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Abstract The present investigation examined emotional
reactivity to stress in men and women with and without
prior depression. Subjects with remitted depression
(n = 55) and healthy controls with no history of psychi-
atric illness (n = 55) were studied using Experience
Sampling Methodology to assess daily stressors and
depressed mood. Main effects were observed for both
female gender and past depression in increasing emotional
reactivity to daily stressors. However, women experienced
significantly greater emotional reactivity than men only
among healthy controls and not among those with remitted
depression. Formerly depressed men were more reactive to
stress than men who never experienced depression, while
no differences were observed for women across these
groups. These findings suggest that a prior episode of
depression renders men and women more equivalent in
terms of stress vulnerability, thus helping to explain why
gender differences in depression prevalence change as a
function of prior episodes.
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Both gender and psychosocial stress are well-established
risk factors for major depression, yet it is currently
unknown why each appears to have a diminished impact
as a function of episode occurrence. The overall preva-
lence of major depression is higher among women than
men (Kessler 2003), but a salient gender difference is
found only for the initial onset of this disorder and not
for subsequent episodes (Kessler et al. 1993). Psychoso-
cial stress has been repeatedly shown to precipitate
depression, especially in women (Maciejewski et al.
2001), but life events appear to play a differential role in
the onset of first as compared to subsequent episodes
(Monroe et al. 2007). These patterns suggest that occur-
rence of a prior episode may modify the relationship of
stress and depression, and that this relationship may vary
by gender. This possibility remains to be tested directly,
and would have important implications both for clinical
interventions and for psychological theories of stress
vulnerability.

A differential role of stress in the occurrence of major
depression has received considerable attention and yielded
several alternative theoretical explanations, including a
kindling hypothesis suggesting a reduced impact of stress
on subsequent depression and a sensitization hypothesis
suggesting an increased impact of stress on depression
(Monroe and Harkness 2005). One possible explanation
for the changing role of stress is that memory networks
activated when an individual is depressed reinforce the
salience of negative schemas and, as a consequence,
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progressively lower levels of depressed mood are necessary
to activate dysfunctional cognitions in the future (Segal
et al. 1996). This process of cognitive sensitization also
results in heightened emotional reactivity to stressful
events, and less severe stressors are required to trigger
subsequent episodes of equivalent severity. In addition to
providing a cognitive hypothesis for alterations in the role
of stress, this theory may also help to explain the observed
changes in risk posed by gender. As women have been
shown to be more likely to experience ruminative thinking
(Nolen-Hoeksema et al. 1999), perceive events more neg-
atively than men (Almeida and Kessler 1998) and to have
greater emotional reactivity to common stressors (Kendler
et al. 1995), gender differences may become diminished
after a first episode if the reinforcement of dysfunctional
cognitions, and resulting reactivity to events, is propor-
tionately greater in men.

From a methodological perspective, the study of stress
and emotional reactivity is often based on between-person
variance in the occurrence of relatively rare events, and
assessed through correlations with clinical outcomes
observed for a sample as a whole. This approach hinders
the investigation of how events are generally perceived by
the individual and prevents characterization of the magni-
tude of mood reactions over time. The study of cognitive
vulnerability and emotional reactivity in relation to daily
events therefore provides a useful alternative for the
investigation of stress and depression (Gable et al. 2000;
Marco et al. 1999). In such research, the use of ambulatory
monitoring techniques provides within-person variance in
mood under stressful and stress-free conditions. Previous
research using this approach has confirmed gender differ-
ences in the perception of daily stress (Almeida and
Kessler 1998), and some evidence has been found for the
capacity of current depression to influence stress reactivity
(Peeters et al. 2003). However, the interaction of gender
with depression history has not been examined A com-
parison of particular interest would therefore involve the
examination of gender differences relative to both cogni-
tions concerning the severity of daily events and sub-
sequent emotional reactivity as a function of previous but
resolved depression.

A final consideration for testing the notion of cognitive
sensitization concerns the need to control for diverse fac-
tors that co-vary with depression history. In particular,
comparisons of differences in formerly depressed individ-
uals and normal controls may be biased by pre-existing
cognitive styles or personality vulnerabilities to depression.
A central tenet of cognitive models of depression is the
notion that, in individuals vulnerable to this disorder,
negative cognitions arise when triggered by stressful life
events (Abramson et al. 1989; Beck 1987). In turn, the
activation of these negative cognitive patterns are

associated with the onset and recurrence of depression
(Scher et al.2005). Among the most studied of these vul-
nerabilities are depressogenic attributional style that leads
individuals to perceive negative event causes as stable over
time and as affecting multiple domains of one’s life
(Abramson et al. 1989), and sociotropy or autonomy
characteristics that render individuals more sensitive to
specific types of events (Beck 1983, 1987). These cognitive
vulnerabilities constitute independent risk factors for
depression (Gotlib et al. 1993; Spangler et al. 1997) and
may co-exist within the same individual. Substance use
history also can contribute to risk for depression (Meri-
kangas et al. 1998), and this influence may vary consid-
erably by gender (Swendsen et al. 2000) The adequate
control of these individual characteristics when examining
the role of past depression should therefore provide a more
rigorous test of this theory.

The present controlled investigation examined the
influence of depression history and gender on the per-
ceived severity of daily life events and on subsequent
changes in depressed mood. Using ambulatory monitoring
procedures, previously depressed and never-depressed
men and women completed computerized interviews
several times a day for a one-week period. We hypothe-
size that event negativity and subsequent depressed mood
reactions would be greater in women as compared to men,
and greater for those with a history of major depression as
compared to normal controls. In addition, an interaction is
expected among these variables whereby the capacity for
past depression to increase event negativity and sub-
sequent emotional reactivity would be greater in men as
compared to women.

Method
Participants

The sample comprised 179 freshmen from the University
of Bordeaux, France who completed all phases of the study
which included an initial screening, a 7-day ambulatory
monitoring period, and a clinical assessment (Husky et al.
2007). For the present study, two distinct groups were
drawn from the 179 completers. A first group with remitted
depression was composed of individuals who experienced
at least one previous major depressive episode. Of these 71
individuals, we excluded those who were currently expe-
riencing major depression (n = 6) or who had a lifetime
history of mania or hypomania (n = 10). The final group of
remitted depressed participants was therefore comprised of
55 individuals. A normal control group was also drawn
from the sample of 179 completers and was composed of
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participants who did not meet lifetime criteria for any
psychiatric illness. The final group of normal controls
comprised 55 individuals. The remaining 53 completers did
not meet criteria for inclusion in either the remitted
depressed or the normal control group and were not
included in the analyses.

Procedure

During the first phase, the initial sample of 1,712 individ-
uals was asked to complete a screening battery including an
assessment of recent substance use and cognitive vulnera-
bilities for depression. Eligible participants were identified
based on the presence of high or low cognitive vulnera-
bility for depression (attributional style, sociotropy,
autonomy), and frequent or infrequent recent substance
use over the previous month (Husky et al. 2007) A portion
of participants within each eligible group was randomly
selected to participate in the ambulatory monitoring
phase, using the Experience Sampling Method (ESM)
(Csikszentmihalyi and Larson 1987; de Vries 1992). A 15-
min ESM training session was provided by members of the
research team. Participants were instructed to carry a hand-
held Psion ‘Revo’ computer throughout the day for seven
consecutive days. When signaled by the computer, each
participant completed a computerized questionnaire con-
cerning depressed mood, the experience of different types
of daily life events, the perceived stressfulness of these
events, as well as diverse behavioral and contextual vari-
ables. Over the following 7 days, the ESM signals occurred
five times per day at fixed intervals (randomized across
participants) within each of the following time periods:
8:00 am to 11:00 am; 11:00 am to 2:00 pm; 2:00 pm to
5:00 pm; 5:00 pm to 8:00 pm; and 8:00 pm to 11:00 pm.
The duration of the electronic questionnaire at each
assessment was approximately 1 min and 30 s, and all
entries were time-stamped. A one-week period was chosen
to assess adequately both work and leisure experiences
(i.e., including both work days and weekends). Multiple
assessments per day (every 3 h, on average) were used
to assess the time-limited associations of minor stressors
and mood states that occur over the course of the day
(Swendsen 1998). The start day for the study was coun-
terbalanced across the different workdays of the week, and
all participants were contacted by telephone approximately
halfway through the assessment period to monitor and
encourage compliance.

In the final phase of the study, the micro-computer was
returned and its databases uploaded. A structured diag-
nostic interview was then administered to each participant
by a clinical psychologist blind to the selection criteria, and
each participant received 75 Euros for completing the
study.

@ Springer

Materials
Clinical and Cognitive Vulnerability Measures
Cognitive Vulnerabilities to Depression

Attributional style was assessed with the Attributional
Style Questionnaire-Extended (Alloy et al. 1988; Haeffel
et al. 2008). The ASQ-E is a self-report questionnaire in
which the participant is asked to identify and rate the cause
of 12 hypothetical events on their level of internality, sta-
bility and globality, as well as the importance of each
event. The French validation of this instrument demon-
strated satisfactory psychometric properties (Swendsen and
Blatier 1998). In the present screening sample, both sta-
bility and globality had high internal consistencies (¢« = .83
and .82, respectively), and a generality index was calcu-
lated by averaging all items for these two subscales.
Sociotropy and autonomy were measured using the So-
ciotropy-Autonomy Scale (Beck et al. 1983). In this 60-
item self-report questionnaire, the respondent is asked to
indicate the percentage of time during which each item
applies to him or her on a 5-point scale. The French version
(Husky et al. 2004) demonstrated alpha coefficients similar
to those obtained in the original instrument. In the present
screening sample, sociotropy and autonomy had Cronbach
alphas of .87 and .78, respectively.

Substance Use Frequency

The frequency of substance use over the previous 30 days
was examined through a self-report questionnaire assessing
11 different psychoactive substances including tobacco,
alcohol, cannabis, ecstasy, amphetamines, heroine,
cocaine, LSD and other hallucinogens. For each of these
substances, respondents were asked to specify the fre-
quency at which he or she had used the given substance
during the past 30 days, with scores ranging from 1 (Never
in the past 30 days) to 7 (Several times a day).

Diagnostic Status

Clinical interviews using the Mini International Neuro-
psychiatric Interview (MINI) Version 4.4 for DSM-IV
(Sheehan et al. 1998) were conducted by trained psychol-
ogists blind to both the risk status of participants as well as
to their responses collected during the ESM phase of the
study. The MINI is a brief structured screening interview
similar to the Structured Clinical Interview for DSM-IV
(First et al. 1996) and the Composite International Diag-
nostic Interview (Wittchen et al. 1994) in design and
developed to be used in non-clinical populations (Lecrubier
et al. 1997). The reliability and validity of the MINI have
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been assessed in studies of persons with psychiatric
symptoms in the US and in France showing that the MINI
diagnoses had high inter-rater and test-retest reliability
(Lecrubier et al. 1997; Sheehan et al. 1998).

ESM Electronic Assessments
Perceived Stressfulness of Daily Events

Using an open-ended question, participants were instructed
to describe in a few words the event that affected them the
most since the last signal (covering the previous three
hours, on average). Participants were asked to rate the
stressfulness of each event on a 7-point Likert scale from 1
(Not at all) to 7 (Extremely stressful).

Depressed Mood State

Depressed mood states were assessed using a 7-point Likert
scale on which participants evaluated their mood at the
moment each signal occurred, ranging from 1 (Not at all
depressed) to 7 (Extremely depressed).

Overview of Analyses

Analyses were conducted using the Hierarchical Linear and
Nonlinear Modeling program (Raudenbush et al. 2001).
HLM treats the multiple observations gathered for each
participant as ‘Level 1’ data that are conceptualized as
nested within individuals as ‘Level 2’.

The impact of depression history and gender on
between-person differences in the average level of either
depressed mood or the stressfulness of events was exam-
ined by means-as-outcomes models. This model can be
described at Level 1 by the following equation:

Depressed Mood;; = fiy; + 1

in which Depressed Mood;; is the Depressed Mood score at
observation i for person j; the intercept f; is the individ-
ual’s average Depressed Mood score; and rj; is the error
term associated with observation i for person j.

The intercept can be explained at level 2 by the fol-
lowing equation:

Boj = 700+ o1 (Gender;) + 7 (Prior Depressionj>
+703 (Attributional Stylej> + Vo4 (Sociotropyj)
+ 705 (Autonomyj) + 706 (Substance Usej) + ug;

in which 7 is the overall intercept; yo; is the main effect
of Gender on fy;; 702 is the main effect of Prior Depression
on fo;; Yo3 is the main effect Attributional Style on B;; 704
is the main effect of Sociotropy on fg;; Vos is the main

effect of Autonomy on f;; 706 is the main effect of Sub-
stance Use on f;; and ug; is the unique increment to the
intercept associated with person j.

In order to determine emotional reactivity to stress,
associations between depressed mood and daily stress were
examined by an intercept-and-slopes-as-outcomes model.
Depressed mood scores at level 1 can be described by the
following equation:

Depressed Mood;; = fy; + f; (Daily stressij) + 1jj

in which Depressed Mood;; is the depressed mood score at
observation i for person j; the intercept fi; is the expected
mood score for person j when the Daily Stress score is 0;
the slope f3;; is the expected change in mood score for
person j for an increase in the severity of daily stress; Daily
Stress;; is the severity score of daily stress at observation i
for person j; and 1;; is the error term associated with
observation i for person j.

The intercepts and slopes can be explained at level 2 by
the following equations:

Boj = 700+ Vo1 (Gender;) + 70, (Prior Depressionj>
+ 703 (Attributional Stylej) + Vo4 (Sociotropyj)

+ 705 (Autonomyj) + Vo6 (Substance Usej) =+ uy;

Bij = o+ 7n (Genderj) +712 (Prior Depressionj>

+713 (Attributional Stylej) + 914 (Sociotropyj)
+ 715 (Autonomyj> + 716 (Substance Usej) +uyj

in which ) is the overall intercept; yo; is the main effect
of Gender on f;; yo» is the main effect of Prior Depression
on foj; Y3 is the main effect Attributional Style on f;; o4
is the main effect of Sociotropy on f;; yos is the main
effect of Autonomy on f;; 706 is the main effect of Sub-
stance Use on f;; and ug; is the unique increment to the
intercept associated with person j; and y,q is the overall
main effect of Daily Stress; 71, is the cross level interaction
term for Gender and Daily Stress, y;, is the cross level
interaction term for Prior Depression and Daily Stress; 7,3
is the cross level interaction term for Attributional Style
and Daily Stress; 74 is the cross level interaction term for
Sociotropy and Daily Stress; 75 is the cross level inter-
action term for Autonomy and Daily Stress; 74 is the cross
level interaction term for Substance Use and Daily Stress;
and uy; is the unique increment to the slope associated with
person j.

In order to identify interactions effects, the models were
then run using an additional Gender X Prior Depression
interaction term at level 2. These analyses, like all others,
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controlled for Sociotropy, Autonomy, Attributional Style,
and Substance Use.

Emotional reactivity was also examined in additional
stratified analyses performed in the prior depression versus
healthy control, and women versus men samples. These
models are similar to those presented above.

Results

Table 1 presents the demographic and clinical character-
istics of the group with a past history of depression and the
control group. No between-group differences were found in
age, gender, or the severity of cognitive vulnerabilities. In
the remitted depression group, the average number of prior
episodes was 3.4 (SD = 2.9), and the average age of onset
was 15 years old (SD = 2.9).

The majority of this group (61%) experienced more than
one previous episode. Those with a remitted depression
were more frequent substance users, Xz(l) = 9.46,
P < .01. Concerning comorbidity, 43.6% and 34.5% of this
group met lifetime criteria for anxiety or substance use
disorders, respectively. An analysis of the ESM data
demonstrated that the sample as a whole provided 3,475
valid observations across diverse daily life contexts. Par-
ticipants missed an average of 3.4 observations out of the
35 possible, and no significant difference between those
with remitted depression and the control subjects was
observed in the frequency of missing data.

Controlling for cognitive vulnerabilities and recent
substance use, a means-as-outcome analysis revealed that
women appraised daily events as being more negative on
average than men (yo; = 0.369, t = 2.190, P < .05). Prior
depression status also increased the perceived stressfulness
of daily events (yg, = 0.372, t = 2.003, P < .05). The
determinants of overall depressed mood levels and emo-
tional reactivity to stress were examined by an intercept-

Table 2 Emotional reactivity to daily stressors as a function of
gender and depression history

Fixed effect Coefficient SE T-ratio
Outcome variable: depressed mood

Intercept, yoo 1.516 0.150 10.079%**
Gender, 7, 0.450 0.142 3.172%*
Prior depression, y¢, —0.030 0.158 —0.194
Outcome variable: daily stressors/depressed mood slope

Intercept, 7o 0.029 0.035 0.837
Gender, 71, 0.142 0.039 3.584 %%
Prior depression, 7, 0.071 0.036 1.965*

* P <0.05; ¥* P <0.01; #* P <0.001

and-slopes-as-outcomes model (Table 2), again controlling
for cognitive vulnerabilities and substance use. Women
experienced higher depressed mood as compared to men
(yor = 0450, t =3.172, P = <.01), as well as greater
emotional reactivity to daily stressors (yo9; = 0.142,
t = 3.584, P = <.001). With respect to the main effects of
depression history, healthy controls and those with prior
depression did not differ in depressed mood levels across
the assessment week (y9, = —0.030, t = —0.194, P > 05).
However, those with prior depression were more emo-
tionally reactive to events perceived as stressful as com-
pared to healthy controls (yp, = 0.071, = 1.965,
P = <.05). A similar analysis was then performed
including an interaction term for gender by prior depres-
sion. This interaction was significant (yg3 = —0.142,
t = —1.961, P = <.05) indicating that gender differences
in emotional reactivity to daily stressors were greater in the
healthy control group who never experienced depression
(see Fig. 1). Within-group comparisons further demon-
strated that this effect was mainly attributable to increases
in emotional reactivity to stress in men with prior depres-
sion relative to men without prior depression (yg, = 0.164,
t = 3.495, P < .001), while no significant difference was

Table 1 Means, standard deviations, or frequencies of diverse variables in the previously depressed and control groups

Screening variables

Previously depressed group (N = 55)

Control group (N = 55)

% Mean SD % Mean SD
Age - 19.45 0.91 - 19.65 1.51
Gender (% female) 69.09 - - 67.27 - -
Sociotropy - 71.00 20.78 - 65.72 19.57
Autonomy - 69.05 15.20 - 71.05 12.90
Attributional Style - 3.42 1.03 - 3.11 0.94
Substance use (%) 58.18* - - 29.09 - -
ESM variables
Depressed mood - 1.98 1.30 - 1.86 1.30
Event stressfulness - 3.06 1.82 - 2.65 1.71

* P < .01, %> test levels of significance between those previously depressed and controls
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Fig. 1 Gender by prior depression interaction in emotional reactivity
to stress

observed for women between the group with prior
depression and the healthy controls (y, = 0.008,
t =0.172, P > 05).

Discussion

Stressful life events and female gender are each risk factors
for the onset of first episodes of depression, but appear to
be less associated with the onset of subsequent episodes
(Kessler et al. 1993; Monroe and Harkness 2005; Nolen-
Hoeksema 1990) The present controlled investigation
examined whether these patterns may reflect the capacity
of depression to induce changes in emotional reactivity to
negative events, and whether this effect may differ in men
and women.

Concerning main effects, gender had salient effects on
all outcomes studied. Compared to men, women demon-
strated higher depressed mood averages, rated events as
being more negative, and experienced greater depressed
emotional reactivity following events of equivalent impact.
Although gender effects in depression may be explained by
cognitive styles in women that enhance predispositions to
this disorder (Nolen-Hoeksema et al. 1999), it is important
to note that these analyses controlled for attributional style
and sociotropy-autonomy traits, all well-documented psy-
chological risk factors for depression (Alloy et al. 2000;
Clark et al. 1992; Metalsky et al. 1993; Nietzel and Harris
1990; Robins and Block 1988; Rude and Burnham 1993;
Swendsen 1998). In addition, the observed gender effects
were independent of recent substance use, an important
confounding factor given that men more often use specific
substances as a means of regulating negative emotions
(Swendsen et al. 2000). As may be expected by the
selection of participants on the basis of previous or
remitted depression, no differences were observed between

healthy controls and previously depressed individuals
concerning overall depressed mood levels. However, for-
merly depressed persons perceived events as being more
negative than normal controls. This observation is similar
to other ambulatory monitoring studies of persons with
current major depression (Peeters et al. 2003), but indicates
that the cognitive biases potentially induced by depression
may extend to the phase of remission and constitute a
vulnerability for future relapse. Past depression was also
associated with increased emotional reactivity to daily
events, a finding that differs from research on currently
depressed individuals and that is inconsistent with the
notion of a diminished role of stress in subsequent epi-
sodes. In this regard, the decreased emotional reactivity or
affective blunting observed in currently depressed patients
(Peeters et al. 2003) may not characterize these same
individuals when depression is remitted. Moreover, while
major life events appear to be less predictive of a depres-
sion relapse than they are of a first episode of this disorder
(Cassano et al. 1989; Ghaziuddin et al. 1990; Mazure
1998), the present findings argue against the conclusion
that depression renders individuals less sensitive to the
effects of stress. Rather, an alternative interpretation for
this pattern is that prior episodes of depression actually
increase sensitivity to stress, including events of consid-
erably lower magnitude. Subsequent episodes of depres-
sion may therefore occur in the absence of major life
events, while still remaining strongly associated with
stress.

Perhaps the most novel finding of this investigation
concerns evidence for an interaction between depression
history and gender. The effect of past depression on stress
sensitization was stronger in men than in women, and
gender differences in emotional reactivity were observed
only in the healthy control group and not in those with prior
depression. Moreover, analyses stratified by gender suggest
that this pattern is likely to be attributable mainly to
changes in stress reactivity among men. Specifically, men
in the remitted depression group were significantly more
reactive to negative events than men who had never been
depressed, while no differences were observed for women
across these groups. This finding parallels results from a
longitudinal study of young adults showing that in men
with prior depression only, negative attributional style was
predictive of psychopathology at follow-up (Lewinsohn
et al. 2000). Gender effects had also been observed in
adolescents where the vulnerability-stress interaction pre-
dicted BDI scores only for boys and not for girls (Hankin
et al. 2001). Further, our finding may help to explain why
gender differences in rates of depression change as a
function of prior episodes (Kendler et al. 2001; Kessler
2000, 2003; Kessler and McLeod 1984), and indicate that a
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prior episode of this disorder renders men and women more
equivalent in terms of vulnerability to depression.

A strength of the present study is its use of the Expe-
rience Sampling Method (ESM), which is adapted to the
assessment of more common forms of stress that are lar-
gely inaccessible to questionnaire or interview-based
instruments. The numerous observations collected per
individual using this technique also allow depressed mood
changes to be examined from a within-person perspective,
an approach which has been under-utilized as compared to
analyses based solely on between-person variance. A lim-
itation of ambulatory monitoring, however, is that the
objective stress exposure is difficult to verify and therefore
the findings should be interpreted only within the context
of perceived stress. The focus on perceived stress in this
investigation does not permit us to rule out that the daily
lives of those with prior depression comprised more
objective stressors as suggested by the stress generation
hypothesis (Hammen 1991). It is also important to note that
given the young age of the sample, the possibility exists
that different associations may be observed among older
individuals or those with more extensive depression his-
tories. Further, in interpreting these findings it is important
to consider the possibility that the differences in emotional
reactivity in men with and without a history of depression
may be due to unknown factors not identified in this study,
rather that due to their experience of major depression
alone. Finally, although depressed mood is a core feature of
major depression, different findings may be observed for
other specific symptoms of this disorder. The findings
nonetheless provide support for the notion that past
depression affects stress reactivity differentially in men and
women, and may therefore help to provide an explanation
for changes in the risk posed by gender and stress for first
versus subsequent episodes. Identifying the mechanisms
underlying these changes may lead to the development of
possible gender-based interventions for reducing recur-
rence rates.
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