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Background: At present, there are many influencing factors of post-traumatic stress disorder (PTSD) 
symptoms in patients with acute myocardial infarction (AMI), but based on this, there are few studies on the 
risk prediction model of PTSD symptoms. The aim of this study was to investigate the risk factors of PTSD 
symptoms in patients with AMI and to construct a risk prediction model.
Methods: From April 2021 to March 2022, 287 patients were enrolled from a hospital in Shandong 
Province, China. According to the PTSD Checklist (PCL-C) scores 30 days after discharge, the participants 
were divided into a PTSD symptoms group (92 cases) and a non-PTSD symptoms group (195 cases). 
The demographic data, disease factors, treatment factors, and laboratory examination indicators were 
compared between the 2 groups; independent risk factors were screened out, and a risk prediction model was 
constructed by logistic regression. Area under the curve (AUC) was used as the internal verification of the 
model prediction. From April 2022 to June 2022, 72 patients with AMI in a hospital in Shandong Province 
were selected. PCL-C data were collected 30 days after discharge, and finally external validation of the model 
was performed.
Results: Five factors, including gender [odds ratio (OR) =3.325], diabetes history (OR =2.292), creatine 
kinase isozyme (OR =1.046), insomnia score (OR =2.045), and fear of disease progression score (OR =1.126) 
were included to construct the risk prediction model. According to the Hosmer-Lemeshow test, P=0.785. 
The AUC was 0.910, the maximum value of Youden index was 0.751, the sensitivity was 0.870, the specificity 
was 0.881, and the accuracy rate of practical application was 67.64%. 
Conclusions: The risk prediction model of PTSD symptoms in patients with AMI established in this 
study is consistent and effective. It can provide a reference for clinical assessment of PTSD symptoms risk in 
patients with AMI.
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Introduction

Post-traumatic stress disorder (PTSD) refers to the 
clinical manifestations of traumatic experiences, increased 
alertness, persistent avoidance, or numbness after an 
individual experiences a major physical or psychological 
stimulus, which is a potentially traumatic event. The 
effects of PTSD include psychological disturbance and 
reduced treatment compliance, which in turn affects the 
patient’s disease prognosis (1). Studies have shown that the 
incidence of PTSD symptoms among acute myocardial 
infarction (AMI) patients within 12 months after discharge 
is 3.00–19.00% (2), and the incidence of PTSD symptoms 
in Chinese AMI patients from the acute phase to 3 months 
after discharge is 20.40–33.10% (3). A meta-analysis (4)  
found that the incidence of PTSD symptoms due to 
heart disease ranged from 0% to 38.00% and was highly 
dependent on the tools used for assessment. The condition 
of PTSD symptoms affects patients’ physical and mental 
health, and reduces their quality of life. Patients with 
PTSD symptoms have reported an approximately 20.0% 
lower health-related quality of life (HRQL) at follow-up. 
Individuals with a combination of PTSD and depression 
or anxiety are potentially faced with a poor HRQL as a 
longer-term outcome of their heart disease (5). In addition, 
PTSD symptoms increase the recurrence rate of AMI, 
hospitalization rate, and mortality rate of affected patients, 
incurring a major public health burden (6). Therefore, 
screening and early intervention of PTSD symptoms risk 
in AMI are of great importance. A international study has 
found that there is a potential causal relationship between 
sleep disorders and mental illness. This suggests that 
abnormal sleep patterns may be a sign of mental illness (7). 
A previous study has shown that the symptoms of PTSD 
in patients with AMI may be related to the patient’s age, 
gender, and personality characteristics (8). Hippocampal 
damage, serum cortisol, C-reactive protein are predictors 
of PTSD symptoms (9-11). However, there are currently 
no guidelines or risk prediction models to guide clinical 
personnel in reducing or preventing PTSD symptoms in 
patients with AMI. Based on Chinese and international 
literature and research group discussions, according to 
the clinical and biochemical index of accessible principle, 
this study explored the risk factors of PTSD symptoms in 
AMI and established its risk prediction model, in order to 
provide a convenient tool and evaluation method for the 
prevention and early intervention of PTSD symptoms in 
AMI. We present the following article in accordance with 

the TRIPOD reporting checklist (available at https://apm.
amegroups.com/article/view/10.21037/apm-22-881/rc).

Methods

Study population and data collection

This is a single-center, observational, cross-sectional study. 
A total of 359 eligible patients from a hospital in Shandong 
Province from April 2021 to June 2022 were enrolled as 
the research cohort. Among them, 287 AMI patients from 
April 2021 to March 2022 were enrolled as the modeling 
group. According to their psychological status 30 days after 
discharge, the patients were divided into a PTSD symptoms 
group (n=92) and a non-PTSD symptoms group (n=195). 
A total of 72 patients with AMI from April to June 2022 
were enrolled as the validation group. The participant 
inclusion criteria were as follows: age 18–80 years; AMI 
was diagnosed clinically for the first time and followed up; 
and a state of consciousness and lucidity. The exclusion 
criteria were as follows: severe cardiac, cerebral, and renal 
complications; patients who had experienced other major 
catastrophic events (earthquake, serious illness, family 
changes) in the last six months; respiratory system infection, 
urinary system infection, and other serious infectious 
diseases; and inability or unwillingness to cooperate with 
the scale tester. This study was approved by the Ethics 
Committee of Weifang Medical University Affiliated 
Hospital (No. wffy-2022-ky-147) and informed consent was 
taken from all the patients. All included patients voluntarily 
agreed to participate in this study. The study was conducted 
in accordance with the Declaration of Helsinki (as revised in 
2013). The Demographic questionnaire, Athens insomnia 
scale and Disease fear progression Scale were distributed 
before discharge, and the civilian version was distributed  
30 days after discharge to collect data. 

Variables and measures

Demographic data
By consulting Chinese and international literature, 
consulting 5 clinical nursing experts in cardiovascular 
medicine, and incorporating hospital feasibility analysis, 
the design mainly included the following contents. The 
demographic information: age, gender, education level, 
marital status, occupation, drinking history, smoking 
history, body mass index (BMI, kg/m2), and family monthly 
income. Disease factors: history of hypertension, history 
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of hyperlipidemia, history of diabetes, history of out-of-
hospital cardiac arrest, grading of cardiac function, and 
pain intensity. Treatment factors: length of stay, number 
of stents, and postoperative clinical events. Laboratory test 
indicators: low density lipoprotein, high density lipoprotein, 
triglyceride, fasting blood glucose, total cholesterol, creatine 
kinase isoenzyme, and left ventricular ejection fraction 
(LVEF) value.

Athens insomnia scale
Soldatos et al. designed the Athens insomnia scale in 2000 
for self-assessment of sleep disorders (12). This scale is 
an internationally recognized sleep quality self-test scale. 
There are 8 items in total, and each item is evaluated by a 
Likert 4-level numerical scoring method. The cumulative 
score of each item is the total score, with a total score 
less than 4 being no sleep disorder, 4–6 being suspicious 
of a sleep disorder, and above 6 being a sleep disorder. 
Cronbach’s α coefficient is 0.887–0.89 and the retest 
correlation coefficient is 0.88–0.89.

Disease fear progression scale
The simplified version of the Fear of Disease Progression 
Questionnaire (FoP-Q-SF) had 12 items. A Likert 5-level 
scoring method was used to calculate the total score of 
the 12 items. The total score ranged from 12 to 60 points. 
The higher the score, the more serious the patient’s fear. 
A score ≥34 reached the clinically defined level, indicating 
a psychological dysfunction of fear of disease progression. 
In 2015, Chinese researchers created a translated and 
culturally adjusted version of the FoP-Q-SF. The research 
fields of this scale have been extended to AMI, diabetes, 
and other disease factors, all of which have been reported to 
have good reliability and validity (13). The Chinese version 
of the scale includes 2 dimensions: physiological health, 
and social and family function (14). The physical health 
dimension mainly refers to patients’ worries and fears about 
their own health conditions. The social family function 
dimension mainly refers to patients’ worries and fears about 
their social and family participation in the future.

Civilian version of PTSD list 
The civilian version of the PTSD list (PCL-C) is mainly 
used to report the PTSD symptoms of cases in the past 
1 month. On a scale of 17 to 85, the higher the score, 
the higher the risk of PTSD. A single item score of ≥3 is 
considered the critical value of positive symptoms. Those 
who satisfied at least 1 item in the reexperience symptom 

group were positive, as were those who satisfied at least  
2 items in the avoidance symptom group and hypervigilance 
symptom group. The Chinese version of this scale suggests 
38 points as the demarcation standard (15). Cronbach’s α 
coefficient is 0.88–0.94, and the retest correlation coefficient 
is 0.708 (16).

Statistical analysis

The software SPSS 26.0 (IBM Corp, Armonk, NY, USA) 
was used for statistical analysis. The count data were 
described by case/percentage and χ2 test was performed. 
Normal measurement data were described by mean ± 
standard deviation, and and t-test is adopted. Non-normal 
distribution measurement data were described by median 
and quartile, and inter-group row rank sum test. P<0.05 
was considered statistically significant, and the factor with 
Statistical significance in univariate analysis was entered into 
Logistic regression analysis, and the significant influencing 
factor was finally obtained to construct the prediction 
model. The R Studio software (The R Foundation for 
Statistical Computing, Vienna, Austria) was used to build a 
risk prediction model. The Hosmer-Lemeshow test and a 
receiver operating characteristic (ROC) curve were used to 
evaluate the fitting and diagnostic efficacy of the prediction 
model for PTSD symptoms.

Results 

In the modeling group, PTSD symptoms occurred in 92 of 
287 patients (32.06%). The total score and average score 
of each dimension of the PCL-C of PTSD are shown in 
Table 1. The total score and scores of other dimensions in 
the PTSD symptoms group were significantly higher than 
those in the non-PTSD symptoms group (P<0.001).

Univariate analysis of PTSD symptoms in AMI. In 
the modeling group, in the analysis of PTSD symptoms 
in patients with AMI and PTSD symptoms in patients 
with AMI-related factors including gender, marital status, 
smoking history, family income, history of diabetes mellitus, 
LVEF value, creatine kinase isoenzyme, insomnia score, 
and the fear of disease progression, the difference was 
statistically significant (P<0.05), as shown in Table 2.

Multivariate analysis of PTSD symptoms in AMI. A total 
of 9 variables with statistical significance in single factor 
analysis were included. The independent variables were 
assigned as follows: gender: 0= male, 1= female; marriage: 
1= spouse 2= divorce/death of spouse; monthly household 
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income: 1= less than $300, 2= $300–750 , 3= more than 
$750; smoking history: 0= no,1= yes; history of diabetes: 
0= no, 1= yes; and LVEF: 0=≥50%, 1=<50%. Continuous 
variables, including creatine kinase isoenzymes, insomnia 
scores, and fear of disease progression, were entered as 

original values. Binary logistic regression analysis was used 
to construct a logistic regression model. The results showed 
that gender, diabetes history, creatine kinase isoenzyme,  
insomnia score and fear of disease progression score were 
independent risk factors for PTSD in patients with AMI. 

Table 1 Total score and average score of all dimensions of the civilian scale for PTSD in the modeling group

Characteristic PTSD group (n=92), mean ± SD Non-PTSD group (n=195), mean ± SD t-value P value

Recurrence 13.85±1.24 10.70±1.08 21.866 <0.001

Avoidance and numbness 19.00±2.19 12.20±0.75 23.639 <0.001

Hypervigilance 13.74±1.82 9.10±0.70 28.879 <0.001

Total score 46.59±4.96 32.00±2.39 26.804 <0.001

PTSD, post-traumatic stress disorder.

Table 2 Univariate analysis of the incidence of post-traumatic stress disorder in patients with acute myocardial infarction

Characteristic PTSD group (n=92) Non-PTSD group (n=195) P value

Gender, n (%)

Men 24 (26.1) 147 (75.4) <0.001

Women 68 (73.9) 48 (24.6)

Marital status, n (%)

Married 41 (44.6) 123 (63.1) 0.003

Unmarried/divorced/widow 51 (55.4) 72 (36.9)

Smoking history, n (%)

Yes 67 (72.8) 118 (60.5) 0.042

No 25 (27.2) 77 (39.5)

Monthly household income, n (%)

<$300 18 (19.6) 16 (8.2)

$300–750 53 (57.6) 123 (63.1) 0.019

>$750 21 (22.8) 56 (28.7)

History of diabetes, n (%)

Yes 70 (76.1) 106 (54.4) <0.001

No 22 (23.9) 89 (45.6)

LVEF, n (%)

<50% 69 (75.0) 106 (54.4) <0.001

≥50% 23 (25.0) 89 (45.6)

Creatine kinase isoenzyme, U/L, M (P25, P75) 62.0 (52.9, 67.3) 37.5 (28.9, 45.5) <0.001

Insomnia score, M (P25, P75) 5.0 (4.0, 7.0) 4.0 (3.0, 5.0) <0.001

Fear of disease progression, points, M (P25, P75) 34.5 (23.0, 40.0) 21.0 (20.0, 23.0) <0.001

PTSD, post-traumatic stress disorder; LVEF, left ventricular ejection fraction.
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The prediction model was finally established as P=ex/(1+ex), 
where E is the natural logarithm, X=−10.500+ (1.201 × 
gender) + (0.829 × diabetes history) + (0.045 × creatine 
kinase isoenzyme) + (0.715 × insomnia score) + (0.119 × fear 
of disease progression), as shown in Table 3.

The Hosmer–Lemeshow test model fitting effect 
showed P=0.785. The sensitivity and specificity of the 
model were tested by the area under the curve (AUC), 
as shown in Figure 1. The optimal critical value of the 
model was determined by the maximum value of the 
Youden index. The AUC of this model was 0.910 (95% 
CI: 86.90% to 95.10%), the maximum value of the Youden 
index was 0.751, the optimal critical value was 0.587, 
the sensitivity was 0.870, and the specificity was 0.881 
(details in Figure 1A). A total of 72 patients with AMI who 
met the inclusion criteria were selected as the research 
cohort, and the model was used for clinical validation. 
In the validation group, there were 32 cases of PTSD 
symptoms, with the actual incidence of 44.44%. The risk 
model predicted 17 cases of PTSD symptoms, 15 cases of 
misjudgment, sensitivity 70.83%; The risk model predicted 

that there were non-PTSD symptoms in 33 cases, but  
7 cases were misjudged, with specificity of 68.75%. The 
total accuracy of the model is 69.44% (details in Figure 1B).

Discussion

In this study, the incidence of PTSD symptoms in patients 
with AMI was 32.06%. International study (2) have shown 
that the incidence of PTSD symptoms in AMI is between 
3% and 19%. A Chinese study has shown that the incidence 
of PTSD symptoms in patients with AMI is 20.4–33.1% (3).  
The different incidence of PTSD symptoms in AMI 
patients in China and internationally may be related to the 
differences in the study target population, PTSD symptoms 
assessment tools, and follow-up time.

The results of this study showed that women had a 
higher incidence of PTSD symptoms than men. When 
faced with the stress of disease, female patients are more 
likely to experience PTSD symptoms than male patients, 
which is similar to the results of Fonkoue and Kobayashi 
et al. (17,18). An international study shows that there is a 

Table 3 Logistic regression analysis results of risk factors for PTSD in acute myocardial infarction

Variable Regression coefficient SE Wald χ2 OR (95% CI) P value

Constant −10.500 1.226 73.352 – <0.001

Gender 1.201 0.392 9.441 3.325 (1.543–7.163) 0.002

History of diabetes 0.829 0.412 4.052 2.292 (1.022–5.138) 0.044

Creatine kinase isoenzyme 0.045 0.012 14.728 1.046 (1.022–1.071) <0.001

Insomnia score 0.715 0.164 19.045 2.045 (1.483–2.820) <0.001

Fear of disease progression 0.119 0.023 26.213 1.126 (1.076–1.179) <0.001

PTSD, post-traumatic stress disorder; OR, odds ratio; CI, confidence interval.
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significant correlation between the size of the amygdala 
and PTSD symptoms when individuals are stressed (19). 
Compared with that of men, the amygdala of women 
has a more persistent and sensitive response to negative  
stimuli (20) and is more likely to produce intense emotions 
such as fear. Compared to men, women’s amygdalae 
are more responsive to ongoing negative stimuli. This 
indicates that females are more likely to show higher 
emotional disorders when stimulated by the same negative 
things as males. Women are twice as likely as men to 
develop symptoms of PTSD, and the reason may be due 
to interactions between sex hormones and stress peptides, 
the study said (21). In addition, due to the difference in 
sex hormones (22), women are more sensitive to painful 
stimuli and are more likely to perceive physical and mental 
harm brought by diseases. In clinical work, our medical 
staff should focus on the psychological problems of female 
AIM patients, actively communicate with patients who do 
not express themselves readily, and reduce their negative 
emotions, so as to reduce the risk of PTSD symptoms.

The results of this study showed that the risk of PTSD 
symptoms in patients with a diabetes history was 2.292 times 
higher than that in those with no history of diabetes. The 
symptoms of PTSD were associated with elevated diabetes 
distress and more frequent exercise and self-blood glucose 
testing, which is similar to the results of Arigo et al. (23).  

There are 2 predominant stress factors of PTSD symptoms: 
diagnosis of trauma (acute stressors) and trauma-related 
medical treatment (chronic stressors) (24). In patients with 
type 2 diabetes, diabetes is a chronic stressor wherein long-
term high blood sugar and insulin resistance can accelerate 
glucolipid metabolic disorders, cause patients to experience 
systemic tissue organ dysfunction and failure, and even 
cause a variety of chronic complications (25), all of which 
increase the economic and psychological burden of patients 
prone to PTSD symptoms. In addition, studies have shown 
that the symptoms of PTSD interact with the metabolic 
severity of diabetes (26). Diabetics are more prone to PTSD 
symptoms and diabetes aggravates the symptoms of PTSD  
symptoms (27), mainly because a stable glucose level is 
essential for brain metabolism and neuronal activity. Chronic 
high glucose levels and rapid glucose fluctuations in diabetics 
can lead to neuronal damage, undesirable mental health 
outcomes, and other neurological and cognitive deficits 
that can easily manifest as symptoms of PTSD. Therefore, 
clinicians should continuously detect and control blood 
sugar, especially that of diabetics, to reduce their physical 
and psychological injury, thus reducing the occurrence of 

PTSD symptoms and improving their quality of life.
Creatine kinase isoenzyme is an important factor in the 

occurrence of PTSD symptoms in patients with AMI. The 
results of this study showed that the total value of creatine 
kinase isoenzyme in the PTSD symptoms group was 
significantly higher than that in non-PTSD symptoms group. 
The main reason is that creatine kinase isoenzyme is a typical 
biomarker of AMI, and its level can reflect the degree of 
myocardial damage, representing the severity of the patient’s 
condition to a certain extent (28). In the follow-up treatment, 
when there is a conflict between physical health and executive 
ability, psychological pressure is easily generated. Therefore, 
it is necessary to strengthen the monitoring and treatment of 
creatine kinase isoenzyme in clinical practice to prevent the 
occurrence of PTSD symptoms and improve the physical 
and mental health of patients.

The results of this study showed that sleep disturbance 
was an independent risk factor for PTSD symptoms in 
patients with AMI, and patients with a higher insomnia 
score had a higher risk of developing PTSD symptoms. 
Sleep is important to normal cognitive function (29). The 
occurrence of sleep disorders and circadian rhythm disorders 
in patients will fundamentally affect the neuroendocrine, 
immune, and autonomic systems, resulting in the 
breakdown of biological behavioral adaptation mechanisms 
and increased stress sensitivity and vulnerability. Therefore, 
sleep may play a causal role in the development of PTSD 
symptoms (30). In addition, sleep disorders often appear 
together with PTSD symptoms, and patients with poor 
sleep quality are prone to PTSD symptoms (31). In clinical 
work, it is necessary to pay attention to the sleep assessment 
of patients, any sleep-related problems that they mention, 
provide targeted guidance, take measures to ameliorate 
the adverse mood and sleep disorders of patients, and 
strengthen their sleep management.

The results of this study show that patients with high 
fear of disease progression are prone to develop PTSD 
symptoms, and the 2 are positively correlated, which is 
consistent with the research results of Chinese researchers 
(32,33). An international study of 763 patients with heart 
disease found that patients with higher fear of disease had 
significantly more severe PTSD symptoms at 1-month 
follow-up (34). The reason may be that AMI is a potential 
life-threatening event which can cause subjective feelings 
of fear and threat to those affected, which are manifested as 
strong fear and helpless post-traumatic perception, which 
increases the risk of PTSD symptoms in patients with 
heart disease (35). In addition, fear of disease progression 
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is strongly correlated with social pressure, and a higher 
level of fear of disease progression can reflect future disease 
risk (36). Therefore, in future early intervention studies, 
medical staff should focus on the level of fear of recurrence 
in patients with AMI and intervene as soon as possible to 
effectively prevent the occurrence of PTSD symptoms.

In this study, the Hosmer–Lemeshow model was used to 
evaluate the goodness of fit, and AUC was used to evaluate 
the prediction model. When the AUC was less than 0.7, the 
prediction efficiency is low; when the AUC was between 
0.7 and 0.9, the prediction efficiency was medium; an AUC 
>0.9 indicates high prediction efficiency (37). In this model, 
the AUC for internal verification was 0.910, and in clinical 
verification, the maximum value of Youden index was 0.751, 
the optimal critical value was 0.587, the sensitivity was 0.870, 
and the specificity was 0.881. In external clinical validation, 
the sensitivity and specificity were 70.83% and 68.75%, 
respectively. The total accuracy rate was 69.44%. Both 
internal and external validation indicated that the model was 
effective in predicting and identifying patients with PTSD 
symptoms. Therefore, this model can be applied to clinical 
practice.

Conclusions

In this study, female patients with AMI, diabetes, insomnia, 
high creatine kinase isoenzyme, and high fear of disease 
progression were found to be prone to PTSD symptoms. 
This does not indicate that male patients should be 
disregarded. Therefore, medical staff should carry out 
early assessment and screening for the influencing factors 
of PTSD symptoms, implement timely and effective 
intervention, and improve the disease prognosis of patients. 
The limitation of this study is that it was only conducted 
during a period of time without longitudinal investigation, 
suggesting that future researchers can explore the changes of 
patients’ PTSD symptoms status over a longer span of time.
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