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ABSTRACT

Background. In animals, early trauma can produce long-lasting changes in sensitivity to the
pathogenic effects of stress. To explore whether similar processes occur in humans, we examine
whether childhood sexual abuse (CSA) in women alters sensitivity in adulthood to the depresso-
genic effects of stressful life events (SLEs).

Method. A history of CSA was obtained from a population-based sample of 1404 female adult
twins. Cox Proportional hazard models were used to predict onsets of episodes of DSM-III-R
major depression (MD) in the past year from previously assessed levels of neuroticism (N), CSA
and past-year SLEs scored on long-term contextual threat.

Results. In the best-fit model, onset of MD was predicted by CSA, SLEs and N. Individuals with
CSA (and especially with severe CSA) had both an overall increased risk for MD and a substan-
tially increased sensitivity to the depressogenic effects of SLEs. A ‘dose-response’ relationship
between severity of CSA and sensitivity to SLEs was clearer in those with low to average levels of N
than in those with high levels of N.

Conclusion. As documented with physiological responses to a standardized laboratory stressor,
CSA increases stress sensitivity in women in a more naturalistic setting. Both genetic and early
environmental risk factors can produce long-term increase in the sensitivity of individuals to de-
pressogenic life experiences.

INTRODUCTION adversities (Heim & Nemeroff, 2001; Sanchez
et al. 2001). It is of both practical and theoretical
interest to determine whether similar effects can
also be demonstrated in humans.

Childhood sexual abuse (CSA) is a plausible
candidate for such an early stressor. Women with
a history of CSA are at increased risk for MD in
adulthood (Burnam et al. 1988; Bifulco et al.
1991; Mullen et al. 1993 ; Fergusson et al. 1996;
Fergusson & Mullen, 1999 ; Kendler et al. 2000),
and this relationship is likely to be largely causal
(Kendler et al. 2000; Nelson et al. 2002). Fur-
thermore, CSA in women is associated with an
increased autonomic and hypothalamic—pitu-
itary—adrenal (HPA) response to controlled lab-
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of Virginia, Box 980126, Richmond, VA 23298-0126, USA. we explore whether the hyper-responsiveness
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Sensitivity to the pathogenic effects of stress con-
stitutes a critical risk factor for a number of psy-
chiatric disorders including major depression
(MD) (Kessler, 1997). Previous studies in our
population-based twin sample of women have
demonstrated that genetic risk factors (Kendler
et al. 1995) and the personality trait of neuroti-
cism (N) (Kendler et al. 2004) alter sensitivity to
the depressogenic effects of stressful life events
(SLEs). In rodents and non-human primates,
exposure to certain stressors early in life in-
creases the sensitivity of the organism to later
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to stress of women with CSA is detectable in a
more naturalistic setting involving exposure to
SLEs and onset of depressive episodes.

METHOD
Sample

Participating twins came from on-going investi-
gations of female—female twin pairs from the
population-based Virginia Twin Registry, the
details of which have been outlined elsewhere
(Kendler et al. 1992; Kendler & Prescott, 1998,
1999). The pairs derive from two related samples,
born from 1934 to 1974, which became eligible
to participate if both members responded to a
mailed questionnaire, the response rate to which
was ~ 64 %. Eighty-eight per cent of our sample
was first interviewed face to face during 1987-
1989 [at which time their mean age (s.p.) and
range was 30-1+7-6 (17-55) years] and has been
the subject of three additional telephone inter-
view waves. The last of these waves was com-
pleted during 1995-1997, an average (+5s.D.) of
92+ 7 months after their first assessment. The
rest were first interviewed face to face during
1992-1994 and assessed a second time (with the
same interview given to the rest of the sample
on the fourth wave) by telephone during 1996—
1997. As approved by the VCU IRB, written
informed consent was obtained in this study for
all face-to-face interviews, while verbal consent
was obtained for telephone interviews.

Measures

During each interview wave, we assessed the
occurrence over the last year of 14 individual
symptoms representing the disaggregated nine
‘A Criteria’ for MD in DSM-III-R (APA, 1987)
(e.g. two items for criterion A4 to assess in-
somnia versus hypersomnia). For each reported
symptom, interviewers probed to ensure that it
was due neither to physical illness nor medi-
cation. The respondents and interviewers then
aggregated last year’s symptoms reported into
syndromes formed of co-occurring symptoms.
If depressive syndromes occurred, respondents
were asked for the months of their onset and
offset of all episodes in the last year. The diag-
nosis of MD was made by computer algorithm
incorporating the DSM-III-R criteria, except cri-
terion B2 (which excludes depressive syndromes
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considered to be ‘uncomplicated bereave-
ment’). In 375 twins who were interviewed twice
by different interviewers with a mean (s.D.)
inter-interview interval of 30 (9) days, the inter-
interview reliability of the diagnosis of MD in
the last year was good: k (Cohen, 1960) = +0-68
(95% ClIs 0-57-0-80), tetrachoric correlation=
+0-92 (0-86—0-98).

N was measured using the 12-item scale from
the shortened EPQ (Eysenck et al. 1985). In
this study, we take the levels of N reported
from wave 1 interviews. Our interviews assessed
the occurrence, to the nearest month, of 11
‘personal’ stressful life events, (events occurring
primarily to the informant): ‘assault’ (assault,
rape or mugging), ‘divorce/separation’ (divorce,
marital separation, broken engagement or break
up of other romantic relationship), ‘major
financial problem’, ‘serious housing problems’,
‘serious illness or injury’, ‘job loss’ (laid off
from a job or fired), ‘legal problems’ (trouble
with the police or other legal trouble), ‘loss of
confidant’ (separation from other loved one or
close friend other than spouse/partner), ‘serious
marital problems’ (involving a marital or
marriage-like intimate, cohabiting relationship),
‘robbed’ and ‘serious difficulties at work’. We
also assessed four classes of ‘network’ events,
meaning events that occur primarily to, or in in-
teraction with, an individual in the respondent’s
social network. These event classes consisted
of (i) ‘getting along with’ — serious trouble get-
ting along with an individual in the network,
(i1) “crisis’ — a serious personal crisis of someone
in the network, (iii) ‘death’ —death of an indi-
vidual in the network and (iv) ‘illness’ — serious
illness of someone in the network.

Each reported SLE in waves 3 and 4 was rated
by the interviewer on the level of long-term
contextual threat (LTCT). Using the criteria
proposed by Brown (1989), we trained our in-
terviewers to rate

what most people would be expected to feel about
an event in a particular set of circumstances and
biography, taking no account either of what the re-
spondent says about his or her reaction or about any
psychiatric or physical symptoms that followed it
(Brown, 1989, p. 24).

Interviewers were instructed to ask several
structured probes after each reported SLE. For
example, if a respondent reported a serious
accident in the last year, the script for the
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interviewers read

Briefly, tell me what happened ... In what way did
you life change because of this serious accident? Did
the accident cause any financial problems for you?
Were there any other ways in which you expected the
accident to affect you?

The interviewers were instructed to continue
inquiring until they had enough information
to rate LTCT. After Brown (Brown & Harris,
1978; Brown, 1989), LTCT was rated on a
4-point scale: minor, low moderate, high mod-
erate and severe. While our rating of LTCT
adopted the general approach of Brown and co-
workers (Brown, 1989), we did not adopt his
method of rating threat levels by a blinded panel
of expert judges, but instead had the interviewer
perform the assessment. The sample size of this
study made the panel-based method of assess-
ment unfeasible. Reliability of our ratings of
LTCT was determined by both an inter-rater and
test—rest design. Inter-rater reliability was as-
sessed by having experienced interviewers, who
were blind to all other aspects of the assessment,
review tape recordings of the interview sections
in which 92 randomly selected individual SLEs
were evaluated. Test-retest reliability was ob-
tained by repeating the interview with 191 re-
spondents at a mean interval of 4 weeks. We
obtained 173 scored life events that were re-
ported to have occurred within 1 month of one
another and we assumed represented the same
event. We assessed reliability on these 4-point
scales by Spearman correlation (rs) and weighted
kappa (k) (Fleiss et al. 1969). The test—retest re-
liability for LTCT was ry=+0-60 and k =+0-41,
while inter-rater reliability was r¢=+0-69
and k= +40-67. We also obtained ratings of
dependence/independence of all reported SLEs
but did not use these ratings in these analyses.

During our second wave interview, we ex-
amined the willingness of twins to answer ques-
tions about CSA and their preferred method of
assessment. Most preferred a mailed question-
naire, which was employed using items devel-
oped by Mullen and colleagues (Martin et al.
1993). Our initial item was:

Before you were 16, did any adult, or any other per-
son older than yourself, involve you in any unwanted
incidents like (i) inviting or requesting you to do
something sexual, (ii) kissing or hugging you in a
sexual way, (iii) touching or fondling your private
parts, (iv) showing their sex organs to you, (v) making
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you touch them in a sexual way or (vi) attempting or
having sexual intercourse.

With respect to CSA exposure, we divided our
sample into four exclusive, hierarchical cat-
egories: (1) no CSA (69:6%), (2) non-genital
CSA [numbers (i), (ii) and (iv); 7-8 %], (3) genital
CSA (genital contact but no intercourse) [num-
bers (iii) and (v); 14-1%] and (4) intercourse
[number (vi); 8-4%]. In this paper, we refer to
non-genital, genital and intercourse CSA as re-
spectively, mild, moderate and severe. We also
asked twins to report on CSA in their co-twin.
While the association between self and co-twin
reported CSA was highly significant in this
sample (¥*>=300-1, df=9, p<0-0001), the level
of agreement was modest [contingency coef-
ficient =+0-50, weighted x=+0-40 (95% CI
+0-33 to +0-47)].

Statistical methods

In this sample of women, CSA is associated with
higher levels of N (Kendler et al. 2002) and N
is associated with greater sensitivity to the de-
pressogenic effects of SLEs (Kendler et al. in
press). N was therefore included in our model
to (i) permit us to discriminate between a direct
effect of CSA on stress sensitivity versus a more
indirect effect mediated through personality and
(ii) to determine if the relationship between CSA,
SLE and risk for depressive onsets was modified
by levels of N.

Using person-months as the unit of analysis,
these analyses were conducted with a Cox pro-
portional hazards model operationalized in the
SAS procedure PHREG (Cox, 1972, 1995). In our
full model, three predictor variables were used:
CSA, N and LTCT. When multiple events oc-
curred in the same month, LTCT was coded as
the highest threat level of any recorded event.
The dependent variable was the onset of a de-
pressive episode.

The final model was developed based on
four strata. Each stratum consisted of data for
subjects with a given number of prior onsets —
specifically zero or one prior onset in the past
13 months — for subjects from waves 3 and 4.
There were too few subjects with two or more
onsets to include such data. This stratification
is a conservative way to deal with within-subject
correlation. An 18-strata model was also de-
veloped in which twins were randomly assigned
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into two separate groups to conservatively
evaluate the impact of familial correlations.
Coding was done based on the ‘Conditional A’
model proposed by Hosmer & Lemeshow (1999,
pp. 308-317).

LTCT was coded so that 0 meant no SLE
occurrence in the month and 1-4 meant the oc-
currence of a SLE with minor, low moderate,
high moderate and severe LTCT. To incorpor-
ate the ordinal structure and simplify interpret-
ation of the interaction, LTCT was coded as
follows: Four dummy variables X1, X2, X3 and
X4 were used. If there was no life event, all four
were coded as zero. If there was a significant life
event with LTCT 1 or higher, X1 was coded as
1. If LTCT was >2, X2 was also coded as 1. If
LTCT was >3, then X3 was coded as 1. For an
event with LTCT =4, all four dummy variables
were coded as 1. Thus, the coding for a month
with an event with a LTCT=2 was: X1=1,
X2=1, X3=0, X4=0. This method of dummy
variable coding is often referred to as thermo-
meter coding (Masters, 1993). Finally, these
codings were incorporated as time-dependent
covariates with a linear decay which abated
after 3 months. This was done by multiplying
the indicator by 4/3 for the month of a stress-
ful life event, by 2/3 for the month after the
stressful life event and 0 for 3 or more months
after the event.

Thermometer coding was also used for CSA.
The four levels, coded into three indicator vari-
ables, were for no, mild, moderate and severe
CSA. N was standardized to have a mean of zero
and a standard deviation of 1, allowing easy in-
terpretation and a meaningful quadratic term.
The final model was found by elimination of
non-significant terms starting with all three-way
interactions.

In these analyses, the dependent variable — a
depressive episode — is dichotomous. Our goal is
to clarify the nature of the interaction between
CSA and SLEs in the prediction of depression
and from a statistical perspective, any interaction
is scale-dependent. The use of a Cox regression
model has numerous advantages in these analy-
ses but instead of predicting the probability of
a depressive onset, the model predicts a logar-
ithmic transformation of this probability. By
including this logarithmic function in the depen-
dent variable, the nature of what an interaction
means has changed. What is a multiplicative
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interaction in a probability model becomes
additive in the Cox model, while what is additive
in the probability model becomes a negative
interaction in the Cox model.

Information for these analyses comes from
a total of 1404 individuals who participated in
waves 3 and 4 of the study of female—female
twin pairs. These individuals reported a total of
265 onsets of MD and 2811 periods of obser-
vation where each period of observation either
begins at the start of a 1-year prevalence win-
dow or the month following a recovery from an
episode and ends either at the conclusion of that
1-year window or at the time of an onset of a
depressive episode. The number of these onsets
that occurred with zero and one prior episode in
the 13-month time period were respectively: 185
(69:8%), and 80 (30-2%).

We started with a Cox model with 36 terms:
four LTCT indicator variables, three CSA indi-
cator variables, sex, N, N2, and all two-way in-
teractions between them. Non-significant terms
(i.e. p>0-05) were removed one at a time (elim-
inating interactions first, and then main effects
not involved in interactions) and the model
rerun. After 29 eliminations, the final model,
with seven terms, was reached. The elimination
process was repeated, beginning with several
other arbitrarily chosen terms to verify that the
resulting seven-term model was the only all-
significant term subset of the full 36-term model.

RESULTS

Results from the best-fit Cox model for predict-
ing onset of MD are seen in Table 1 and include
strong and significant main effects for N, CSA
and LTCT. The model detected no signifi-
cant difference in risk between those with minor
versus low moderate LTCT or between those
with mild versus moderate CSA.

In this model, each increase of a standard
deviation of N carries a hazard ratio (HR) for a
depressive onset of 1-:37. The two meaningful
levels of severity of CSA carried further risks for
an onset of MD (assessed as a HR) with similar
HRs of ~1-6. Since these ratios multiply, that
compared to those with no history of CSA, the
HR for a depressive onset associated with mild
or moderate CSA is 1-62 and with severe CSA is
2:66 (i.e. 1:62 x 1-64). The three increasing levels
of LTCT each carried an additional risk for a
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Table 1. Parameter estimates for best fit model
predicting risk of onset of an episode of major
depression in women as a function of history of
childhood sexual abuse (CSA), stressful life event
exposure (quantified using level of long-term
contextual threat [LTCT)) and level of the per-
sonality trait of neuroticism

Hazard Ve
Variable ratio 95% CI  (df=1) p value
Neuroticism 1:37  121-1-56  24:04 <0-0001
Mild and moderate CSA 1462 1:23-2:15 1136 0-0008
Severe CSA 164 1:13-2-39 672 0-01
Mild or low moderate 1-89 1-32-2-71  11:90 0-0006
LTCT

High moderate LTCT 2:05  1-32-3-19 1025 0-001
Severe LTCT 244 1444415 1085 0-001
Neuroticism x severe CSA 067  0-50-0-91 6-64 0-01

depressive onset with HRs ranging from 1-89 to
2-44. Compared to months with no life-event
exposure, the HR for a depressive onset associ-
ated with a SLE with a LTCT rating of minor
or low moderate, high moderate and severe can
be estimated to be equal to 1-89, 3-87 (i.e.
1-89 x 2:05) and 9-45 respectively.

In addition to these main effects, the final
model contains one interaction term —a nega-
tive interaction between N and severe CSA. This
interaction means that the joint impact on risk
for MD of severe CSA and high levels of N is less
than predicted by their main effects. No negative
interactions, however, were seen between CSA
and LTCT.

The predictions of the best-fit model are
illustrated in Fig. 1. We assign, as a point of
reference, an HR of unity to a woman with a
mean level of N, no history of CSA and no ex-
posure to a SLE (meaning an LTCT value of
zero). The figure depicts the relationship be-
tween a history of CSA, exposure to LTCT and
risk for a depressive onset in women with low
levels of N (-1 s.p. from the mean), average le-
vels of N (mean N), and high levels of N (+1
s.D. from the mean). The slope of the lines seen
in the figure — which reflects the gain in risk for
MD with increasing levels of LTCT — index
directly stress sensitivity. The steeper this curve
is, the greater is the sensitivity to the depresso-
genic effects of SLEs.

The figure clearly illustrates the main effects
of N, CSA and LTCT in the prediction of de-
pressive onsets. That is, the risk for MD becomes
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Fic. 1. The hazard ratio for onset of an episode of major de-
pression, defined by DSM-III-R (APA, 1987), as a function of level
of the personality trait neuroticism, exposure to a stressful life
event —rated by level of long-term contextual threat (LTCT) — and
prior history of childhood sexual abuse (CSA). CSA 1 and 2 mean a
history of mild or moderate CSA (see text for definition) and CSA 3
means a history of severe CSA. (a) The relationship for those with
low neuroticism (defined as 1s.p. below the mean). (b) The re-
lationship for those with average neuroticism. (¢) The relationship
for those with high neuroticism (defined as 1 s.p. above the mean).
The hazard ratio is standardized so that a value of unity reflects the
risk of depressive onset for an individual of average neuroticism, with
no CSA and without exposure to any SLE — that is an LTCT rating
of 0. ~@—, No CSA; -B—, CSA 1 and 2; —x—, CSA 3.

greater as the level of LTCT or N increase and
is substantially higher in those with versus those
without a history of CSA. The figure also de-
monstrates — at least for those with no, or mild
CSA —increasing stress sensitivity with increas-
ing levels of N. For example, the slope of the
curve for those with no CSA is considerably
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steeper for those with high N than for those with
low levels of N.

More interestingly, however, is that, in ad-
dition to all these effects, the model presents
clear evidence that the slope of the lines are sub-
stantially greater in those with versus those with-
out a history of CSA. In women with average or
low levels of N, the ‘dose-response’ relationship
is particularly clear. The level of stress sensitivity
is relatively modest in those with no history of
CSA, intermediate in those with mild or moder-
ate CSA and high in those with exposure to
severe CSA. In those with high levels of N, by
contrast, the results indicate that the level of
stress sensitivity is approximately equally ele-
vated in those with mild/moderate and severe
CSA.

COMMENT

The goal of this paper was to determine whether
adult women with a history of sexual abuse in
childhood demonstrated increased stress sensi-
tivity in a naturalistic setting. Our best-fitting
Cox proportional hazards model demonstrated
that woman with CSA were substantially more
sensitive to the depressogenic effects of SLEs
than were women with no such history. Further-
more, the greatest increase in stress sensitivity
were seen in women exposed to the most severe
form of abuse.

We included, as a control variable, the person-
ality trait of N which was significantly predicted
by CSA (Kendler et al. 2002). Furthermore, in
accord with prior findings (Kendler et al. in
press), our best-fit model demonstrated that N
also influenced the sensitivity to the depression-
inducing effects of adversity. By including N
in the model, we can conclude that the ob-
served impact of CSA on stress sensitivity is not
being mediated through this major personality
dimension of neuroticism/emotionality.

One unanticipated result emerged from our
analyses. The ‘dose—response’ relationship be-
tween severity of CSA and stress sensitivity,
while clearly seen in those with average and low
levels of N, was obscured in those with high N.
This occurred because of a relative reduction
in the impact of severe CSA on risk for MD in
those who are highly ‘neurotic’. We are uncer-
tain about the replicability of this finding and
so do not wish to speculate extensively about its
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significance. Two plausible interpretations are
(i) a ‘ceiling effect’ in that the high risk for MD
with elevated levels of N has less ‘room’ for the
large impact of severe CSA and/or (ii) an in-
creasing sensitivity to the effects of mild and
moderate CSA in those with higher levels of N.

It is of interest to view these results in the
context of several prior findings. First, when
subjected to a standard laboratory psychosocial
stressor of public speaking and mental arith-
metic before an audience, women with a history
of childhood physical or sexual abuse displayed
an augmented ACTH, cortisol and heart-rate
response (Heim ef al. 2000). Second, women with
a history of childhood sexual or physical abuse
demonstrate hippocampal shrinkage (Bremner
et al. 1997; Stein et al. 1997; Vythilingam et al.
2002). While these changes might result directly
from trauma, they could also arise from chronic
HPA over-activation. Third, a large body of
work in rodents and non-human primates shows
that certain early environmental stressors aug-
ment later behavioral and HPA axis sensitivity
to stressors (Heim & Nemeroff, 2001). Fourth,
other forms of early childhood stress, especially
parental loss, may also increase sensitivity to the
depressogenic effects of SLEs (Brown & Harris,
1978 ; Bifulco et al. 1987).

Along with these prior findings, the current
results suggest that across mammalian species,
certain early adversities may produce long-
lasting psychobiological changes which alter the
sensitivity of the organism to stressors. While
not addressed in the current study, the HPA axis
and associated brain CRF systems may play a
critical role in this process.

It might seem contradictory to claim that
CSA alters sensitivity to the effects of SLEs
when our best-fit model indicates main effects
for CSA and SLEs with no CSA-SLE interac-
tion. This occurs because we are fitting a Cox
model which assumes a multiplicative relation-
ship between variables. So what is additive in
the Cox model is multiplicative on the scale of
probability (or HR) of risk. Had there been no
interaction between CSA and SLE in the pre-
diction of MD on the probability scale, the Cox
model would have produced a negative inter-
action between the two variables, evidence for
which was not found in our analyses.

We have previously demonstrated for MD
what we have termed genetic control of sensitivity
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to the environment (Kendler et al. 1995). That
is, genetic risk factors for MD appear to both
increase average risk for onset and render
individuals more sensitive to the pathogenic
effects of SLEs. Our current study suggests that
a pathogenic early environmental event — CSA —
can act similarly. Just as the overall risk for
MD may arise from a complex developmental
interplay of genetic and environmental risk
factors (Kendler et al. 2002), so sensitivity to
the depressogenic effects of SLEs may be influ-
enced by both genes and prior environmental
experiences.

Limitations

These results should be interpreted in the context
of four potentially significant methodological
limitations. First, these findings were based on
a single sample of white female twins from one
geographical region. Although the rates in our
sample of both CSA (Fergusson & Mullen,
1999) and 1-year prevalence for MD (Kessler
et al. 1994) are similar to those reported else-
where, our findings may or may not extrapolate
to other groups. Second, our analyses assumed
that when SLEs occurred in the same month as
depressive onsets, the SLE preceded the onset.
We have explored this issue in two prior analyses
(Kendler et al. 1995, 1998) both of which sup-
port the validity of this assumption. Third, CSA
is often associated with a range of other risk fac-
tors for subsequent psychiatric illness such as
parental psychopathology, physical abuse and
parent—child conflict (Fergusson & Mullen,
1999). In our prior study (Kendler et al. 2000),
we found little change in the association be-
tween CSA and lifetime MD in this sample when
detailed measures of these potentially associated
risk factors were added as covariates. We added
these covariates (including measures of parent—
child relationship, family environment and
financial status, church attendance and parental
disciplinary practices; see Kendler et al. 2000 for
details) to our current model and this produced
no substantial change in findings. Fourth, as we
have shown elsewhere (Kendler et al. 2002), the
impact of CSA on risk for MD is probably me-
diated through a range of personal and psycho-
social variables. For the sake of simplicity, these
potential mediators were not included in these
analyses.
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