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Post-traumatic stress disorder among heart ==

disease patients: a clinical follow-up
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Abstract

Background Myocardial infarction is likely to be experienced as a life-threatening and potentially traumatic event.
Approximately one-third of patients with myocardial infarction experience clinically significant symptoms of anxiety/
depression. However, it is unclear how many of these patients experience these symptoms because of post-traumatic
stress disorder (PTSD). We conducted a clinical screening of individuals with a confirmed myocardial infarction diag-
nosis. Our goal was to examine the prevalence of PTSD in myocardial infarction patients and study how PTSD symp-
toms were associated with exposure to potentially traumatic events.

Method This is epidemiological research with a cross-sectional design following up participants from the Tromsg
Study with a confirmed diagnosis of myocardial infarction. We sent invitations to participants in the Tromsg Study
with clinically significant self-reported anxiety or depression symptoms following myocardial infarction. A cross-sec-
tional sample of N=79 participants (61 men and 18 women) was collected. During an interview, participants com-
pleted the Stressful Life Events Screening Questionnaire and the PTSD checklist PCL-5.

Results We found nine participants (11.6%) with probable PTSD. This was significantly higher than the postulated
population prevalence in Norway (p <0.015). We found no direct association between myocardial infarction as illness
trauma and symptom levels (p=0.123). However, we found a significant linear trend (p=0.002), indicating that symp-
tom severity increased proportionately as the number of post-traumatic events increased.

Conclusion PTSD prevalence in myocardial infarction patients was related to lifetime exposure to traumatic events,
not the myocardial infarction event alone. More research is required to examine the interaction between myocardial
infarction and PTSD. Clinicians should be aware that anxiety or depression symptoms after Ml could be secondary
symptoms of PTSD.
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Introduction

It is widely recognized that heart disease is related to
symptoms of anxiety or depression [1]. Post-diagnostic
comorbid mental health issues among heart disease
patients are well described [2—11], but the main research
focus has been on mood disorders (i.e., anxiety/depres-
sion). We found in a previous study that 32.9% of patients
with myocardial infarction (MI) reported clinically sig-
nificant symptoms of anxiety and depression [12]. The
prevalence is higher than in the general population [13].
However, it is important to note that experiencing both
anxiety and depressive symptoms does not automatically
mean that an individual is suffering from a mood disor-
der. These symptoms can also be secondary to trauma
and stress-related disorders, such as post-traumatic
stress disorder (PTSD).

PTSD is unique among mental disorders because it has
a bidirectional relationship with cardiovascular disease
(CVD). On the one hand, exposure to traumatic events
and subsequent development of PTSD can harm physi-
cal health and increase the risk of early CVD, and in turn,
worsen the prognosis of the CVD [14-16]. PTSD is a
condition that causes elevated and dysregulated long-
term stress response, leading to an increase in blood
pressure and heart rate. This can increase the likelihood
of developing coronary heart disease [17, 18]. PTSD can
have biological consequences such as hypothalamic—
pituitary—adrenal axis dysregulation, dysfunction of the
autonomic nervous system, and chronic inflammation.
These effects can increase the risk of developing new car-
diac events or negatively impact the prognosis [19, 20].

A person may develop post-traumatic stress disorder
(PTSD) after experiencing one or multiple traumatic
events, including but not limited to war, physical assault,
sexual violence, kidnapping, hostage-taking, terrorist
attacks, torture, natural or human-made disasters, and
severe accidents. Life-threatening illnesses are not neces-
sarily considered traumatic events, and medical incidents
that do qualify as traumatic events are typically sudden,
catastrophic events [21]. MI is likely to be experienced
as a life-threatening situation and might become a trau-
matic event [22]. MI patients may experience severe
stress, leading to the onset of PTSD symptoms in vulner-
able individuals [23]. In addition to the subjective percep-
tion and reaction to the cardiac event (e.g., believing one
will die), other risk factors are equally important, such as
previous traumatization, previous heart disease, negative
affect (in hospital), lack of social support, and depression.
Intense fear may also be increased by external frighten-
ing elements during hospital treatment, especially when
the demand for emergency services exceeds the ability
of physicians and nurses to provide quality care within a
reasonable time [19].
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The lifetime occurrence of PTSD in Norway is 2.5%,
while in the USA, it is approximately 8% [24—26]. Accord-
ing to a Norwegian study, 22% of MI patients met the cri-
teria for a diagnosis of PTSD [27]. A Swedish study found
a 21% prevalence of PTSD after surviving an out-of-hos-
pital cardiac arrest [28]. Other studies show an average of
12% (range 0%-38%) prevalence of PTSD [29].

We wanted to identify PTSD among patients with myo-
cardial infarction and examine their experience of poten-
tially traumatic events (PTEs). The Tromse Study is a
prospective cohort study in Norway. We invited all par-
ticipants registered with a confirmed MI diagnosis and
significant self-reported mental health symptoms. All
underwent screening to identify individuals with a plausi-
ble PTSD diagnosis. The objective was to gather evidence
of probable PTSD and examine how symptom severity
levels are associated with disease and other PTEs.

Method

Sample and design

This is a cross-sectional epidemiological study that fol-
lowed up participants from the Tromse Study who were
diagnosed with MI. The Tromsg Study is a prospective
cohort study consisting of seven repeated population
health surveys. They are referred to as Tromsel-7 and
were carried out in 1974, 1979-80, 1986—87, 1994-95,
2001, 2007-08, and 2015-16. The study includes large,
representative samples of the Tromse population, with
the invitation of whole birth cohorts and random sam-
ples [30]. The Tromse Study collects data on incident
cases of MI by linkage to the discharge diagnosis regis-
try with a search for relevant diagnoses at the University
Hospital of North Norway (including outpatients) for
the participants using the unique national identification
number. The systematic registration of MI events started
in 1974 and ended in 2014. The incident cases of MI were
identified retrospectively and determined by an endpoint
committee using medical records and notes. This process
is described in detail elsewhere [31].

We used two samples recruited from the Tromsg Study
participants (Tromse7) and the Department of Cardiac
Medicine of the University Hospital of North Norway
(UNN). The inclusion criteria were men and women with
a confirmed MI diagnosis. From a total of 818 partici-
pants with a validated MI diagnosis among the Tromsg7
participants, we identified 208 individuals with both MI
and significant symptoms of anxiety or depression (Hop-
kins Symptom Checklist score>1.65). Those still alive
(N=140) were contacted by the Tromse Study with a
written invitation to participate in a follow-up interview.
Sixty-two participants (response rate 44.3%) consented
and participated in a clinical screening.
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We invited men and women of varying ages and
types of infarctions (STEMI/NSTEMI) from UNN. We
included former patients with at least one year since the
MI event. A partner at UNN identified former patients
from the Norwegian register of invasive cardiology. We
included 16 patients whose MI event took place at least
one year previously. All patients on the list were invited
regardless of mental health status. The patients were
contacted with a written invitation to participate. Those
who wanted to participate replied directly to the project
manager.

Measurements

All participants took part in an interview designed to
probe into possible PTSD symptoms. All participants
completed the Stressful Life Events Screening Question-
naire (SLESQ) and the PTSD checklist for DSM-5 (PCL-
5), a validated clinical tool. Trained clinical psychologists
conducted interviews and evaluations; however, this
study did not include a complete diagnostic interview.
We registered the number and types of PTEs with the
SLESQ. The SLESQ scores are a continuous variable [32].
We assessed PTSD symptoms with the PTSD checklist
(PCL-5). PCL-5 is a 20-item self-report measure that
assesses the symptoms of PTSD according to DSM-5 [22].
It is used for screening individuals for PTSD and making
a provisional PTSD diagnosis. Patients have the option to
fill out the PCL-5 questionnaire before a session, while
they are in a waiting room, or as part of a research study.
The questionnaire typically takes 5—10 min to complete.
Each item is formulated as a question such as "In the past
month, to what extent were you bothered by: Repeated,
disturbing, and unwanted memories of the stress-
ful experience?" The response is measured on a 5-point
Likert scale, ranging from O (not at all) to 4 (extremely).
A PCL-5 score>31 is equivalent to probable PTSD. A
lower cut-point score could be considered when screen-
ing or when it is desirable to maximize the detection of
possible cases; however, we chose to use a moderate or
higher cut-point score to make a probable diagnosis and
to minimize false positives [24].

Statistical analysis

In order to characterize the participants we observed, we
examined their gender, the types of traumatic incidents
they had encountered (PTEs), and their symptom sever-
ity levels based on the number of PTEs they had expe-
rienced. Based on our data analysis, we categorized the
sample into three groups: "No PTE," "1-2 PTEs," and "3
or more PTEs". This differentiation was made due to the
noticeable symptom differences observed at this thresh-
old. We utilized Pearson’s chi-square test to examine the
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associations among the amount of PTEs, gender, PTE
categories, and the intensity of symptoms.

We performed a t-test to compare the frequency of
PTEs in people with and without probable PTSD. We
used ANOVA to investigate the relationship between the
severity of symptoms and the prevalence of PTEs. The
PCL-5 score was used as the dependent variable, while
the number of PTEs was the independent variable. We
used nonparametric series estimation with a polynomial
basis to analyze potential thresholds. Nonparametric
regression models the mean of the outcome based on the
covariate without any assumptions about the functional
relationship between the outcome and the covariates.

We determined the percentage of individuals who
showed signs of probable PTSD during the clinical
screening. To assess the prevalence of probable PTSD,
we conducted a t-test comparing it to the hypothesized
population prevalence of 2.5% [25, 26, 33].

Binary logistic regression analysis was conducted to
model the association of PTEs with probable PTSD as
response variable. We assessed the linearity assumption
and checked for separation, collinearity, and outliers (no
issues were found).

We used STATA v17 for all statistical analyses.

Results

Sample characteristics

All participants had experienced MI, but this did not
necessarily imply they all found it traumatic: Seven par-
ticipants reported no traumatic event, but most reported
multiple PTEs (M=2.6, SD=2.2; Range 0 to 10). We
observed that 60 (76.9%) participants reported MI as a
traumatic event, but it was the primary traumatic event
of only 22 (27.8%). Table 1 shows the sample character-
istics stratified by the two sample groups. The main dif-
ferences between the Tromsg7 and the hospital (UNN)
samples was that the Tromse7 participants were pre-
screened on self-reported clinically significant symptoms
in 2015/16, while the UNN sample was recruited from all
patients. In the Tromse7 sample, an average of 10.7 years
had passed since the first MI, while for the UNN sample,
their last MI was only one year previously. We observed
that 11 (68.8%) participants reported MI as a traumatic
event. We found no significant differences between the
two samples except that the UNN sample reported more
PTEs in the “Other” category.

Categories of traumatic events and symptom severity

Table 2 shows the different categories of traumatic
events and symptom severity (PCL-5). Despite the high
prevalence of heart disease patients reporting an illness
trauma, we found no direct association between illness
trauma and symptom levels (p=0.123). Physical violence
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Table 1 Sample characteristics for participants from the Tromsg Study and the University Hospital of North Norway
TS sample UNN sample Full sample P-value

Categories of PTE (Obs/%)?

Life-threatening disease No 13 21.0% 5 31.25% 18 23.08% 0.384
Yes 49 79.0% 1M 68.75% 60 76.92%

Physical violence No 36 58.1% 10 62.50% 46 58.97% 0.748
Yes 26 41.9% 6 37.50% 32 41.03%

Psychological violence No 44 71.0% 11 68.75% 55 70.51% 0.862
Yes 18 29.0% 5 31.25% 23 2949%

Accidents No 37 59.7% 8 50.00% 45 57.69% 0485
Yes 25 40.3% 8 50.00% 33 4231%

Sexual abuse or rape No 52 83.9% 14 87.50% 66 84.62% 0.720
Yes 10 16.1% 2 12.50% 12 15.38%

Other No 50 84.7% 9 56.25% 59 78.67% 0.014
Yes 9 15.3% 7 43.75% 16 21.33%

Potential traumatic events 2.65 (2.20) 294 (2.49) 271 (2.25) 0.633

(SLESQ: Mean/SD)®

Symptom score 14.16 (13.89) 10.9 (9.99) 135 (13.2) 0.280

(PCL-5: Mean/SD)¢

Note: SD Standard deviation, PTE Potential traumatic event(s), SLESQ Stressful Life Events Screening Questionnaire, PCL-5 PTSD checklist for DSM-5, TS The Tromsg

Study

@ P-values are the result of Pearson chi-square for all cross-tabulations
b One-way ANOVA: F(1)=0.23, p=0.633

€One-way ANOVA: F(1)=1.18, p=0.280

Table 2 Potential traumatic event categories versus symptom severity. The Tromsg Study 2015-16

Category Coefficient 95% confidence interval F(1) value P-value
Life-threatening illness 5472 (-1.526,12471) 243 0.123
Physical violence 9.189 (3473, 14.905) 10.25 0.002
Psychological violence 12.258 (6.316,18.200) 16.88 <0.001
Been in accident 5.879 (-0.033,11.791) 3.92 0.051
Sexual abuse or rape 14,689 (7.096, 22.283) 14.85 <0.001
Other traumatic events 7452 (0.283, 14.621) 429 0.042
(p=0.002), psychological violence (p<0.001), sexual conducted a one-way ANOVA analysis to examine the

abuse (p<0.001), and other traumatic events (p=0.042)
were the categories that had an independent association
with symptom levels.

Potential traumatic life events, symptom severity,
and probable PTSD
We found nine participants (11.6%, 95% CI: 4.3% to
18.8%) with a PCL-5 cutoff score of 31 or above, indica-
tive of probable PTSD. A one-sample t-test showed that
the prevalence of 11.6% was significantly higher than
the postulated population prevalence in Norway (Ha:
mean >0.025, t=2.48, p<0.015).

Exposure to PTE was found to be associated with
the severity of symptoms and a probable PTSD. We

relationship between PTEs and symptom severity, as
measured by PCL-5. Our findings revealed a significant
linear trend, F(9)=3.94, p<0.001, omega sq.=0.25, indi-
cating that symptom severity increased proportionately
as the number of PTEs increased. There were 76.9% male
participants, but we found no sex differences in the num-
ber of reported PTEs (F(1)=0.90, p=0.346).

We estimated the odds ratio for probable PTSD with
exposure to potentially traumatic events. The regression
model revealed that the likelihood of probable PTSD
increased by 76% (odds ratio 1.76, 95% CI: 1.26-2.47) for
every one-unit increase in PTE (N=78, Likelihood Ratio
chi?=14.15, p<0.001). Furthermore, as shown in Fig. 1,
the splines suggest that three or more PTEs was the point
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Symptom severity
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Fig. 1 Spline model showing the association between the number of traumas and symptom severity in the Tromse Study 2015-16

at which the probability of developing PTSD significantly
increased.

Discussion

In this cross-sectional study of patients with myocardial
infarction we studied the prevalence of potential trau-
matic events and PTSD, and found a clear correlation
between the number of potentially traumatic events and
the severity of symptoms. Nevertheless, we did not find a
direct relationship between MI as an illness trauma and
symptom levels. We identified that nine individuals were

likely to have PTSD, which is significantly higher than
the prevalence in the general population. However, after
expanding our results to encompass the entire popula-
tion of MI, we assessed the prevalence rate as 3.3% (Cf.
supplementary file). Other studies have shown that the
prevalence of PTSD in survivors of out-of-hospital car-
diac arrest is around 12% (range 0%-38%), while the esti-
mated occurrence of PTSD in this study is comparable to
that of the general population in Norway [25, 26, 33].
There could be a number of reasons for this. Our
analysis mainly centered on people exhibiting distinct
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symptoms, which means our estimation is conservative.
The frequency of non-illness trauma should also be con-
sidered as a potential explanation for the prevalence rate.
The participants were screened on average 10.6 years
after their first MI, raising the possibility of remission
during this period. This could be due to natural recov-
ery, receiving correct treatment or support during that
period. Other studies have observed that the prevalence
of PTSD induced by MI tends to decrease within the first
few years after the onset of the condition [34-38]. How-
ever, it is essential to note that some individuals may
continue to experience post-traumatic symptoms for a
prolonged period, despite the possibility of remission
(Ibid.). One study revealed that about one-third of the
participants still had PTSD up to two years after their MI
episode [39], and a few studies indicate that symptoms
worsened over time [40, 41].

Our findings indicate that while many participants
experienced a traumatic event related to illness, only
35.5% of them identified MI as their primary trauma. Ill-
ness trauma was not directly related to PTSD symptom
severity, whereas other forms of trauma and life-time
exposure to PTE showed an independent association.
This suggests that the mental health issues reported may
be due to non-illness trauma. It is possible that other
traumatic life events could lead to PTSD, which in turn
increases the risk of cardiovascular disease. Additionally,
research has shown that PTSD is a common psychologi-
cal effect of heart disease events, which can worsen the
patient’s prognosis. Therefore, it is important to regularly
screen and monitor patients experiencing mental health
issues.

Clinical significance

Our study aimed to explore the intricate relationship
between traumatic illness, the aftermath of a myocardial
infarction (MI), and the development of post-traumatic
stress disorder (PTSD). We acknowledge that this rela-
tionship can be complex, particularly when considering
the role of non-illness traumas.

It is worth noting that there was no clear link between
illness trauma and symptom levels, while other types of
trauma did show a distinct association. This suggests that
the mental health issues reported by this group may not
solely be caused by illness trauma, but by other under-
lying factors. The data thus indicate that health person-
nel should inquire whether patients have experienced
traumatic life events before their MI, rather than merely
focusing on the MI event.

It is essential to screen and monitor patients with ongo-
ing mental health issues. Early screening and targeted
treatment can help prevent adverse effects on physical
health outcomes [42]. Patients should, as a minimum,
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be informed about normal mental reactions due to trau-
matic life events and how they can care for their mental
health after such experiences.

Strengths and limitations

Sample characteristics are the primary threat to the
external validity of the survey approach. The UNN
sample was interviewed without prior knowledge of
their mental health status and closer to the event than
Tromsg7. However, the differences in sample characteris-
tics were mostly non-significant. Upon separate analysis,
we found a consistent association between PTEs, symp-
tom severity, and probable PTSD.

The clinical assessment had high attendance rates, and
the Tromso Study is representative of the general popula-
tion [30]. However, our sample from the Tromse Study
was limited, as we only included individuals with higher
scores on the Hopkins Symptom Checklist-10. The num-
ber of eligible participants was therefore low and the high
prevalence could be due to the sampling strategy, which
included participants pre-screened for mental health
symptoms. In Tromse7, there were 818 MI patients,
208 of whom reported significant symptoms of anxiety
or depression. Of the 140 patients still alive and invited,
62 participated in the study. Among them, we found an
11.6% prevalence of probable PTSD. However, based on
this data, we cannot draw any conclusion on the popula-
tion prevalence.

A ten-year gap may include new illnesses and other life
events that are not reported, which could be a plausible
reason why MI and illness trauma were unrelated. Fur-
ther, the UNN sample was not pre-screened for mental
health symptoms and was closer to the MI event. We
found no significant differences between the two samples
except that the UNN sample reported more PTEs in the
“Other” category.

DSM-5 is the first manual to include life-threatening
diseases such as PTEs that could lead to PTSD, while
ICD-10 uses more general terms such as “exception-
ally threatening or catastrophic situation”. Using DSM-5
may make our results less comparable to previous studies
using other diagnostic tools, but it allowed us to investi-
gate MI specifically as a PTE.

The cross-sectional design was a limitation as we did
not examine clinical change relative to the MI event.
Future research should include a structured diagnos-
tic interview, including all eligible patients, and treat-
ment outcome research to address these limitations and
develop the initial findings.

The statistical conclusion validity is limited. The
estimated statistical power of an association of illness
trauma and symptom levels was 0.137 at an alpha of
5%. It is therefore impossible to conclude that there was
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no connection. The estimated power of the number of
PTEs and symptom levels was excellent (0.997).

Conclusion

A likely PTSD diagnosis correlated with the number of
potentially traumatic events but not directly with previ-
ous experience of a life-threatening disease. There was
no evidence that PTSD is a typical comorbid condition
of MI, although PTSD is likely in patients who report
mental distress after MI. Further research is needed to
explain why PTSD occurs more frequently among heart
disease patients.
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SLESQ Stressful Life Events Screening Questionnaire
UNN University Hospital of North Norway
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