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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 Tromsø 
Study with a confirmed diagnosis of myocardial infarction. We sent invitations to participants in the Tromsø 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 MI could be secondary 
symptoms of PTSD.

Keywords Post‑traumatic stress disorder (PTSD), Myocardial infarction, Mental health, Mental trauma, Stressful life 
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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].

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 Tromsø 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 Tromsø Study who were 
diagnosed with MI. The Tromsø Study is a prospective 
cohort study consisting of seven repeated population 
health surveys. They are referred to as Tromsø1-7 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 Tromsø population, with 
the invitation of whole birth cohorts and random sam-
ples [30]. The Tromsø 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 Tromsø Study 
participants (Tromsø7) 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 Tromsø7 
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 Tromsø 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 0 (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 

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 Tromsø7 and the hospital (UNN) 
samples was that the Tromsø7 participants were pre-
screened on self-reported clinically significant symptoms 
in 2015/16, while the UNN sample was recruited from all 
patients. In the Tromsø7 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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(p = 0.002), psychological violence (p < 0.001), sexual 
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 

conducted a one-way ANOVA analysis to examine the 
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 
 chi2 = 14.15, p < 0.001). Furthermore, as shown in Fig.  1, 
the splines suggest that three or more PTEs was the point 

Table 1 Sample characteristics for participants from the Tromsø Study and the University Hospital of North Norway

Note: SD Standard deviation, PTE Potential traumatic event(s), SLESQ Stressful Life Events Screening Questionnaire, PCL-5 PTSD checklist for DSM-5, TS The Tromsø 
Study
a P-values are the result of Pearson chi-square for all cross-tabulations
b One-way ANOVA: F(1) = 0.23, p = 0.633
c One-way ANOVA: F(1) = 1.18, p = 0.280

TS sample UNN sample Full sample P-value

Categories of PTE (Obs/%)a

Life-threatening disease No 13 21.0% 5 31.25% 18 23.08% 0.384

Yes 49 79.0% 11 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 29.49%

Accidents No 37 59.7% 8 50.00% 45 57.69% 0.485

Yes 25 40.3% 8 50.00% 33 42.31%

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
(SLESQ: Mean/SD)b

2.65 (2.20) 2.94 (2.49) 2.71 (2.25) 0.633

Symptom score
(PCL-5: Mean/SD)c

14.16 (13.89) 10.9 (9.99) 13.5 (13.2) 0.280

Table 2 Potential traumatic event categories versus symptom severity. The Tromsø Study 2015–16

Category Coefficient 95% confidence interval F(1) value P-value

Life‑threatening illness 5.472 (‑1.526, 12.471) 2.43 0.123

Physical violence 9.189 (3.473, 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 7.452 (0.283, 14.621) 4.29 0.042
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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, 

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 
Tromsø7. 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 Tromsø Study is representative of the general popula-
tion [30]. However, our sample from the Tromsø 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 Tromsø7, 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.

Abbreviations
CVD  Cardiovascular disease
HSCL‑10  Hopkins Symptom Checklist score
MI  Myocardial infarction
PCL‑5  The PTSD checklist for DSM‑5
PTE  Potential Traumatic Event
PTSD  Post‑traumatic stress disorder
SLESQ  Stressful Life Events Screening Questionnaire
UNN  University Hospital of North Norway

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12888‑ 023‑ 05431‑2.

Additional file 1. 

Acknowledgements
We would like to thank Camilla Breivik, Svein Bergvik, Jane Katrine Kjøterøe, 
Kristine Maria With, and Ida Eline Aasebøstøl for performing the clinical assess‑
ments and collecting data.

Authors’ contributions
Author contribution statement: All authors had full access to the data in the 
study and took responsibility for the integrity of the data and the accuracy 
of the data analysis. Study concept and design: Lorem, Schirmer, and Næss. 
Acquisition, analysis or interpretation of data: Lorem, Lillevoll, Schirmer. 
Statistical analysis: Lorem. Drafting of the manuscript: Lorem. Critical revision 
of the manuscript for important intellectual content: Lorem, Løchen, Lillevoll, 
Molund, Rösner, Lindkvist, Schirmer. Administrative, technical or material sup‑
port: The Tromsø Study of UiT The Arctic University of Norway provided the 
data and sent out invitations.

Funding
Open access funding provided by UiT The Arctic University of Norway (incl 
University Hospital of North Norway) UiT The Arctic University of Norway 
funded the study. The study sponsor had no role in the design and implemen‑
tation of the study, the collection, management, analysis, and interpretation 
of the data, the preparation, review, or approval of the manuscript, or the 
decision to submit the manuscript for publication.

Availability of data and materials
Data from the Tromsø Study is available for researchers who meet the criteria 
for access to confidential data (https:// en. uit. no/ prosj ekter/ prosj ekt?p_ docum 
ent_ id= 80172). Readers may also contact Professor Sameline Grimsgaard, 
sameline.grimsgaard@uit.no, to request the data or receive confirmation that 
data will be available to all interested researchers upon request. http:// troms 
ounde rsoke lsen. uit. no/ webvi ew/

Declarations

Ethics approval and consent to participate
The Regional Committee for Medical and Health Research Ethics and the 
Norwegian Centre for Research Data have approved the Tromsø Study and 
this project (Case number 199331). The study followed relevant guidelines and 
regulations (i.e., the Helsinki Declaration, Vancouver Convention, and Norwe‑
gian legislation). We obtained informed consent from all participants.

Consent for publication
Not applicable.

Competing interests
Maja‑Lisa Løchen has received lecture fees from Bayer, Sanofi and BMS/Pfizer 
unrelated to this research. Henrik Schirmer has received lecture fees from 
Novartis and Amgen and an ongoing research collaboration with Novartis 
unrelated to this research. The other authors declare no financial or non‑
financial competing interests.

Author details
1 Department of Psychology, Faculty of Health Sciences, UiT The Arctic Univer‑
sity of Norway, Tromsø, Norway. 2 Department of Internal Medicine, University 
Hospital of North Norway, Tromsø, Norway. 3 Department of Cardiology, Uni‑
versity Hospital of North Norway, Tromsø, Norway. 4 Department of Cardiology, 
Akershus University Hospital, Nordbyhagen, Norway. 5 Department of Clini‑
cal Medicine, Campus Ahus, University of Oslo, Oslo, Norway. 6 Department 
of Medicine, Finnmark Hospital Trust, Hammerfest, Norway. 7 Department 
of Clinical Medicine, UiT The Arctic University of Norway, Tromsø, Norway. 

Received: 8 February 2023   Accepted: 2 December 2023

References
 1. Kjærgaard M, Wang CE, Waterloo K, Jorde R. A study of the psychometric 

properties of the Beck depression inventory‑II, the Montgomery and 
Åsberg depression rating scale, and the hospital anxiety and depres‑
sion scale in a sample from a healthy population. Scand J Psychol. 
2014;55(1):83–9.

 2. Baumgartner C, Fan D, Fang MC, Singer DE, Witt DM, Schmelzer JR, et al. 
Anxiety, depression, and adverse clinical outcomes in patients with atrial 
fibrillation starting warfarin: cardiovascular research network WAVE study. 
J Am Heart Assoc. 2018;7(8):e007814.

 3. Williams LS, Ghose SS, Swindle RW. Depression and other mental health 
diagnoses increase mortality risk after ischemic stroke. Am J Psychiatry. 
2004;161(6):1090–5.

 4. Ai AL, Rollman BL, Berger CS. Comorbid mental health symptoms and 
heart diseases: can health care and mental health care professionals 
collaboratively improve the assessment and management? Health Soc 
Work. 2010;35(1):27–38.

 5. Berg SK, Rasmussen TB, Thrysoee L, Lauberg A, Borregaard B, Christensen 
AV, et al. DenHeart: differences in physical and mental health across 
cardiac diagnoses at hospital discharge. J Psychosom Res. 2017;94:1–9.

 6. Pedersen SS, von Känel R, Tully PJ, Denollet J. Psychosocial perspectives in 
cardiovascular disease. Eur J Prev Cardiol. 2017;24(3):108–15.

 7. Piane GM, Smith TC. Building an evidence base for the co‑occurrence of 
chronic disease and psychiatric distress and impairment. Prev Chronic 
Dis. 2014;11:E188.

 8. Pogosova N, Saner H, Pedersen SS, Cupples ME, Mcgee H, Hofer S, et al. 
Psychosocial aspects in cardiac rehabilitation: From theory to practice. A 
position paper from the Cardiac Rehabilitation Section of the European 
Association of Cardiovascular Prevention and Rehabilitation of the Euro‑
pean Society of Cardiology. Eur J Prev Cardiol. 2015;22(10):1290–306.

 9. Salzwedel A, Nosper M, Rohrig B, Linck‑Eleftheriadis S, Strandt G, Vol‑
ler H. Outcome quality of in‑patient cardiac rehabilitation in elderly 
patients–identification of relevant parameters. Eur J Prev Cardiol. 
2014;21(2):172–80.

 10. Thomas SP. Men’s health and psychosocial issues affecting men. Nurs Clin 
North Am. 2004;39(2):259–70.

https://doi.org/10.1186/s12888-023-05431-2
https://doi.org/10.1186/s12888-023-05431-2
https://en.uit.no/prosjekter/prosjekt?p_document_id=80172
https://en.uit.no/prosjekter/prosjekt?p_document_id=80172
http://tromsoundersokelsen.uit.no/webview/
http://tromsoundersokelsen.uit.no/webview/


Page 8 of 8Lorem et al. BMC Psychiatry          (2023) 23:936 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 11. Younge JO, Gotink RA, Baena CP, Roos‑Hesselink JW, Hunink MG. Mind‑
body practices for patients with cardiac disease: a systematic review and 
meta‑analysis. Eur J Prev Cardiol. 2015;22(11):1385–98.

 12. Lorem GF, Opdal IM, Wilsgaard T, Schirmer H, Løchen M‑L, Olsen IP, et al. 
Assessment of mental health trajectories before and after myocardial 
infarction, atrial fibrillation or stroke: analysis of a cohort study in Tromsø, 
Norway (Tromsø study, 1994–2016). BMJ Open. 2022;12(4):e052948.

 13. Kringlen E, Torgersen S, Cramer V. A Norwegian psychiatric epidemiologi‑
cal study. Am J Psychiatry. 2001;158(7):1091–8.

 14. Spindler H, Pedersen SS. Posttraumatic stress disorder in the wake of 
heart disease: prevalence, risk factors, and future research directions. 
Psychosom Med. 2005;67(5):715–23.

 15. Edmondson D, von Känel R. Post‑traumatic stress disorder and cardiovas‑
cular disease. Lancet Psychiatry. 2017;4(4):320–9.

 16. Krantz DS, Shank LM, Goodie JL. Post‑traumatic stress disorder (PTSD) as 
a systemic disorder: pathways to cardiovascular disease. Health Psychol. 
2022;41(10):651–62.

 17. Crum‑Cianflone NF, Bagnell ME, Schaller E, Boyko EJ, Smith B, Maynard C, 
et al. Impact of combat deployment and posttraumatic stress disorder 
on newly reported coronary heart disease among US active duty and 
reserve forces. Circulation. 2014;129(18):1813–20.

 18. Gilbert LK, Breiding MJ, Merrick MT, Thompson WW, Ford DC, Dhingra 
SS, et al. Childhood adversity and adult chronic disease: an update 
from ten states and the District of Columbia, 2010. Am J Prev Med. 
2015;48(3):345–9.

 19. Edmondson D, Cohen BE. Posttraumatic stress disorder and cardiovascu‑
lar disease. Prog Cardiovasc Dis. 2013;55(6):548–56.

 20. Wentworth BA, Stein MB, Redwine LS, Xue Y, Taub PR, Clopton P, et al. 
Post‑traumatic stress disorder: a fast track to premature cardiovascular 
disease? Cardiol Rev. 2013;21(1):16–22.

 21. DSM‑5 APA. Diagnostic and statistical manual of mental disorders (DSM‑
5®): American Psychiatric Pub; 2013.

 22. Blevins CA, Weathers FW, Davis MT, Witte TK, Domino JL. The posttrau‑
matic stress disorder checklist for DSM‑5 (PCL‑5): development and initial 
psychometric evaluation. J Trauma Stress. 2015;28(6):489–98.

 23. Carmassi C, Cordone A, Pedrinelli V, Dell’Osso L. PTSD and cardiovas‑
cular disease: a bidirectional relationship. Brain Heart Dynam. 2020; 
26(2):355–76.

 24. Weathers FW, Litz BT, Keane TM, Palmieri PA, Marx BP, Schnurr PP. The ptsd 
checklist for dsm‑5 (pcl‑5). Scale available from the National Center for 
PTSD at www. ptsd. va. gov. 2013;10.

 25. Amstadter AB, Aggen SH, Knudsen GP, Reichborn‑Kjennerud T, Kendler 
KS. Potentially traumatic event exposure, posttraumatic stress disorder, 
and Axis I and II comorbidity in a population‑based study of Norwegian 
young adults. Soc Psychiatry Psychiatr Epidemiol. 2013;48(2):215–23.

 26. Kessler RC, Sonnega A, Bromet E, Hughes M, Nelson CB. Posttraumatic 
stress disorder in the National Comorbidity Survey. Arch Gen Psychiatry. 
1995;52(12):1048–60.

 27. Pedersen SS, Middel B, Larsen ML. Posttraumatic stress disorder in first‑
time myocardial infarction patients. Heart Lung. 2003;32(5):300–7.

 28. Viktorisson A, Sunnerhagen KS, Pöder U, Herlitz J, Axelsson ÅB. Well‑being 
among survivors of out‑of‑hospital cardiac arrest: a cross‑sectional retro‑
spective study in Sweden. BMJ Open. 2018;8(6):e021729.

 29. Vilchinsky N, Ginzburg K, Fait K, Foa EB. Cardiac‑disease‑induced PTSD 
(CDI‑PTSD): a systematic review. Clin Psychol Rev. 2017;55:92–106.

 30. Jacobsen BK, Eggen AE, Mathiesen EB, Wilsgaard T, Njølstad I. Cohort 
profile: The Tromsø Study. Int J Epidemiol. 2012;41(4):961–7.

 31. Mannsverk J. Trends in modifiable risk factors are associated with declin‑
ing incidence of hospitalized and nonhospitalized acute coronary heart 
disease in a population. Circulation. 2016;133(1):74–81.

 32. Goodman LA, Corcoran C, Turner K, Yuan N, Green BL. Assessing traumatic 
event exposure: general issues and preliminary findings for the stressful 
life events screening questionnaire. J Traumat Stress. 1998;11(3):521–42.

 33. Yehuda R. Post‑traumatic stress disorder. N Engl J Med. 
2002;346(2):108–14.

 34. Jacquet‑Smailovic M, Tarquinio C, Alla F, Denis I, Kirche A, Tarquinio C, 
et al. Posttraumatic stress disorder following myocardial infarction: a 
systematic review. J Trauma Stress. 2021;34(1):190–9.

 35. Castilla C, Vázquez C. Stress‑related symptoms and positive emotions 
after a myocardial infarction: a longitudinal analysis. Eur J Psychotrauma‑
tol. 2011;2(1):8082.

 36. Ginzburg K, Ein‑Dor T. Posttraumatic stress syndromes and health‑related 
quality of life following myocardial infarction: 8‑year follow‑up. Gen Hosp 
Psychiatry. 2011;33(6):565–71.

 37. Hari R, Begré S, Schmid J‑P, Saner H, Gander M‑L, von Känel R. Change 
over time in posttraumatic stress caused by myocardial infarction and 
predicting variables. J Psychosom Res. 2010;69(2):143–50.

 38. Viktorisson A, Sunnerhagen KS, Johansson D, Herlitz J, Axelsson Å. 
One‑year longitudinal study of psychological distress and self‑assessed 
health in survivors of out‑of‑hospital cardiac arrest. BMJ Open. 
2019;9(7):e029756.

 39. Abbas CC, Schmid J‑P, Guler E, Wiedemar L, Begré S, Saner H, et al. Trajec‑
tory of posttraumatic stress disorder caused by myocardial infarction: a 
two‑year follow‑up study. Int J Psychiatry Med. 2009;39(4):359–76.

 40. Ahmadi N, Hajsadeghi F, Nabavi V, Olango G, Molla M, Budoff M, et al. 
The long‑term clinical outcome of posttraumatic stress disorder with 
impaired coronary distensibility. Psychosom Med. 2018;80(3):294–300.

 41. Rosson S, Monaco F, Miola A, Cascino G, Stubbs B, Correll CU, et al. Lon‑
gitudinal course of depressive, anxiety, and posttraumatic stress disorder 
symptoms after heart surgery: a meta‑analysis of 94 studies. Psychosom 
Med. 2021;83(1):85–93.

 42. Dollenberg A, Moeller S, Lücke C, Wang R, Lam AP, Philipsen A, et al. Prev‑
alence and influencing factors of chronic post‑traumatic stress disorder 
in patients with myocardial infarction, transient ischemic attack (TIA) and 
stroke ‑ an exploratory, descriptive study. BMC Psychiatry. 2021;21(1):295.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://www.ptsd.va.gov

	Post-traumatic stress disorder among heart disease patients: a clinical follow-up of individuals with myocardial infarction in the Tromsø Study
	Abstract 
	Background 
	Method 
	Results 
	Conclusion 

	Introduction
	Method
	Sample and design
	Measurements

	Statistical analysis

	Results
	Sample characteristics
	Categories of traumatic events and symptom severity
	Potential traumatic life events, symptom severity, and probable PTSD

	Discussion
	Clinical significance
	Strengths and limitations
	Conclusion
	Anchor 20
	Acknowledgements
	References


