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a b s t r a c t

Background: Post-traumatic stress disorder (PTSD) and depression are common after cardiac surgery.
Lifetime stress exposure and personality traits may influence the development of these psychiatric
conditions.
Methods: Self-reported rates of PTSD and depression and potential determinants (i.e., trait anxiety and
stress exposure) were established 1.5 to 4 years after cardiac surgery. Data was available for 1125 out of
1244 (90.4%) participants. Multivariable linear regressions were conducted to investigate mediating and/
or moderating effects of trait anxiety on the relationship between stress exposure, and PTSD and de-
pression. Pre-planned subgroup analyses were performed for both sexes.
Results: PTSD and depression symptoms were present in 10.2% and 13.1% of the participants, respec-
tively. Trait anxiety was a full mediator of the association between stress exposure and depression in
both the total cohort and female and male subgroups. Moreover, trait anxiety partially mediated the
relationship between stress exposure and PTSD in the full cohort and the male subgroup, whereas trait
anxiety fully mediated this relationship in female patients. Trait anxiety did not play a moderating role in
the total patient sample, nor after stratification on gender.
Limitations: The unequal distribution of male (78%) and female patients (22%) might limit the general-
izability of our findings. Furthermore, risk factors were investigated retrospectively and with variable
follow-up time.
Conclusions: In cardiac surgery patients, trait anxiety was found to be an important mediator of post-
operative PTSD and depression. Prospective research is necessary to verify whether these factors are
reliable screening measures of individuals' vulnerability for psychopathology development after cardiac
surgery.

& 2016 Elsevier B.V. All rights reserved.
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, The Netherlands.
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1. Introduction

Patients undergoing cardiac surgery are at high risk of devel-
oping post-traumatic stress disorder (PTSD) and depression. These
problems occur in up to 15% and 20% of the patients, respectively
(Griffiths et al., 2007; Tully, 2012), and may hamper full recovery
(Granja et al., 2012; McKhann et al., 1997; Pirraglia et al., 1999).

Stress exposure during life may alter hypothalamic-pituitary-
adrenal (HPA) axis responses when encountering novel stressful
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situations (Binder et al., 2008; Maripuu et al., 2014). Furthermore,
stress exposure during childhood has long-term consequences on
the ability to cope with stressors later in life (Horovitz et al., 2012).
The influence of lifetime stress exposure on the development of
psychopathology (i.e., PTSD and depression) in cardiac surgery
patients is currently unknown.

The impact of lifetime stress on an individual depends partially
on personality traits, such as anxiety (DiGangi et al., 2013; Kadak
et al., 2013; Spielberger et al., 1983; van der Ploeg, 1980; van Reedt
Dortland et al., 2012; Vinkers et al., 2014). High trait anxiety is
common among cardiac patients and associated with core symp-
toms of PTSD (Jakšic et al., 2012; Jones et al., 2001; Kress et al.,
2003). We hypothesized that the relation between lifetime stress
exposure and psychopathology is mediated or moderated by the
individual variation in trait anxiety. Identifying a mediating effect
would imply trait anxiety to be a key factor in the causal pathway
of lifetime stress exposure to psychopathology, and thus poten-
tially amenable for interventions. A moderating role of trait anxi-
ety would provide a more precise estimate of individual vulner-
ability to psychopathology after lifetime stress exposure and
thereby contribute to our understanding of disease etiology
(Kraemer et al., 2008).

The aim of this study was to investigate the mediating and/or
moderating effect of trait anxiety on the relationship between
childhood trauma and stressful life events on the one hand, and
the post-operative development of PTSD and depression in cardiac
surgery patients on the other hand.
2. Materials and methods

2.1. Patients

Patients of 18 years and older who were scheduled for cardiac
surgery requiring cardiopulmonary bypass were eligible to parti-
cipate in the Dexamethasone for Cardiac Surgery (DECS) study
(Clinicaltrials.gov identifier: NCT00293592). DECS study partici-
pants were randomized to receive dexamethasone or placebo
(1 mg/kg bodyweight) intravenously during surgery in a double-
blind way. Details of the study design have been published
Fig. 1. Flow
previously (Dieleman et al., 2012). For the present study, patients
who participated in the DECS study a maximum of 3.5 years ago
were recruited from the five cardiac surgery centers which yielded
approximately 90% of the original DECS study sample: University
Medical Center Utrecht, Isala Clinics, Amphia Hospital, University
Medical Center Groningen, and Erasmus Medical Center. Partici-
pants (n¼2458) were assessed for eligibility between April 2006
and November 2011. Exclusion criteria were derived from the DECS
study, and encompassed a life expectancy of 6 months or less, or
an off-pump cardiac surgery procedure. There were no additional
exclusion criteria for the present follow-up study. Time between
cardiac surgery and the current assessment of lifetime and present
psychopathology and postoperative psychopathology varied from
1.5 to 4 years.

2.2. Data collection

Participants received questionnaires by mail and a reminder by
telephone, in order to increase the response rate. After obtaining
written informed consent for the current study (n¼1244; 50.6% of
the eligible participants of the DECS study sample), 1125 (90.4%)
patients returned questionnaires (Fig. 1). All questionnaires were
scanned at once, and correspondence of digitized scores with the
paper questionnaires was checked (in 5% of randomly selected
participants). The Medical Ethics Committee of the University
Medical Center Utrecht approved this study.

2.3. PTSD and depression

Symptoms related to PTSD were measured by the Self-Report
Inventory for PTSD (SRIP), which was previously well validated
(van Zuiden et al., 2011, 2012) though not specifically after ICU
treatment. The SRIP is a 22 item questionnaire which addresses
DSM-IV-TR criteria of PTSD in the past four weeks (Hovens et al.,
2000). It is rated on a 4-point (0–3) Likert scale, with higher scores
indicating the presence of more symptoms. A literature-based cut-
off score of 39 (sensitivity¼0.74, specificity¼0.81) was used to
detect if above threshold symptoms of PTSD (for clarity, further
referred to as PTSD) were present (van Zelst et al., 2003a; 2003b).
Internal consistency is good with Cronbach's alpha scores ranging
chart.
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between 0.90 and 0.94; average test-retest reliability is 0.69 (Ho-
vens et al., 2000).

Depressive symptoms in the past week were measured con-
form DSM-IV-TR criteria by the 21-item Beck Depression Inventory
– Revised (BDI-II) (Beck et al., 1996a). Each item scores on a scale
from 0 to 3 and higher scores represent more severe symptoms.
Depression was defined as the presence of above threshold
symptoms (i.e., a cut-off score of 13.5; sensitivity¼0.81,
specificity¼0.92) (Dozois et al., 1998). Cronbach's alpha and test-
retest reliability were 0.93 (Beck et al., 1996b).

2.4. Stress exposure and trait anxiety

The Childhood Trauma Questionnaire (CTQ) addresses five di-
mensions of trauma (i.e., physical abuse, emotional abuse, sexual
abuse, physical neglect, and emotional neglect) during childhood
and adolescence (Bernstein et al., 2003). It consists of 28 items,
scored on a 5-point Likert scale. Dimension scores add up to yield
a total score of 0 to 125. Higher scores indicate a higher level of
childhood trauma. Test-retest reliability is 0.79–0.86, and median
internal consistency reliability coefficients range from 0.66 to 0.92
(Thombs et al., 2009).

The exposure to life events before cardiac surgery was mea-
sured using the Life Stressor Checklist Revised (LSC-R). This
questionnaire consists of 30 items and one point is assigned to
every affirmative answer. This yields an overall life stressor score,
ranging from 0 to 30 with higher scores representing exposure to
more life events. Average test-retest reliability is 0.70 (Wolfe et al.,
1996).

A comprehensive assessment of stressful experiences during
life is more informative with respect to an individual's vulner-
ability for psychopathology than focusing on a single stress do-
main (Vinkers et al., 2014). Therefore, z-scores of CTQ and LSC-R
outcomes were used to calculate a stress exposure score (Vinkers
et al., 2014).

Trait anxiety was assessed using the State-Trait Anxiety In-
ventory Trait scale (STAI-T) (Kvaal et al., 2005). This 20-item
questionnaire addresses individual differences in intensified state
anxiety as reaction to potential threatening events (Barnes et al.,
2002). It uses a 4-point Likert scale and yields a sum-score be-
tween 20 and 80, where higher scores indicate higher trait anxiety.
Cronbach's alpha ranges from 0.73 to 0.97 and the average test-
retest reliability ranges between 0.73 and 0.86 (Barnes et al., 2002;
Kvaal et al., 2005). High trait anxiety was defined in this study as a
STAI-T score of 39 or higher (Kvaal et al., 2005).

2.5. Other variables of interest

The demographic characteristics age, sex, height, weight, level of
education, and substance use were collected through the electronic
hospital information system and follow-up questionnaires. These
questionnaires also yielded retrospective information about coexisting
psychiatric conditions (i.e., depression, anxiety disorder, and bipolar
disorder) before surgery until 1.5 to 4 years post-operatively. In-
formation about coexisting medical conditions were previously re-
ported elsewhere (Kok et al., 2016). The DECS trial database contained
data with regard to EuroSCORE (indicating the risk of perioperative
mortality) (Nashef et al., 1999), length of ICU stay, first ICU admission,
and prolonged mechanical ventilation (Dieleman et al., 2012).

2.6. Statistical analysis

Relevant socio-demographic and clinical characteristics were
analyzed by using descriptive statistics. Missing values occurred in
274 cases (24.4%), of which 58 missing outcome variables (5.2%; 12
for PTSD and 46 for depression). With regard to baseline variables,
missing values ranged from 0.0% (age, sex, ICU length of stay, de-
pression, anxiety, and bipolar disorder) to 1.9% (level of education).
Since biased inferences could result from conducting complete
cases analysis only, multiple imputation was conducted using both
independent and dependent variables. Analyses were conducted
in ten imputed datasets and results were pooled according to
Rubin's rule (Groenwold et al., 2012; Donders et al., 2006; Little,
1992; Rubin 1987).

We applied multivariable linear regression to quantify the possi-
ble association between stress exposure, and postoperative PTSD and
depression. All potential important factors were assessed with regard
to relevance, possible clinical implications, and accuracy of mea-
surement. Power analysis conceded a maximum of six factors (i.e.
age, sex, randomization variable, pre-existing psychopathology, stress
exposure, and trait anxiety) that could be added to the regression
model. To assess the role of trait anxiety, moderating and mediating
analyses were conducted (Baron and Kenny, 1986; Koeske and
Koeske, 1993). The independent and potential mediating/moderating
determinants were centered by subtracting the sample means from
each participant's values, to obtain z-scores (Aiken and West, 1991).
Spearman rank correlation was used to assess univariate associations
between all determinants. Significant associations are a precondition
for a test of mediation (Holmbeck, 1997). To investigate the potential
mediating effect of trait anxiety, a priori defined hierarchical re-
gression was conducted on continuous SRIP and BDI-II scores. Age,
gender, pre-existing psychopathology, and dexamethasone inter-
vention (i.e., whether a patient received dexamethasone or placebo)
were potential confounders and entered in step 1, stress exposure
was regressed on step 2, and trait anxiety on step 3. Reduction of the
β-value for the stress exposure variable from significance to non-
significance in step 3 demonstrates full mediation (Peñacoba-Puente
et al., 2008). Partial mediation by trait anxiety is present when the β-
value is reduced, but not to non-significance (Peñacoba-Puente et al.,
2008). To test the possible moderating effect of trait anxiety, the
aforementioned potential confounders were entered in the first
block, and stress exposure and trait anxiety in the second block. In
the third block an interaction term -created by multiplying the
centered stress exposure and moderator variables- was regressed.
Regression lines were plotted when the main effect of this interac-
tion term was significant. A moderating effect is present when the
intercepts and slopes show change in the expected direction for re-
gression equations with low and high values of trait anxiety.

Pre-planned subgroup analyses were carried out for both sexes.
Complete case analysis was performed as a sensitivity analysis. A
significance level of α¼0.05 was applied and IBM SPSS version 20
(SPSS Inc., Chicago, Ill) was used.
3. Results

3.1. Sample characteristics

Preoperative, surgical, and ICU-related baseline characteristics
are listed in Table 1. According to the established cut-off scores,
symptoms of PTSD and depression were present in respectively
10.2% and 13.1% of the study sample. High trait anxiety was pre-
sent in 183 (16.3%) patients, of which 120 (65.6%) patients showed
psychopathology.

3.2. Mediating effect of trait anxiety on psychopathology

Preconditions for a test of mediation were met. Medians, in-
terquartile ranges, and Spearman rank correlation coefficients are
listed in Table 2.

After addition of trait anxiety to the model, partial mediation
on the relation between stress exposure and PTSD was found (β



Table 1
Demographic and clinical characteristicsa.

Age, median (IQR), y 69.6 (63.0–76.1)
Male sex 878 (78.0)
Height, median (IQR), cm 175 (170–181)
Weight, median (IQR), kg 82 (73–92)
Level of education

No education/elementary school 224 (19.9)
Lower vocational education 395 (35.1)
Higher vocational education 433 (38.5)
University 73 (6.5)

Intoxications
Smoking 105 (9.3)
Alcohol 876 (77.9)
Substance use 5 (0.4)

Lifetime and present psychopathologyb

Depression 22 (2.0)c/ 26 (2.3)d

Anxiety disorder 18 (1.6)c/ 29 (2.6)d

Bipolar disorder 6 (0.5)c/ 1 (0.1)d

EuroSCOREe, median (IQR) 4 (3–6)
ICU LOS, median (IQR), h 21 (19–24)
First ICU admission 911 (81.0)
Prolonged mechanical ventilation (448 h) 20 (1.8)

Abbreviations: EuroSCORE, European System for Cardiac Operative Risk Evaluation;
COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; IQR, inter-
quartile range; LOS, length of stay.
*po .05.

a Data shown as number (%) unless stated otherwise.
b Inventory by self-report questionnaire.
c Psychiatric conditions before surgery.
d Psychiatric conditions up until 1.5 years post-operatively.
e Higher scores represent increased perioperative mortality risk.
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reduction from 0.325 to 0.068 and po .001 to p¼0.003; Fig. 2a;
Table 3). Trait anxiety fully mediated the effect between stress
exposure and depression (β reduction from 0.282 to 0.015 and
po0.001 to p¼0.507; Fig. 2a; Table 4). Subgroup analysis in-
dicated trait anxiety to be a partial mediator of the effect between
stress exposure and PTSD in male patients (n¼878; Supplemental
Table 1), whereas full mediation was found in female patients
(n¼247; Supplemental Table 2). With regard to the relationship
between stress exposure and depression, full mediation by trait
anxiety was observed in both male and female patient subgroups
(Supplemental Tables 3 and 4, respectively). Complete case ana-
lyses yielded comparable results.

3.3. Moderating effect of trait anxiety on psychopathology

Assessment of the moderating effect of trait anxiety on the
relationship between stress exposure and PTSD showed a sig-
nificant main effect for the interaction term [trait anxiety x stress
exposure] (β¼0.051; p¼0.038). The intercepts and slopes for the
high and low trait anxiety groups did not differ and did not change
Table 2
Medians, interquartile range (IQR), and Spearman rank correlation coefficients for each

Median (IQR) 2. LSC-R 3.

1. CTQ 33.0 (30.0–38.0)a .077n .94
2. LSC-R 3.0 (2.0–4.0)a – .36
3. Stress exposure -2.5 (�5.5–2.5)b –

4. STAI-T 28.0 (24.0–36.0)
5. SRIP 26.0 (23.0–31.0)
6. BDI-II 5.0 (2.0–9.0)

Abbreviations: BDI-II, Beck Depression Inventory-Revised; CTQ, Childhood Trauma Questi
STAI-T, State-Trait Anxiety Inventory Trait scale.

n po .05
nn po .01
a scores centered by subtracting the sample means from each participant's values
b Centered variable composed by adding up centered CTQ and LSC-R scores.
in the predicted direction (Fig. 3). For depression, no moderating
effect of trait anxiety was found on the association between stress
exposure and depression; the effect of the interaction term was
non-significant (β¼0.008; p¼0.754). Furthermore, stratified ana-
lysis for sex showed no moderating effect of trait anxiety on the
relation between stress exposure, and PTSD and depression in
male patients (β¼0.047; p¼0.098 and β¼0.011; p¼0.694, re-
spectively), nor in female patients (β¼0.092; p¼0.061 and
β¼0.015; p¼0.747, respectively). Complete case analyses yielded
comparable results.
4. Discussion

This study is one of the largest observational studies evaluating
PTSD and depression after cardiac surgery. We aimed to in-
vestigate the effect of trait anxiety on the relationship between
childhood trauma and stressful life events, and the development of
PTSD and depression.

Trait anxiety and stress exposure during life emerged as im-
portant risk factors for the development of psychopathology. More
specifically, trait anxiety was found to mediate the impact of stress
exposure during life on the risk to develop PTSD and depression.
These findings might have clinical implications for the early
identification of individuals at risk after cardiac surgery.
4.1. Stress exposure during life and vulnerability to psychopathology

During childhood, the neuronal system is particularly suscep-
tible to environmental inputs, which can lead to functional and
epigenetic modifications (Agorastos et al., 2014). Moreover, it af-
fects fear response circuits and leads to long-lasting alteration in
psychophysiological reactivity (Horovitz et al., 2012). Hence, the
ability to cope with stressors later in life is hampered and asso-
ciations with depression and PTSD are often found (Horovitz et al.,
2012; Spindler, 2005).

In cardiac surgery patients, psychiatric morbidity is common
and an increase of both symptom frequency and severity with
regard to PTSD and depression is often reported after discharge
(Musselman et al., 1998; Spindler, 2005). Vice-versa, the patho-
physiologic progression of cardiovascular disease is influenced by
the presence of depression: depressed patients have an increased
risk for future cardiac events and mortality (Gold, 2015; Mussel-
man et al., 1998). Furthermore, the presence of depressive symp-
toms negatively influences compliance with medical therapy and
rehabilitation (Gold, 2015). Therefore, early recognition of psy-
chopathology and effective treatment is crucial for recovery.
of the assessed variables and outcome measures.

Stress exposure 4. STAI-T 5. SRIP 6. BDI-II

8nn .335nn .269nn .228nn

5nn .147nn .196nn .167nn

.340nn .290nn .248nn

– .705nn .665nn

– .751nn

–

onnaire; LSC-R, Life Stressor Checklist Revised; SRIP, Self-Report Inventory for PTSD;



Fig. 2. Trait anxiety and psychopathology after cardiac surgery and intensive care unit (ICU) treatment. a. Trait anxiety partially mediates the relation between stress
exposure and PTSD and fully mediates this relation with regard to depression. b. Hypothetical representation of trait anxiety as a potential vulnerability factor for psy-
chopathology after exposure to cardiac surgery and intensive care unit (ICU) treatment.
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4.2. Trait anxiety and coping with stress

In line with previous studies (Jakšic et al., 2012; Jones et al.,
2001; Peñacoba-Puente et al., 2008), we found trait anxiety to be
the strongest determinant for PTSD and depression. People with
high trait anxiety have a tendency to perceive stressful situations
as dangerous or threatening (Spielberger et al., 1983). It has been
shown that these individuals have a more sensitive autonomic
system and their arousal levels take longer to return to baseline
(Jakšic et al., 2012; van der Ploeg, 1980). This indicates that trait
anxiety affects the way in which patients are able to process and
cope with stressful events, ultimately affecting their mental health
(Jakšic et al., 2012; van der Ploeg, 1980). The hypothetical role of
Table 3
Associations between stress exposure, trait anxiety and PTSD.

β t

Step 1: Age .009 .288
Gender -.061 -1.892
Randomization variable -.024 -.758
Pre-existing psychopathology -.034 -1.081

Step 2: Age .011 0.376
Gender -.054 -1.790
Randomization variable -.031 -1.026
Pre-existing psychopathology -.022 -.713
Stress exposurea .325 10.829

Step 3: Age .023 1.080
Gender -.026 -1.191
Randomization variable -.076 -3.512
Pre-existing psychopathology -.021 -.994
Stress exposurea .068 2.962
Trait anxiety .711 30.791

Note: Standardized regression coefficients (betas) are derived from the step in which th
a Sum of centered scores on childhood trauma and stressful life events.
high trait anxiety as vulnerability factor for developing psycho-
pathology is depicted in Fig. 2b. We further explored the role of
these affective-cognitive responses (Hong and Paunonen, 2011)
and found trait anxiety to have a partial mediating effect on PTSD,
whereas full mediation was seen with regard to depression. This
difference might be due to the fact that an exposure to a stressful
event is inherent to PTSD, which is not the case for depression
(American Pyschiatric Association, 2000).

Post-hoc subgroup analyses did not yield different results be-
tween male and female patients, except for the mediating effect of
trait anxiety with regard to PTSD. Since our cohort consisted
predominantly of male patients, these observed effects in the total
sample could be driven by the male subgroup. Since gender
F (df) R2 Adjusted R2 p-value

.774

.059

.449

.280
1.438(4) .006 .002

.707

.074

.305

.476

.000
24.739(5) .111 .107

.281

.234

.000

.320

.003

.000
198.391(6) .547 .544

ey are added to the equation. PTSD, post-traumatic stress disorder.



Table 4
Associations between stress exposure, trait anxiety and depression.

β t F (df) R2 Adjusted R2 p-value

Step 1: Age .043 1.337 .181
Gender -.078 -2.432 .015
Randomization variable .015 .464 .643
Pre-existing psychopathology -.004 -.131 .895

1.804(4) .007 .003

Step 2: Age .045 1.455 .146
Gender -.072 -2.355 .019
Randomization variable .009 .291 .771
Pre-existing psychopathology .007 .230 .819
Stress exposurea .282 9.257 .000

18.704(5) .086 .082

Step 3: Age .057 2.664 .008
Gender -.043 -1.996 .046
Randomization variable -.038 -1.763 .078
Pre-existing psychopathology .007 .332 .740
Stress exposurea .015 .664 .507
Trait anxiety .738 32.263 .000

205.472(6) .555 .553

Note: Standardized regression coefficients (betas) are derived from the step in which they are added to the equation.
a Sum of centered scores on childhood trauma and stressful life events.

Fig. 3. Moderating effects of trait anxiety between stress exposure and symptoms
of post-traumatic stress disorder (PTSD) as measured by the Self-Report Inventory
for PTSD (SRIP). Regression lines are plotted for high (þ1 SD above the mean) and
low (�1 SD below the mean) values of stress exposure.
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differences are not uncommon in anxiety and mood disorders
(Bouchoucha et al., 2013; Solomon and Herman, 2009; Viswanath
et al., 2011), future studies with a prospective design and a more
equal female/male distribution are necessary to elaborate on our
preliminary findings.

4.3. Strengths & limitations

This study has several important strengths. We studied po-
tential risk factors for the development of psychopathology in a
large cohort of homogeneous cardiac surgery patients. The short
validated questionnaires hold potential for use as screening in-
struments in a clinical setting. The long-term follow up period of
1.5 until 4 years after surgery adds important information to the
existing literature, which predominantly describes psychopathol-
ogy within 1 year after discharge. Furthermore, it was previously
shown that there were no differences in the occurrence of PTSD
and depressive symptoms throughout this variable follow-up time
period (Kok et al., 2016).

However, the study data should be interpreted with the fol-
lowing limitations in mind. First, the study population included
more male (78%) than female patients (22%) which is typical for a
cardiac surgery cohort (Bening et al., 2013) but might limit the
generalizability of our findings. Second, the presence of PTSD and
depressive symptoms is based on validated questionnaires by mail
instead of a diagnostic interview (Hovens et al., 2000; van Zelst
et al., 2003b; Beck et al., 1996a, 1996b). Therefore, our outcome
measurements merely give an indication of the presence of PTSD
and depression symptoms. Moreover, this cohort only allowed us
to investigate risk factors retrospectively and with variable follow-
up time. Although no significant differences were found with re-
gard to follow-up time, this makes our results more difficult to
interpret. In theory, trait anxiety and childhood trauma scores
should be similar whether tested prior to or after surgery since
these are considered to remain relatively stable over time (van der
Ploeg, 1980). However, in previous literature an association be-
tween childhood trauma scores and psychopathology is more
frequently found in retrospective studies in comparison to pro-
spective studies (Scott et al., 2012). Therefore, a certain degree of
recall bias cannot be ruled out. Lastly, a selection bias based on
higher rates of cognitive impairment or mental health problems in
the non-responders cannot not be ruled out, since information
about pre- and postoperative cognitive functioning or psycho-
pathology (i.e. up to 1.5 years postoperatively) was not assessed.
5. Conclusion and clinical implications

We found trait anxiety to be a potent mediator of the relation
between stress exposure, and the development of PTSD and de-
pression after cardiac surgery. Screening on trait anxiety might
provide quickly available and valuable information and identify
those most in need for psychological monitoring after discharge.
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