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Association Between Changes in Post-hospital Cardiac Symptoms and Changes in Acute Coronary Syndrome-Induced Symptoms of Post-traumatic Stress
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Background: After acute coronary syndrome (ACS), one in eight patients develops clinically significant symptoms of Post-traumatic stress disorder (PTSD). We hypothesized that changes in cardiac symptoms from 3 to 12 months after ACS are associated with changes in ACS-induced PTSD symptoms.

Methods: At 3 (n = 154) and/or 12 months (n = 106) post-ACS, patients (n = 156, mean age 59 years, 85% men) completed a clinical interview assessing chest tightness/pain (at rest and/or during exertion), heartbeat symptoms (heart palpitations, racing of heart, heart stumbling or skipping a beat) and PTSD symptoms during the prior 4 weeks. Random mixed regression models examined the association between the onset (or remission) from 3 to 12 months in cardiac symptoms with changes in PTSD symptoms, adjusting for a range of potential predictors of ACS-induced PTSD symptoms.

Results: The onset of chest tightness/pain [estimate = 0.588, 95% confidence interval: 0.275, 0.090; p < 0.001] and of heartbeat symptoms [0.548 (0.165, 0.931); p = 0.005] from 3 to 12 months was independently associated with an increase in total PTSD symptoms. There were also independent associations between the onset of chest tightness/pain and heartbeat symptoms with an increase in PTSD symptom clusters. Specifically, the onset of chest tightness/pain showed associations with an increase in re-experiencing [0.450 (0.167, 0.733); p = 0.027] and avoidance/numbing [0.287 (0.001, 0.574); p = 0.049]. The onset of heartbeat symptoms showed associations with an increase in re-experiencing [0.392 (0.045, 0.739); p = 0.002], avoidance/numbing [0.513 (0.161, 0.864); p = 0.004] and hyperarousal [0.355 (0.051, 0.659); p = 0.022]. An increase in the total number of cardiac symptoms (score range 0–6) was also associated with an increase in total PTSD symptoms [0.343 (0.202, 0.484); p < 0.001]. Psychotherapy in the post-hospital period moderated the association between the change in heartbeat symptoms and the change in total PTSD symptoms [−0.813 (−1.553, −0.074); p = 0.031 for interaction]; the association between the onset of heart beat symptoms and an increase in total PTSD symptoms was weaker in patients who attended psychotherapy [0.437 (−0.178, 1.052); p = 0.16] than in those who did not [0.825 (0.341, 1.309); p < 0.001].

Conclusion: Changes in cardiac symptoms between 3 and 12 months after hospitalization are associated with changes in ACS-induced PTSD symptoms. ClinicalTrials.gov #NCT01781247.
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INTRODUCTION

Post-traumatic stress disorder (PTSD) is a debilitating mental disorder, which can be induced by serious medical conditions that are accompanied by threatened death and physical integrity (1). In the wake of acute coronary syndrome (ACS), about 12% of patients develop clinically significant PTSD symptoms (2). Typical PTSD symptoms include re-experiencing aspects of ACS in thoughts or dreams along with physical reactions, avoiding reminders of ACS, such as places where the event occurred, and hyperarousal, including startle reactions (3). Even with subclinical expressions of ACS-induced PTSD symptoms, there is an increased risk of recurrent cardiovascular events and mortality (2), which may be higher for the re-experiencing symptom cluster than for the other symptom clusters (4). The increased cardiovascular risk may partially be explained by patients avoiding medication and physical activity to reduce traumatic reminders of the cardiac event (5, 6). Unfortunately, there is currently insufficient evidence from randomized controlled trials that early interventions to prevent the development of PTSD after medical events are effective (7). Specifically, in the Myocardial Infarction-Stress Prevention Intervention (MI-SPRINT) randomized controlled trial, we found that one single session of trauma-focused counseling applied within 48 h of hospital admission was not more effective than stress-focused counseling in preventing the development of clinician rated ACS-induced PTSD symptoms at 3 and 12 months (8, 9). Therefore, to improve patients' quality of life and prognosis with targeted early interventions, it is critical to understand the mechanisms contributing to ACS-related PTSD symptoms (7).

In patients with ACS, cardiac symptoms are one potential proximal target to improve medical outcomes and quality of life in general and to reduce PTSD symptom development in particular. Somatic symptoms that occur and persist after traumatic experiences with physical injury or as physical stress reactions are increasingly recognized as a potentially important clinical entity contributing to PTSD symptoms. For instance, early somatic pain and other symptoms, including palpitations, predicted PTSD symptoms in survivors of a terrorist shooting (10), and somatic symptoms, including shortness of breath, predicted overall PTSD symptoms 6 months after an earthquake (11). In patients with ACS, recurrence of cardiac symptoms, chiefly chest pain, in the post-hospital period predicted PTSD symptoms at 12 months, as somatic symptoms could act as vivid reminders of the event (12). As internal somatic cues, chest tightness/pain and the heart beating irregularly may represent ongoing somatic threat contributing to PTSD symptoms (13, 14). This may particularly be the case if patients have high peritraumatic threat perceptions in the form of fear of dying and feelings of helplessness during ACS (14). Elevated levels of threat perceptions are reported by 20–25% of patients evaluated for ACS (15, 16) and are predictive of PTSD symptoms (17, 18) and recurrent cardiovascular events (19). The enduring somatic threat model of PTSD integrates these and other research findings and posits that the underlying fear of mortality perpetuates PTSD symptoms due to both discrete/external and ongoing/somatic events after a life-threatening medical event (13). Additional support for this model is provided by a recent prospective study in patients with an acute cerebrovascular event in which stroke symptom severity (i.e., internal somatic reminders of the event) measured before hospital discharge was associated with PTSD symptoms 1 month later (20).

Based on this literature, we aimed to elucidate the association between changes in cardiac symptoms in the post-hospital period with changes in ACS-induced PTSD symptoms using data collected in the MI-SPRINT study mentioned above (8, 9, 21). We specifically hypothesized that the onset from 3 to 12 months in chest tightness/pain and heartbeat symptoms would be associated with an increase in total ACS-induced PTSD symptoms, independent of a number of known predictors of ACS-induced PTSD symptoms (22). We also explored these longitudinal associations for the three PTSD symptom clusters re-experiencing, avoidance/numbing, and hyperarousal, because they may be differently related to cardiovascular risk (4). Moreover, we examined whether greater peritraumatic threat perceptions, use of cardiac rehabilitation or psychotherapy, and the intervention condition in the MI-SPRINT trial, potentially moderated the association of the within-person change in cardiac symptoms with the change in total PTSD symptoms from 3 to 12 months. The rationale for these exploratory analyses was as follows. Patients with greater peritraumatic threat perceptions might perceive cardiac symptoms as more threatening after hospitalization, which could contribute to an increase in PTSD symptoms. In contrast, patients engaging in cardiac rehabilitation or psychotherapy or those receiving trauma-focused counseling might gain more knowledge and confidence in dealing with cardiac symptoms. This would potentially reduce the magnitude and valence of symptom threat, leading to fewer PTSD symptoms.



METHODS


Study Design and Participants

For this study, we analyzed data of all 156 participants in the Myocardial Infarction-Stress Prevention Intervention (MI-SPRINT) randomized controlled trial who underwent a clinical interview to assess ACS-induced PTSD symptoms 3 and/or 12 months after ACS (8, 9). The MI-SPRINT trial was a single-center study conducted at a university hospital in Switzerland. The trial's primary aim was to test whether one single session intervention of trauma-focused counseling, delivered within 48 h of hospital admission, prevents the development of interviewer-rated ACS-induced PTSD symptoms compared with stress-focused counseling (active control intervention) at 3 months (21). In brief, trauma-focused counseling applied an educational approach, targeting individual patients' resources and cognitive (re)structuring to prevent any MI-induced traumatic reactions that might occur in the weeks to come. Stress-focused counseling comprised information about the general role of psychosocial stress in cardiac disease, but any trauma-related terminology was strictly avoided. Both conditions were single-blinded active face-to-face interventions of equal duration (i.e., 45 min) and attention, delivered at the bedside in coronary care unit rooms (21). Although we could not previously show a benefit for trauma-focused counseling when compared with stress-focused counseling (8, 9), we included the intervention condition as a covariate in the current study.

Consecutive patients were included in the MI-SPRINT trial if they were 18 years or older, had a verified ACS, either acute ST segment elevation MI (STEMI) or non-STEMI, stable circulatory conditions, and a high level of distress during ACS, including peritraumatic threat perceptions. The latter was defined by a score of at least 5 for pain intensity plus at least 5 for fear of dying and/or feelings of helplessness on numeric rating scales ranging from 0 to 10. We excluded patients who received emergency cardiac surgery, those with severe comorbid diseases, limited orientation, cognitive impairment, current severe depression based on the cardiologist's clinical judgement, suicidal ideations in the last 2 weeks, insufficient knowledge of German to comprehend study instructions, and those participating in another trial.

Based on a power analysis detailed elsewhere (21), the MI-SPRINT trial had a target simple size of n = 388, which could not be achieved, primarily because of the large number of patients who were discharged before they could be approached by study staff (8). Between 2/2013 and 9/2015, 190 patients were enrolled, of whom 97 (51.1%) were randomized to trauma-focused counseling and 93 (48.9%) to stress-focused counseling. Of the 156 patients who completed the study, 104 provided data at both assessments, 50 at 3 months only, and 2 at 12 months only. The 156 completers of the study were on average 5.2 years younger than the 34 non-completers (p = 0.014), but there were no significant group differences in the other baseline characteristics. Attrition was similar in the two intervention groups leaving slightly more patients in the trauma-focused counseling group at 3 months (80 vs. 74) and 12 months (59 vs. 47). Recruitment, reasons for dropouts (the main reason being lack of institutional funding to conduct the 12-month follow-up in 50 participants), and the content of the intervention have been described elsewhere (8, 9). The ethics committee of the State of Bern, Switzerland, approved the study protocol, which was registered under ClinicalTrials.gov (NCT01781247). All participants provided written informed consent.



Measures
 
Timing of Data Collection

At hospital admission, research assistants obtained measures from patient files and through a structured medical history. At 3 and 12 months, patients were invited for a clinical interview to assess PTSD symptoms and to self-rate depressive symptoms. A structured medical history was performed at 3 and 12 months to assess health behaviors, therapeutic interventions, and medical events that had occurred between hospital discharge and 3 months and between 3 and 12 months after ACS. Cardiac symptoms that had occurred in the previous 4 weeks were also assessed at 3 and 12 months.



Symptoms of Post-traumatic Stress Disorder

We used the validated German version of the Clinician-Administered PTSD Scale (CAPS) with reference to Diagnostic and Statistical Manual for Mental Disorders (DSM)-IV criteria (23) to assess ACS-induced PTSD symptoms at 3 and 12 months. Symptom items were anchored to the MI that had led to the index acute hospitalization as the traumatic event. An interviewer rated the frequency and intensity of each of the 17 PTSD symptoms in the prior month, using a 5-point (0–4) Likert-type rating scale. Frequency (0 = “never,” 1 = “once or twice,” 2 = “once or twice a week,” 3 = “several times a week,” 4 = “daily or almost every day”) and intensity (0 = “none,” 1 = “mild,” 2 = “moderate,” 3 = “severe,” 4 = “extreme”) ratings are summed for each symptom to yield a severity score ranging from 0 to 8. Accordingly, the total PTSD symptom severity score ranges from 0 to 136. The re-experiencing cluster includes 5 symptoms, the avoidance/numbing cluster 7 symptoms and the hyperarousal cluster 5 symptoms. Accordingly, severity scores range from 0 to 40 for re-experiencing symptoms and hyperarousal symptoms and from 0 to 56 for avoidance/numbing symptoms. For the CAPS total severity score, scores ≥20 indicate clinically significant PTSD symptoms (24) and a difference of 10 points corresponds to a minimal clinically important difference (25). Cronbach's α for the CAPS total severity score was 0.79 at 3 months and 0.71 at 12 months. Respective values were 0.68 and 0.63 for re-experiencing scores, 0.66 and 0.56 for avoidance/numbing scores and 0.44 and 0.33 for hyperarousal scores.



Cardiac Symptoms

As the bulk of research on interoceptive accuracy investigates cardiac signal with tests of heartbeat detection (26), we decided to examine the effects of heartbeat symptoms and chest tightness/pain separately and to combine them only in a second step. A timeframe of 1 month has been recommended for recall of common somatic symptoms with acceptable reliability (27). Therefore, at both assessments, participants were asked if they had experienced chest tightness or chest pain in the last 4 weeks (yes/no) and to indicate if these occurred at rest and/or during physical exertion. As it can be difficult for some patients to distinguish “chest tightness” from “chest pain,” both symptoms were offered together as alternative responses for a category of subjective complaints localized to the chest area. For the assessment of a category of heartbeat symptoms, participants were asked whether they had experienced heart palpitations, racing of the heart, heart stumbling and/or the heart skipping a beat in the last 4 weeks. We coded a “yes” answer if at least one of these symptoms had occurred. Participants were also asked to answer “yes” or “no” to the occurrence of each of the four heartbeat symptoms individually. A measure of total cardiac symptom burden was calculated by summing individual cardiac symptoms present (i.e., chest tightness/pain at rest, chest tightness/pain during exertion and the 4 heartbeat symptoms; score range 0–6). Similar questions about cardiac symptoms have been used in research on enduring somatic threat in patients with ACS (14).



Time-Invariant Covariates

Time-invariant variables were assessed at hospital admission. The intervention condition was included as a covariate. Demographic variables included age and sex. MI type (i.e., STEMI or non-STEMI that had led to the index acute hospitalization), and the number of coronary vessels diseased (i.e., luminal narrowing ≥50%), were used as indices of ACS severity. Resuscitation prior to hospital arrival and/or in the hospital were lumped in one category “resuscitation.” The duration between pain/symptom onset and hospital admission was categorized (code) as <24 h (“1”), >24–48 h (“2”), >48–72 h (“3”), >72 h-7 days (“4”) and >7 days (“5”). As described under inclusion criteria, pain intensity during ACS was self-rated with a numeric scale. Peritraumatic threat perceptions was calculated as the mean of numerical ratings, each ranging from 0 to10, for fear of dying and helplessness perceived during ACS. Based on the Charlson comorbidity index, three categories were formed for low, intermediate, or high 10-year mortality risk (28). Probable PTSD cases due to traumatic experiences in the 3 months prior to the index acute hospitalization were explored with a 3-item screener (29). Depression history was assessed asking patients the question “Have you ever had a depression in your life? (yes/no).” The body mass index (BMI) was calculated based on self-reported weight and height (kg/m2).



Time-Varying Covariates

Time-varying covariates were assessed at 3 and 12 months. Depressive symptoms were self-rated with the 21-item Beck Depression Inventory (BDI) (30). Each item is scored with a value between 0 and 3, referring to the severity of the depressive symptom, resulting in a total score between 0 and 63. Patients were categorized into either current smokers or former/never smokers. Physical activity per week “that makes you sweat” was categorized as none, 1–2x or 3–7x. Based on the J-shaped association between the amount of alcohol consumed and cardiovascular risk, alcohol consumption was categorized as moderate (“0”), none (“1”) or heavy (“2”) (>21 standard drinks/week for men and >14 for women) (31). The number of emergency visits to the hospital, family physician and/or other medical specialists were asked from participants as well as if they were hospitalized due to a cardiac event or a cardiac invasive procedure (e.g., re-stenting, pacemaker implantation). Medical records were consulted to verify the information if available. Participants were also asked whether they had participated in cardiac rehabilitation and/or psychotherapy, and if so, to what extent (i.e., the number of weeks of inpatient or outpatient cardiac rehabilitation and of psychotherapy sessions).




Statistical Analyses

Data management and analyses were conducted in SPSS 27.0 for Windows (SPSS Inc., Chicago, IL) with a significance level of p < 0.05 (2-tailed). Descriptive statistics are reported as means (M) and standard deviations (SD), median and inter-quartile range (IQR) or n (%). We used multiple imputation (k = 5) to replace missing values for time-invariant covariates. There were 3 missing values for BMI, 9 for PTSD screen and 3 for depression history. Missing values for time-varying covariates were replaced by the median of the respective assessment, which is an appropriate procedure if missing values are <5% of a sample and the data are skewed. Overall, there were 11 (4.2%) missing values for BDI scores, 1 (0.4%) for weeks of rehabilitation, and 3 (1.2%) for the number of psychotherapy sessions. One patient who had no psychotherapy in the first 3 months after ACS and who missed this information for the 3–12-month interval was classified as “no psychotherapy.” Due to a non-normal distribution, all CAPS scores (dependent variables) were square-root transformed prior to analysis. This power transformation was selected based on a comparison of the shape of the distribution for other transformations.

The Wilcoxon test and McNemar test (as appropriate) were performed to test for a difference in time-varying variables among the 104 participants who contributed data to both the 3- and 12-month assessments. Linear mixed-effects models analysis with random intercepts and restricted maximum likelihood estimation was conducted to examine the longitudinal association of chest tightness/pain and heartbeat symptoms with total PTSD symptoms and PTSD symptom clusters, adjusting for covariates. When both the dependent variable and the predictor are time-varying, the resultant parameter estimates can be interpreted as the within-person change in the dependent variable (i.e., square-root transformed CAPS scores) associated with the change in the predictor (e.g., cardiac symptoms) from 3 to 12 months. Univariable analysis was conducted to examine the individual association between each covariate and total PTSD symptoms. Fixed effects estimates are reported with 95% confidence intervals (CI). Covariates were selected a priori based on potential associations with PTSD symptoms (22) and entered as fixed effects. Intervention condition, age, sex, MI type, number of coronary vessels diseased, duration between pain onset and hospital admission, resuscitation, peritraumatic threat perceptions, pain intensity during ACS, comorbidity index, PTSD screen at admission, history of depression and BMI were entered as time-invariant covariates. Depressive symptoms, smoking status, alcohol consumption, physical activity, cardiac rehabilitation, psychotherapy, hospitalization due to recurrent cardiac events/invasive cardiac procedures, and the number of emergency visits were entered as time-varying covariates. A covariate “Time” was entered to account for a within-person change in PTSD symptoms between the two assessments. “Time” was coded as “0” for 3-month CAPS scores and “1” for 12-month CAPS scores. In the primary analysis, chest tightness/pain (yes/no) and heartbeat symptoms (yes/no) in the last 4 weeks were entered together in the model as time-varying predictor variables to estimate their association with PTSD symptoms independently of each other. Exploratory analyses using interaction terms examined effect modification of the association between changes in cardiac symptoms and changes in total PTSD symptoms from 3 to 12 months by four factors that could moderate (i.e., amplify or attenuate) cardiac symptoms. These factors were peritraumatic threat perceptions, cardiac rehabilitation and psychotherapy, including the “dosage” of the latter two, and intervention condition. Of further interest was whether a change in total cardiac symptom burden was independently associated with a change in total PTSD symptoms from 3 to 12 months.




RESULTS


Participant Characteristics

Table 1 shows the characteristics of the study participants at admission, 3 months, and 12 months after ACS. The sample was predominantly male (84.6%) and had an average age of 59 years. There were a total of 260 assessments after 3 months (n = 154) and 12 months (n = 106). In the subsample of 104 participants who completed both follow-up assessments, more patients participated in cardiac rehabilitation during the first 3 months after ACS (p < 0.001). An equal proportion attended psychotherapy during both periods (p = 1.00), but the number of psychotherapy sessions was higher in the first 3 months after ACS (p = 0.019). Recurrent cardiac events/invasive cardiac procedures requiring hospitalization occurred more often in the first 3 months after ACS (p < 0.001). Chest tightness/pain (p = 0.25) and heartbeat symptoms (p = 0.11) in the previous 4 weeks were reported equally frequently at 3 and 12 months. However, total cardiac symptom burden (i.e., the sum of all 6 cardiac symptoms present) was greater at 3 months than at 12 months (p = 0.033). At the individual symptom level, heart palpitations were the only symptom that occurred more frequently in the first 3 months (p = 0.017). Accordingly, the proportion of participants reporting no cardiac symptoms at all in the previous 4 weeks was greater at 12 months than at 3 months (p = 0.030).


Table 1. Characteristics of study participants at hospital admission and at the two assessments.

[image: Table 1]



Post-traumatic Stress Symptoms

Based on a CAPS total score ≥20, the prevalence of clinically significant ACS-induced PTSD symptoms was 18.2% (n = 28) at 3 months and 8.5% (n = 9) at 12 months. However, the median of the CAPS total score was 8 at both assessments (Table 1) with a non-significant “time” effect in linear mixed models (Table 2), indicating that continuous scores for total PTSD symptoms did not change significantly between 3 and 12 months. This was also the case for each of the three PTSD symptom clusters (Tables 1, 3) and in the subsample of the 104 patients with CAPS scores at both 3 months and 12 months (Table 1).


Table 2. Relationships with total PTSD symptoms over 12 months.

[image: Table 2]


Table 3. Multivariable relationships with PTSD symptom clusters over 12 months.
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Associations With Changes in PTSD Symptoms From 3 to 12 Months
 
Total PTSD Symptoms

Table 2 shows that several variables were significantly associated with changes in total PTSD symptoms from 3 to 12 months in the univariable analysis only. More specifically, younger age, female sex, and depression history were associated with a higher level of PTSD symptoms (at both 3 and 12 months). Moreover, an increase in the number of emergency visits from 3 to 12 months was associated with an increase in total PTSD symptoms, whereas patients who participated in cardiac rehabilitation at 3 months, but not at 12 months, showed a decrease in total PTSD symptoms. In the multivariable model, there were independent associations [estimate (95% CI)] of peritraumatic threat perceptions with a higher level of PTSD symptoms (at both 3 and 12 months) [0.163 (0.069, 0.275), p < 0.001] and of changes in depressive symptoms [0.111 (0.078, 0.144), p < 0.001], psychotherapy [0.702 (0.308, 1.096), p < 0.001], chest tightness/pain [0.588 (0.275, 0.900), p < 0.001] and heartbeat symptoms [0.548 (0.165, 0.931), p = 0.005] from 3 to 12 months with changes in total PTSD symptoms. Separate analyses predicting the untransformed CAPS score showed a 3.02-point (1.11, 4.92) and 4.35-point (2.03, 6.67) increase in the CAPS total score in patients who reported chest/tightness pain and heart rhythm problems at 12 months but not at 3 months.



PTSD Symptom Clusters

Table 3 shows the multivariable models for the three PTSD symptom clusters. With respect to changes in heartbeat symptoms, independent associations emerged with changes in re-experiencing [0.392 (0.045, 0.739), p = 0.002], avoidance/numbing [0.513 (0.161, 0.864), p = 0.004] and hyperarousal [0.355 (0.051, 0.659), p = 0.022]. Change in chest tightness/pain from 3 to 12 months was independently associated with changes in re-experiencing [0.450 (0.167, 0.733), p = 0.027] and avoidance/numbing [0.287 (0.001, 0.574), p = 0.049], but not hyperarousal. Furthermore, peritraumatic threat perceptions were significantly and independently associated with a higher level (both a 3 and 12 months) of re-experiencing [0.106 (0.021, 0.191), p = 0.015] and hyperarousal [0.079 (0.003, 0.154), p = 0.041], but not of avoidance/numbing. Changes in depressive symptoms, health behaviors, and psychotherapy from 3 to 12 months showed varying degrees of significant independent associations with changes in PTSD symptom clusters.




Additional Exploratory Analyses for Changes in Total PTSD Symptoms

First, we explored whether variables that could amplify or attenuate cardiac symptoms would moderate the association of changes in chest tightness/pain or heartbeat symptoms from 3 to 12 months with changes in total PTSD symptoms by adding interaction terms to the multivariable model. There was a significant interaction between psychotherapy and heartbeat symptoms [−0.813 (−1.553, −0.074), p = 0.031], but not between psychotherapy and chest tightness/pain (p = 0.75). In patients who attended psychotherapy, the association between the onset of heart beat symptoms from 3 to 12 months and an increase in total PTSD symptoms was weaker [0.437 (−0.178, 1.052), p = 0.16] than in those who did not attend psychotherapy [0.825 (0.341, 1.309), p < 0.001]. The “dosage” of psychotherapy did not account for this relation, as the interaction maintained significance with further adjustment for the number of psychotherapy sessions attended [−0.868 (−1.610, −0.126), p = 0.022]. No significant interactions emerged between changes in chest tightness/pain or heartbeat symptoms and peritraumatic threat perceptions (p > 0.11), cardiac rehabilitation (p > 0.85), and intervention condition (p > 0.51).

Second, we explored whether changes in total cardiac symptom burden from 3 to 12 months would show an independent association with changes in total PTSD symptoms. For this purpose, instead of chest tightness/pain (yes/no) and heartbeat symptoms (yes/no), we included the cardiac symptom score in the multivariable model, which showed a significant association [0.343 (0.202, 0.484), p < 0.001]. Separate analyses predicting the untransformed CAPS score showed a 2.32-point (1.47, 3.17) increase in the CAPS total score with each additional cardiac symptom that occurred from 3 to 12 months. Thus, a participant who reported no cardiac symptoms at 3 months, but had all 6 symptoms at 12 months, would be predicted to exhibit a 13.91-point (8.79, 19.03) increase in their CAPS total score between 3 and 12 months.




DISCUSSION


Main Findings for PTSD Symptoms

We found that a change in the presence or absence of cardiac symptoms between 3 and 12 months after ACS was independently associated with a change in total ACS-induced PTSD symptoms. We accounted for a range of covariates, which have been associated with ACS-induced PTSD symptoms in previous research (22), suggesting that this longitudinal association is robust. Specifically, a probable PTSD diagnosis at admission, a previous depressive episode and a concurrent change in depressive symptoms did not account for the association. Furthermore, the effect size of the positive association between changes in cardiac and PTSD symptoms from 3 to 12 months indicates potential clinical significance. For example, participants who reported neither chest tightness/pain nor heartbeat symptoms at 3 months, but reported both at 12 months, would be predicted to exhibit a 7.4-point increase in their CAPS total score. This magnitude approaches the minimal clinically important difference of 10 points (25). Similarly, a patient who reported all 6 cardiac symptoms at 3 months, but none at 12 months, would be predicted to exhibit a 13.9-point decrease in their CAPS total score when all other covariates in the model remained constant.

Changes in cardiac symptoms from 3 to 12 months were also independently associated with changes in the three PTSD symptom clusters, except for a non-significant association between chest tightness/pain and hyperarousal. If the onset of cardiac symptoms in the post-hospital period contributes to an increase in PTSD symptoms, such an association may have implications for adverse outcomes in patients with ACS-induced PTSD (32). Re-experiencing symptoms may particularly worsen prognosis in patients after ACS, likely through an association with cardiovascular risk factors and atherothrombotic processes (4). Possible mechanisms involved include endothelial dysfunction and hypercoagulability (33) as well as increased inflammation (34). Regarding the latter, re-experiencing symptoms are associated with hyperactivation of the amygdala (35), and enhanced amygdala activation in response to threatening stimuli has been related to increased systemic levels of inflammation in humans (36).

We acknowledge that based on the design of our study, we are unable to make causal inferences about the direction of the association between changes in cardiac symptoms and changes in PTSD symptoms in patients after ACS. However, there are longitudinal studies suggesting that this relation is largely bi-directional (11, 37). Alterations in interoceptive signaling may be one mechanism by which an increase in PTSD symptoms may have contributed to increased perception of cardiac symptoms. Activation of physiological stress axes in traumatized individuals may lead to inaccurate perception of interoceptive body signals (38). In PTSD, cardiac interoceptive accuracy, reflecting correspondence between the perceived and the actual heartbeat signal, is reduced (39). An interoceptive deficit may cause patients with traumatic experience of ACS to perceive their heartbeat and other interoceptive signals like pain sensations as threatening. For instance, interoceptive inaccuracy might result in misinterpretation of physical responses during exercise, such as accelerated heartbeat, as hyperarousal symptoms. To support this, we found that an increase in physical activity from 3 to 12 months was associated with an increase in hyperarousal symptoms. In turn, to reduce the triggered threat perception, patients could avoid physical activity (6), which may explain why we found that a decrease in physical activity from 3 to 12 months was associated with an increase in avoidance/numbing symptoms in our sample.



Potential Implications for Future Intervention Studies

Before our main findings can be translated into clinical practice, the components of successful interventions for cardiac symptoms need further research, for which we offer some considerations based on previous studies and those of our exploratory analyses. We found that participants who attended psychotherapy at 12 months, but not a 3 months, exhibited an increase in PTSD symptoms, which could be an expression of greater illness burden. Alternatively, this suggests that patients may experience greater PTSD symptom reduction if they start psychotherapy early rather than later after ACS. Moreover, it is a promising finding that in patients with onset of heartbeat symptoms from 3 to 12 months, those who attended psychotherapy showed a weaker increase in total PTSD symptoms than those not attending psychotherapy. We can only speculate about potential mechanisms or if the use of psychotherapy is simply a marker for better outcome in those with onset of heartbeat symptoms. The number of psychotherapy sessions did not explain this effect, and whether a possible influence of cardiac symptoms on PTSD symptoms was specifically addressed in psychotherapy is unknown. However, short-term cognitive behavioral therapy, including exposure to physical activity, has been effective for the treatment of non-cardiac chest pain and palpitations in outpatients (40). Therefore, similar interventions could be tailored to patients with cardiac symptoms in an attempt to reduce ACS-induced PTSD symptoms.

Based on our study findings, and research showing that greater physical symptom burden predicted more severe PTSD symptoms in military personnel deployed to combat (37), the mere reduction of the number of cardiac symptoms in the post-hospital period could be effective in reducing ACS-induced PTSD symptoms. An obvious intervention would be rigorous anti-ischemic treatment in accordance with guidelines to reduce chest tightness/pain during exertion (41), reported by one in four participants in our sample.

Heartbeat detection tasks have paved the ground for research on (cardiac) interoceptive accuracy (42) and, as discussed above, there is a bi-directional longitudinal association between cardiac symptoms and PTSD symptoms. Therefore, interoceptive training for more accurate sensing of signals concerning the internal state of the body, particularly the heartbeat, could decrease cardiac symptoms in the post-hospital phase in patients with ACS-induced PTSD symptoms.

In contrast, we found no evidence that patients with cardiac symptoms might benefit from trauma-related counseling in terms of PTSD symptom level. Possible explanations are that a 45-min session did not provide enough time for an effective trauma-related intervention or that comprehensive information on stress management made the control condition equally effective in managing cardiac symptoms.



Strengths and Limitations

The repeat assessment of clinician-rated PTSD symptoms, cardiac symptoms and other time-varying covariates, such as health behaviors and therapeutic interventions, which may change in the post-hospital phase, is a strength of our study. However, in addition to the considerable drop-out rate in terms of available 12-month follow-up data due to lack of funding, there are other notable limitations. The findings of our study may not be generalizable to patients with low levels of peritraumatic threat perceptions, as fear of dying or helplessness of at least medium intensity were inclusion criteria for the study. Although peritraumatic threat perceptions were directly associated with the level of PTSD symptoms (at both 3 and 12 months), its reduced variance may partially explain why it did not moderate the association of changes in cardiac symptoms with changes in PTSD symptoms. We did not ask participants how scared or worried they were about their cardiac symptoms. Consideration of cardiac threat perception could have even increased the strength of the association between changes in cardiac symptoms with changes in PTSD symptoms. We were unable to address the role of cardiac symptoms that might have arisen in the first 2 months post-hospitalization. The results for hyperarousal symptoms must be interpreted with caution because the internal consistency of the hyperarousal score was problematically low. Good internal consistency is commonly reported in studies of different types of trauma (24), although to our knowledge there are no other studies that have used the CAPS to assess hyperarousal symptoms in patients after ACS, which precludes comparison with the results of our study. The number of covariates controlled in the analysis was large for a relatively modest sample size, but univariable analysis confirmed that changes in cardiac symptoms from 3 to 12 months were associated with changes in PTSD symptoms without adjustment for covariates. Exploratory analyses without adjustment for multiple testing carry the risk of incidental findings, but may also generate valuable hypotheses that can be tested in future studies. We analyzed data from a predominantly male sample with relatively high educational attainment, low comorbidity, and no major current depressive episode, originally recruited for an intervention study. However, the prevalence of clinically significant ACS-induced PTSD symptoms was similar to previous observational studies (2). Finally, as we applied DSM-IV criteria for PTSD that were in effect at the time when we planned the study, it is unclear whether the results would hold with DSM-5 criteria.




CONCLUSION

The findings of our study suggest that in patients with ACS, a change in chest tightness/pain and heartbeat symptoms from 3 to 12 months after ACS is independently associated with a change in ACS-induced PTSD symptoms. The results are consistent with the growing literature that physical symptoms are an important clinical entity to consider in comprehensive care for traumatized individuals as they may predict PTSD symptoms. It seems worthwhile to test in longitudinal studies whether interventions that improve interoceptive accuracy related to threat perception of cardiac symptoms can reduce the development of ACS-induced PTSD symptoms.
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values of the Clinician-Administered PTSD Scale total score. Pain/symptom onset was treated as a continuous variable. Estimates are unstandardized regression coefficients with 95%

confidence interval (Cl).

Significance level: P < 0.001; “P < 0.010; "P < 0.05.
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