressive episodes by using an event history analysis with a
discrete-time approach (29-31). The unit of these analyses was
the “person-month.” Data used in these analyses were collected
at up to four different interview waves with an individual twin and
always concerned onsets and events that occurred within the last
year. For each of these months, we recorded which, if any, stress-
ful life events had occurred and whether an episode of major de-
pression had started. Each observation record also included three
covariates: age, the hazard rate for major depression for that
month (to account for the fact that episodes of major depression
were not entirely evenly distributed over the last year) and genetic
risk for major depression, indexed by zygosity and co-twin life-
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FIGURE 1. Nature of the Relationship Between the Number
of Previous Depressive Episodes and 1) the Monthly Risk
for Onset of Major Depression and 2) the Odds Ratio Be-
tween the Occurrence of at Least One Stressful Life Event
in a Month and the Probability of a Depressive Onset in
That Month?@

10

=—@— Risk of onset of depression

Risk of Major Depression /
Odds Ratio for Depressive Onset
Given at Least One Stressful Life Event

==m== 0dds ratio for depression given
0 at least one stressful life event
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Number of Previous Depressive Episodes

2 For sample sizes, standard errors, and confidence intervals (Cls) for
these results, see Table 1.

time history for major depression (25). When a twin experienced
an episode of major depression, she was censored until recovery,
at which time she reentered the study group with the previous de-
pressive episodes variable updated. In addition, our cohort had a
number of women who reported having chronic depression that
began before our period of ascertainment. These individuals were
not considered to have an onset of major depression in the first
study month and were censored from the group for the period
they reported meeting criteria for major depression.

These analyses treat each individual person-month as an inde-
pendent observation with the risk of having an onset of major de-
pression modeled as the dependent variable in a logistic regres-
sion. Allison (29, 31) has shown that, under the assumption of
independence of the individual observations, given one “failure”
event per subject, such a model produces the true maximum like-
lihood estimators and artifactually inflates neither the sample
size nor the test statistic. Some of our twins reported multiple de-
pressive onsets. However, by including previous depressive epi-
sodes as a covariate, we accounted for the major source of non-
independence of individual person-months. Any residual
violations of this assumption will result in standard error esti-
mates that are downward biased, while parameter estimation is
unlikely to be affected. The odds ratio for major depression given
stressful life events is calculated from the logistic regression coef-
ficient after controlling for all the aforementioned covariates. In
these analyses, we examine only the onset of major depression in
the month of event occurrence, as most of the depressogenic im-
pact of stressful life events occurs shortly after the stressful life
event (25, 26). Although our hypotheses were nearly always direc-
tional, two-tailed p values are reported.

To examine the interaction between stressful life events and
previous depressive episodes in the prediction of major depres-
sion, we had to properly specify the relationship between previ-
ous depressive episodes and risk for major depression, which was
complex and clearly nonlinear (Figure 1). To capture this nonlin-
earity, we used a piece-wise, discrete-time survival logistic regres-
sion (32). This model assumes that the relationship between pre-
vious depressive episodes and major depression can be best
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TABLE 1. Relation of Number of Previous Depressive Epi-
sodes to Risk of Onset of Major Depression and Odds of De-
pressive Onset Given at Least One Stressful Life Event in a
Month for 2,395 Members of Female-Female Twin Pairs

Number of

Previous_ Number of Risk of Onset

Depressive Person- ————  0dds

Episodes Months Mean SE Ratio 95% Cl
0 62,349 0.35 0.02 9.38  7.15-12.29
1 13,197 1.55 0.10 6.74 5.06-8.97
2 7,589 2.21 0.17 5.22 3.79-7.17
3 4,799 3.02 0.25 3.63 2.54-5.18
4 3,729 2.98 0.28 3.72 2.49-5.56
5 1,914 4.81 0.49 1.92 1.19-3.08
6 1,175 5.19 0.65 2.45 1.38-4.36
7o0r8 1,059 6.52 0.76 3.13 1.87-5.22
9-11 1,516 5.80 0.60 3.14 1.97-5.01
12-18 1,464 5.74 0.61 3.46 2.20-5.46
19-33 1,397 7.18 0.70 5.05 3.31-7.69
>34 940 8.40 0.90 3.74 2.31-6.05

captured by two distinct straight lines instead of one. Over part of
the range of previous depressive episodes, one linear relationship
best describes the relationship between previous depressive epi-
sodes and risk for major depression. Over the remainder of the
range of previous depressive episodes, the model assumes that
the association between previous depressive episode and major
depression is best described by a different linear component. The
key then becomes to find the inflection point between these two
lines, which we did by maximizing the likelihood of the regression
model. The odds ratio for the second section of the regression line
represents the change in the regression relationship, so to deter-
mine the slope and odds ratio of the second portion of the curve,
it is necessary to multiply the two odds ratios.

Results from these analyses represent both within-individual
and across-individual differences in the relationship between
stressful life events and major depression with increasing num-
bers of previous depressive episodes. It was also important to iso-
late for examination solely the within-individual changes in sen-
sitivity to the depressogenic effects of stressful life events. Our
attempts to do this with discrete-time survival analysis proved in-
tractable, since the requirement to estimate each individual’s sur-
vival curve in our large sample exceeded available memory.
Therefore, we used a fixed-effects partial likelihood Cox propor-
tional hazards model as described by Allison (33) with the addi-
tion of multiple time-dependent failures (e.g., depressive onsets).
Life events were treated as time-dependent covariates. The anal-
ysis is stratified by subject, so that we can examine the within-
person changes in the strength of the association between stress-
ful life events and depressive onsets as a function of number of
previous depressive episodes.

Results

Our analyses began with a total of 104,106 person-
months of observation. In the basic model, one or more
data points were missing in 156 person-months, and 2,994
person-months were censored because the individual was
in an episode of major depression during that month. This
left us with a total of 100,956 person-months that con-
tained 1,419 onsets of major depression. In analyses that
required information about the lifetime history of major
depression in the co-twin, our sample consisted of 97,515
person-months with 1,380 depressive onsets.
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Before formal analysis, we explored the shape of the re-
lationship between the number of previous depressive ep-
isodes and risk for depressive episodes. To do so, we di-
vided person-months into 12 groups as a function of
number of previous depressive episodes. As seen in Table
1, each of these groups, except the last, contained at least
1,000 person-months. We then calculated the rate of de-
pressive onsets in each group of person-months, and this
varied from 220/62,349=0.35% for those with no previous
depressive episodes to 79/940=8.40% for those with 34 or
more previous depressive episodes. As seen in Figure 1
and Table 1, the relationship was biphasic: the risk for a
depressive episode rose steeply as the number of previous
depressive episodes increased from none to approxi-
mately eight or nine. As the number of previous depressive
episodes increased beyond this point, the risk for major
depression dipped slightly and then rose again but at a
much slower rate.

Discrete-Time Survival Models

We present in detail results for the models in which we
attempted to predict, for each month, the risk of a depres-
sive onset from the occurrence of one or more stressful life
events (coded as a dichotomous variable), the number of
previous depressive episodes, and their interaction. Given
the shape of the relationship revealed in Figure 1, we fitted
model 1 with two linear components (i.e., a piece-wise re-
gression), determining the optimal inflection point by
testing sequentially each point from one to 12 previous
depressive episodes. For this and all subsequent models,
the best model likelihood was seen for an inflection point
at nine previous depressive episodes. Only 5,299 person-
months (5.2% of the total) had nine or more previous de-
pressive episodes, so our analyses will focus on the first
linear component, which contains most of our data.

As seen in Table 2, the occurrence of one or more stress-
ful life events, with an odds ratio of 6.45, had a strong im-
pact on the risk for a depressive onset. The impact of the
number of previous episodes was divided into two regres-
sion lines of differing slope. From zero to nine, the number
of previous depressive episodes strongly predicted an in-
creasing risk for a depressive episode with an odds ratio of
1.45. For more than nine previous episodes, the odds ratio
was 0.73 x 1.45=1.06. Once an individual had accumulated
at least nine previous depressive episodes, the increased
risk associated with each additional episode was modest,
although statistically significant. Also, as expected, the
rate of depressive onsets was significantly predicted by
level of genetic risk.

Our key hypothesis predicted an interaction in the pre-
diction of risk for major depression between the number
of previous depressive episodes and stressful life events.
Specifically, we predicted that with an increasing number
of previous depressive episodes, the strength of the associ-
ation between stressful life events and depressive onsets
would diminish. For those person-months in individuals
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with zero to nine previous depressive episodes, we saw ex-
actly this kind of interaction (x?=35.80, df=1, p<0.0001;
odds ratio=0.87). This odds ratio means that for each addi-
tional previous depressive episode from zero to nine, the
strength of the association between stressful life events
and depressive onsets declined approximately 13%. There
was also a significant interaction between number of pre-
vious depressive episodes and stressful life events in pre-
dicting major depression for those with nine or more pre-
vious episodes (3?=32.69, df=1, p<0.0001; odds ratio=0.87
x 1.14=0.99). As the number of previous depressive epi-
sodes increased beyond nine, the strength of the associa-
tion between stressful life events and depression contin-
ued to decline but at a much slower rate (approximately
1% per episode).

To illustrate these results, we calculated, from the raw
data, the odds ratio between major depression and one or
more stressful life events as a function of the number of pre-
vious depressive episodes (Table 1 and Figure 1). The inter-
action between stressful life events and previous depressive
episodes from zero to nine in the prediction of depressive
onsets is clearly seen. For individuals with no previous de-
pressive episodes, life event occurrence and the onset of
major depression is strongly associated (odds ratio=9.38).
The odds ratio, however, drops swiftly to the range of 2 to 3
as the number of previous depressive episodes increases to
five through eight. The interaction between stressful life
events and nine or more previous depressive episodes in
the prediction of major depression cannot be clearly seen
with this raw data, since there appears to be no overall
change in the strength of the association between stressful
life event and major depression as the number of previous
depressive episodes further increases.

In the last two waves of personal interviews, we col-
lected information on long-term contextual threat and de-
pendence for each individual stressful life event. Including
data from subjects who reported a lifetime history of ma-
jor depression in the co-twin provided 46,464 person-
months of exposure and 685 onsets of major depression.
Model 2 was identical to model 1 except that we used the
long-term contextual threat ratings assigned by the inter-
viewers as the key independent measure. That is, instead
of predicting onsets of major depression from the pres-
ence or absence of a stressful life event in a given month,
we now predicted depressive onsets from a 5-point scale
ranging from no event to an event of maximal long-term
contextual threat. The best-fit model was qualitatively
very similar to that seen with model 1 (Table 2). We found
strong main effects for the impact of genetic factors,
stressful life events, both components of the regression
line for number of previous depressive episodes, and
strong evidence in favor of the kindling effects in that both
interactions between previous depressive episodes and
stressful life events were highly significant.

Our two previous models had included all stressful life
events including those likely to be a result of the respon-
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TABLE 2. Predicting Risk of Major Depression Among Mem-
bers of Female-Female Twin Pairs From the Occurrence of
at Least One Stressful Life Event in a Month, Number of
Previous Depressive Episodes, and Their Interaction

0dds
Model Ratio 95% Cl 2 (df=1) p
Model 12
Stressful life event 6.45  5.50-7.56 528.51 <0.0001
0-9 previous depressive
episodes 1.45 1.41-1.49 671.81 <0.0001
>9 previous depressive
episodes 0.73 0.71-0.75 511.99 <0.0001
Genetic risk 136  1.27-1.46 79.60 <0.0001
Interaction 1° 0.87 0.83-0.91 35.80 <0.0001
Interaction 2¢ 1.14 1.09-1.19 32.69 <0.0001
Model 24
Stressful life event 210 1.92-2.29  281.05 <0.0001
0-9 previous depressive
episodes 149  1.44-1.54 449.64 <0.0001
>9 previous depressive
episodes 0.72  0.70-0.74  347.42 <0.0001
Genetic risk 1.21 1.09-1.33 14.33 <0.0002
Interaction 1° 0.95 0.93-0.98 15.06 <0.0001
Interaction 2¢ 1.04  1.02-1.07 13.27 <0.0003
Model 3¢
Stressful life event 194  1.74-2.17 143.02 <0.0001
0-9 previous depressive
episodes 1.47 1.42-1.52 502.57 <0.0001
>9 previous depressive
episodes 0.73 0.71-0.75 381.27 <0.0001
Genetic risk 1.23 1.12-1.36 18.33  <0.0001
Interaction 1° 0.95 0.92-0.98 13.04 0.0003
Interaction 2¢ 1.05 1.02-1.08 10.44 0.001

a Best-fitting, piece-wise, discrete-time survival model containing
97,515 person-months with 1,380 depressive onsets.

b Effect of number of previous depressive episodes, in those with 0—
9 such episodes, on the strength of the association between stress-
ful life events and depressive onset.

¢ Effect of number of previous depressive episodes, in those with
more than nine such episodes, on the strength of the association
between stressful life events and depressive onset.

ddentical to model 1 except interviewer ratings of long-term con-
textual threat replace presence/absence of stressful life event as
the key independent variable; model contains 46,464 person-
months with 685 depressive onsets.

€ |dentical to model 2 in the number of person-months and depres-
sive onsets; stressful life events were limited to those rated by inter-
viewers as being independent of the respondent’s own behavior.

dent’s own actions. Therefore, our final model was re-
stricted only to those life events rated by interviewers as
probably or definitely independent of the respondent’s
own behavior. Although the number of person-months
with stressful life events declined, the overall pattern of
findings was remarkably similar. The significance of the
main effect of stressful life events declined due to the re-
duced number of events. However, both the main effects
of the number of previous depressive episodes as well as
the interactions between the number of previous depres-
sive episodes and stressful life events were similar to that
seen with the previous models (Table 2).

Within-Person Analyses

The final question we sought to answer was whether the
change in sensitivity to the effects of stressful life events
over episodes varied within as well as across individuals.
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To address this question, we used a fixed-effects partial
likelihood Cox proportional hazards model (33) with the
addition of multiple time-dependent failures and time-
dependent covariates. Because of limited power, we only
examined the first linear component of the relationship
between previous depressive episodes and risk for major
depression (i.e., between zero and nine previous depres-
sive episodes). We began by fitting this model to the entire
data set, estimating a single underlying hazard function.
The parameter estimates of this model were quite similar
to those found with our discrete-time survival analyses
(Table 1). In particular, we found a highly significant inter-
action between number of previous depressive episodes
and the occurrence of one or more stressful life events (b=
-0.13, x?=33.85, df=1, p<0.0001; odds ratio=0.88). Next, we
stratified by individual, assuming a separate hazard func-
tion for each person in the sample. The magnitude of the
interaction between previous depressive episodes and
stressful life events was essentially unchanged (b=-0.12,
x?=11.74, df=1, p=0.0006, odds ratio=0.89). These results
indicate that the observed decline in the association be-
tween stressful life events and depressive onsets with in-
creasing numbers of previous depressive episodes is a true
within-individual phenomenon and cannot be explained
by systematic differences between the kind of individuals
who have a low versus high number of previous depressive
episodes.

Discussion

The goal of this study was to clarify the impact of the
number of previous depressive episodes on the associa-
tion between the occurrence of stressful life events and the
risk for depressive episodes. Consistent with the kindling
hypothesis, previous research had suggested that the
strength of the relationship between stressful life events
and major depression declined with an increasing num-
ber of previous depressive episodes (9-15). However, these
previous studies had at least several potential method-
ological limitations that we were able to address in our
analyses. We first review our results and then interpret
them in the light of these potential methodological issues.

In examining the raw data on previous depressive epi-
sodes, stressful life events, and depressive onsets in our
sample of over 100,000 person-months of exposure, two
facts became clear. First, the number of previous depres-
sive episodes had a strong effect on the association be-
tween stressful life events and depressive onsets. Second,
the shape of this relationship was biphasic. An increase in
previous depressive episodes impacted much more
strongly on the relationship between stressful life events
and major depression when the number of previous de-
pressive episodes was less than 10.

We modeled this biphasic relationship by using dis-
crete-time survival analysis and piece-wise regression.
Across all models, the best fit was found when the point of
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inflection in the biphasic regression curve was set at nine
previous depressive episodes. We then presented the pa-
rameters of a series of best-fit models. Qualitatively, the
models all told the same story. As shown by numerous pre-
vious investigators (e.g., references 34-38), stressful life
events were strong risk factors for the onset of major de-
pression. The main effect of previous depressive episodes
was divided into two portions. When the number of previ-
ous depressive episodes was nine or fewer, each additional
previous depressive episode conveyed a large increased
risk for a depressive onset. After nine previous depressive
episodes, each additional episode conveyed a much
smaller increased risk.

Our real interest, however, was in testing whether, as
predicted by the kindling model, we would observe an in-
teraction between previous depressive episodes and
stressful life events in the prediction of risk for major de-
pression. Indeed, we found strong and consistent evi-
dence for a negative interaction. That is, with each new
previous depressive episode, the association between
stressful life events and onsets of major depression be-
came progressively weaker. This effect was striking be-
tween zero and six to eight previous depressive episodes.
These results are consistent with prediction of the kindling
hypothesis.

Given the nonexperimental nature of these results, a
careful review of possible sources of biases is warranted.
First, because our twins were selected from a birth-certifi-
cate-based twin registry, these results cannot plausibly re-
sult from the confounding effect of help-seeking behavior.
Second, by testing the kindling hypothesis as an interac-
tion between stressful life events and previous depressive
episodes, we ensured that our results could not be influ-
enced by changes in the base rate of stressful life events
with increasing number of previous depressive episodes,
which was indeed seen in our data. Third, the severity of
stressful life events was positively and significantly corre-
lated with the number of previous depressive episodes.
That is, individuals with large numbers of previous de-
pressive episodes on average had more severe kinds of
stressful life events. In the last two waves of our sample, on
the basis of information provided by the respondent, in-
terviewers rated each individual stressful life event on a
measure of severity (long-term contextual threat [27]).
Controlling for the severity of stressful life events pro-
duced no substantial change in the pattern of results.

Fourth, the greatest interpretational difficulty with pre-
vious studies of the kindling hypothesis is the problem of
clarifying the causal relationship between previous de-
pressive episodes and the association between stressful
life events and major depression. While the pattern of re-
sults from these cross-sectional studies could result from a
causal impact of previous depressive episodes on event
sensitivity, a noncausal explanation is also plausible. As-
sume that we could divide individuals into two groups, the
first of which has alow liability to major depression so that
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depressive episodes only occur in the setting of severe
stressful life events. The second group, which has high lia-
bility to major depression, frequently has episodes with-
out substantial environmental stress. In a cross-sectional
study of depressed patients, the mixture of these two
groups would produce an apparent association between
number of previous depressive episodes and the stressful
life event-major depression relationship. This would oc-
cur because the first group would predominate in those
with no previous depressive episodes (where the associa-
tion between stressful life events and major depression
would be strong) and the second group would be more
common in those with recurrent episodes (where the as-
sociation between stressful life events and major depres-
sion association would be weak).

We proposed two ways to address this critical interpre-
tational difficulty. Because of the twin structure of our
data, we controlled for the level of genetic risk to major de-
pression in all of our analyses. Because of the longitudinal
nature of our data, we could also examine within-individ-
ual changes in event sensitivity with increasing previous
depressive episodes. For example, imagine an individual
twin whom we interviewed over all four waves and who
therefore had 52 person-months of observations in our
data. Assume that she had her first depressive episode in
months 9 to 11 and a second episode in months 40 to 44.
We could compare the strength of the association between
the occurrence of stressful life events and the risk for ma-
jor depression in months 1-9 (when she had no previous
depressive episodes), 12-40 (when she had one previous
depressive episode) and 45-52 (when she had two previ-
ous depressive episodes). (She would be censored from
analysis for months 10 and 11 and 41-44 when she was in
a depressive episode.) Controlling for interindividual dif-
ferences in liability to major depression, these analyses
strongly supported a causal interpretation of the kindling
effect because they showed a substantial reduction in the
strength of the association between stressful life events
and major depression within individuals as they accumu-
lated more previous depressive episodes over time.

These results should be interpreted in the context of six
potential methodological limitations. First, the study
group was entirely female, and it cannot be assumed that
the same relationship between previous depressive epi-
sodes, stressful life events, and major depression would be
seen in male subjects. Second, all participants were twins.
However, twins have rates of psychiatric symptoms (39)
and disorders (40) similar to the general population. Be-
cause the subjects came from twin pairs, nonindepen-
dence of observations from members of a pair is a poten-
tial concern. We have previously examined the correlation
in twin pairs for the key dependent variable (month of oc-
currence of a depressive onset) in this group, and it was
too low (kappa=0.01) to be of practical concern (26). To
further examine the possible magnitude of this problem,
we re-ran model 1 by using general estimating equations
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(41) to correct for the correlations in twin pairs. The pa-
rameter estimates changed trivially.

Third, as in most such studies, stressful life events and
the onset of major depression were rated retrospectively
over the 1-year period before interview. Although stressful
life events were assessed in a separate and earlier section
of the interview than major depression, part of the ob-
served association could be spurious and result from bi-
ased recollection.

Fourth, the reliability of the assessment of lifetime ma-
jor depression in community samples is modest (42, 43).
As the 1-year periods of assessment in our longitudinal
sample were not contiguous, the accuracy of our assess-
ments of depressive episodes in the intervening periods is
likely to be of only moderate accuracy. Also, among those
who report a lifetime history of major depression, the
number of reported previous depressive episodes is also of
only moderate reliability. In this study, short-term test-re-
test for number of previous depressive episodes, as as-
sessed by a Spearman rank correlation was 0.48 (N=192;
p<0.0001), similar to that found previously (44, 45).

Fifth, these analyses included 18 twins with a lifetime
diagnosis of mania or hypomania (46). Since the kindling
process may differ in bipolar and unipolar illness, we re-
ran model 1 excluding these twins. The results did not
change substantially.

Finally, we assumed that when a stressful life event and
depressive onset occurred in the same month, the stress-
ful life event came first. In a section of the interview sepa-
rate from that which evaluated stressful life events, re-
spondents with a depressive syndrome in the last year
were asked, “Did something happen to make you feel that
way or did the feeling just come on you ‘out of the blue?’ ”
We have examined, in two separate waves of our data,
twins who reported a stressful life event and a depressive
onset occurring in the same month, and who answered
this question in sufficient detail to examine. We found that
84% (25) and 85% (26) responded with the stressful life
event they had previously reported as occurring in the
same month. In none of the remaining cases did the inter-
view indicate that the stressful life event occurred as a re-
sult of the onset of a depressive episode.

Conclusions

Although methodological artifacts cannot be excluded,
our results provide strong support for the hypothesis that
the strength of the association between stressful life
events and depressive onsets declines with increasing
number of previous depressive episodes. These findings
also suggest that, whatever the biological or psychological
process that underlies this phenomenon (Post [7] sug-
gested gene transcription), it is “saturable.” That is, most
of the changes that occur do so in the first few episodes of
illness. If this phenomenon results from the brain or mind
learning to become depressed, this learning appears to
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occur intensely over the first few episodes of illness and
then, with further episodes, either slows down or stops
altogether.
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