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Abstract
Objective

Atypical symptoms of patients with acute myocardial infarction (AMI) are associated with more delays in care-seeking. Still, patients
with typical chest pain have not received enough attention. This study aimed to investigate the effect of pain characters on pre-hospital
delays in AMI patients with chest pain.

Methods

Participants from the Multicenter Delay in Patients Experiencing AMI in Shanghai (MEDEA FAR-EAST) included 257 AMI patients (215
males). The data collection procedure consisted of three parts- basic epidemiological and medical information collection, bedside
interview, and self-administered questionnaire. Patients were divided into two groups of persistent (n=171) or intermittent (including
fluctuating, n=86) chest pain.

Results

Compared with patients with persistent pain, patients with intermittent pain have longer pre-hospital delay time (PHT) and patient
decision time (DT) and DT/PHT, and they had a more positive response when symptoms occur. Further multiple regression analysis
showed that intermittent pain was a risk factor for the delay. And in the analysis of different subgroups of chest pain, there was a
significant negative correlation between the severity of pain and the impact of pain on daily life and the delay time.

Conclusions

In AMI patients, intermittent chest pain is an independent predictor of longer pre-hospital delays and should be given sufficient attention
by patients and medical personnel.

Introduction

It has become a consensus that reperfusion or thrombolytic therapy as soon as possible after acute myocardial infarction (AMI) can
reduce mortality and cardiovascular adverse events [1-3]. The total delay time is composed of the in-hospital delay time (“door-to-
balloon” times) and the pre-hospital delay time (PHT). Many previous studies have been devoted to reducing in-hospital delays, but the
in-hospital mortality rate has hardly improved [4]. In recent years, pre-hospital delay has gradually been taken seriously as the main
source of delays, which may have more room for improvement [5]. However, targeted strategies have been implemented in most
industrialized countries; data available suggest minimal change in median PHT [6, 7]. How to minimize pre-hospital delays remains a
challenge.

The rapid response of patients to chest pain is essential to improve survival. Many previous studies focused on atypical symptoms,
which have shown to be related to prolonged delay and poor prognosis in patients with AMI [8-10]. But patients with typical chest pain
still have a high rate of delay. A study from Germany showed that the median PHT for AMI patients with no prodromal chest pain
reached 217.5 minutes [11].

And Zhang et al. reported that patients with chest pain accounted for 66% of patients with a prehospital delay of more than 2 hours
[12]. In addition, chest pain is still the most typical symptom of most AMI patients. Previous studies have reported only about 10-30%
of patients with atypical chest pain [13-16].

Therefore, the objectives of our study are: (1) to assess the impact of chest pain characteristics (intermittent or persistent) on pre-
hospital delay and patient’s decision delay, (2) to compare the behavioral response of patients with intermittent and continuous chest
pain during AMI onset, (3) to evaluate further the relationship between chest pain subgroup classification and delay.

Methods
Study design

The Multicenter Delay in Patients Experiencing AMI in Shanghai (MEDEA FAR-EAST) study was a multicenter cross-sectional study
aimed to assess the in-depth barriers contributing to the pre-hospital delay in Chinese AMI patients. The patients were recruited from
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four hospitals with coronary care units in Shanghai (Tongji-Hospital, Tenth-Hospital, Yangpu-Hospital, and 455 People's Hospital). The
conceptual framework and methods of the MEDEA FAR-EAST study have been described in detail previously [17].

Briefly, the major inclusion criterion was hospitalization with an AMI, which was confirmed by typical symptoms at onset and elevated
cardiac biomarkers (troponin | or troponin T) as well as a corresponding ECG-diagnosis. The exclusion criteria were out-of-hospital
cardiac arrest, cognitive impairment, and language barriers.

Standardized operation procedures (SOPs) were implemented to avoid reporting bias. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was approved by the Ethics Commission of Tongji-University affiliated Tongji-
Hospital (l-KYSB- 2016-74) and informed consent was taken from all the patients. This approval is applicable to all participating
centers.

Samples and Data collection

The study included a total of 257 AMI patients with atypical chest pain from April 2016 to January 2017 in the MEDEA FAR-EAST study.
All patient information consisted of a three-part evaluation (a bedside interview conducted by trained study personnel, a self-
administered questionnaire by patients, and basic epidemiological and medical information collected from the hospital's patient
charts).

Measures
Pre-hospital delay time (PHT) and (patient’s decision delay time) DT

PHT was defined as the time interval between symptom onset and arrival at the hospital door. DT was defined as the elapsed time from
symptom onset to seeking medical care or call EMS (emergency medicine service). PHT was composed of DT and transport time.
Considering that the characteristics of the chest pain may be related to the choice of transportation, we took PHT as the primary
outcome and DT as the secondary outcome. PHT and DT were expressed in minutes.

Asking patients to recall the time point when the acute symptoms began remained a challenge. Therefore, the onset-time was
triangulated by trained personnel in the interview [18], using events from the patient’s daily routine to establish the chronology of
symptom-onset to minimize recall bias.

Classification of chest pain

Patients were asked to answer whether the chest pain was intermittent or continuous and then were divided into intermittent chest pain
group or persistent chest pain group by bedside interviews.

Similarly, patients were assigned to different subgroups based on the bedside interview questionnaire on the severity of pain and the
impact on daily life (not at all, a little, medium, strong, very strong).

Psychological measures

Anxiety was assessed with the Generalized Anxiety Disorder scale (GAD-7) composed of 7 items, rated on a 4-point Likert scale ranging
from 0-21. GAD-7 score=10 points indicate anxious patients [19].

Depression was assessed using the Major depression inventory (MDI), which generates DSM-IV and ICD-10 diagnoses by the patients'
self-reported symptoms. Depression is defined as at least five symptoms present in the MDI scale, of which at least one must be a
“core” symptom (core symptoms including lack of energy, depressed mood, and lack of interest) [20].

Subjective wellbeing was evaluated through the WHO-5, rated on a 6-point Likert scale ranging from 0 to 25. Multiplication by 4 results
in a total score of 0 to 100. WHO-5 score < 50 indicates suboptimal well-being [21].

Denial regarding cardiac illness was assessed by the Cardiac Denial of Impact Scale (CDIS), ranging from 8 to 40. A score of =25
indicates cardiac denial [22].

The somatic symptom burden was captured by the somatic symptom scale (SSS-8) [23], which comprises 8 items, ranging from 0 to
32. 12 points or more (ranked as “high” and “very high”) was considered higher somatic symptom burden.
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Fear of death and stress event were asked to answer “yes” or “no”.
Data analysis

The chi-square test was used to calculate the percentage of baseline characteristics and behavioral response of patients with persistent
and intermittent chest pain, which was displayed as n (%). The independent sample t-test was used to calculate two groups of data
following normal distribution, which was shown as mean + SD. A Nonparametric Wilcoxon test was used to calculate the difference of
PHT, DT, and DT/PHT among groups, which was shown as median (IQR). Spearman correlation analysis was used to explore the
correlation between PHT, DT, and chest pain subgroups. A multiple linear regression model was used to evaluate the relationship
between the characteristics of chest pain (persistent pain and intermittent pain) and PHT, DT.

SPSS 23.0 was used for all statistical analysislip<0.05 was considered statistically significant. The analysis and description in this
paper follow the STROBE guidelines for cross-sectional studies [24].

Results

The present study included 257 AMI patients, including 215(83.7%) men and 42(16.3%) women aged between 30 and 90 years (mean
age 62.0 years, SD13.2).

Characteristics of participants with persistent and intermittent chest pain

As shown in Table 1, in the included population of our study, there were no statistically significant differences in socio-demographic
factors, risk factors, psychological factors, and other symptoms in AMI patients with persistent and intermittent chest pain.

Differences in delay of AMI patients with persistent and intermittent chest pain

The median PHT and DT were 143 (425) minutes and 85(25,386.3) minutes, respectively, and DT accounted for 65.2% of PHT in the
total sample. A total of 136(52.9%) patients had a pre-hospital delay of more than 120 minutes (Table 2).

As shown in Table 2, patients with intermittent chest pain are significantly longer than patients with persistent chest pain, in patient
delay time, pre-hospital delay and DT/PHT (both p <0.01). We have further drawn the cumulative frequency of delays for the two
groups, through which we can more intuitively see the shorter delays for patients with persistent chest pain (Figure 1).

Patients’ behavior responses during AMI

From Table 3, we can see that patients with intermittent chest pain were more likely to “wait for symptoms to pass” (p=0.016) and “tried
to relax” (p=0.005) in the acute phase of AMI. However, patients with persistent chest pain were more likely to “called emergency
department” (p=0.003). Moreover, there was a trend that patients with intermittent chest pain were more likely to choose public
transportation (p=0.060).

The relationship between chest pain and delay in different subgroups

From the results of Spearman correlation analysis, we found that the severity of pain and the impact of pain on daily life were
significantly negatively correlated with PHT (r=-0.176, p=0.005; r=-0.163, p=0.009 respectively) and DT (r=-0.225, pf0.001; r=-0.172,
p=0.006 respectively) (Table 4).

” o

In the severity of pain subgroup, the PHT of “not at all” was significantly longer than “medium”, “strong” and “very strong”. The
difference between groups regarding DT was more significant. The DT of “not at all” and “a little” were both significantly longer than
“strong” and “very strong”. PHT and DT showed the same trend in the impact of pain on daily life subgroup (Figure 2, the data was
shown in Table S1-4).

Linear regression analysis of characteristics of chest pain and PHT, DT

As shown in Table 5, in the binary linear regression analysis, intermittent chest pain was significantly associated with longer PHT
[adjusted R2 = 2.7%, F (1,255) = 8.012, p=0.005] and DT [adjusted R2 = 2.7%, F (1,255) = 8.014, p=0.005] And after adjusting for socio-
demographic factors (age and sex), risk factors (STEMI, Ml history, diabetes) and psychological factors (anxiety, cardiac denial and fear
of death) in the multiple linear regression analysis (model 1-3), the significant differences still exist. Moreover, based on model 3, the

Page 4/13



patient’s behavioral responses with statistical differences were further adjusted (model 4), we found consistent results - intermittent
chest pain was independently associated with longer pre-hospital delay [adjusted R2 = 5.3%, F (12,201) = 1.991, p=0.027] and patient's
decision delay [adjusted R2 = 5.3%, F (12,199) = 1.980, p=0.028].

Discussion

To the best of our knowledge, this study is the first study to comprehensively assess the association between the characteristics,
severity of chest pain, impact on daily life, and pre-hospital delay in the Chinese population. The significant finding of the present
investigation is that intermittent chest pain was associated with longer pre-hospital delay and patient’s decision time and was an
independent risk factor for a longer delay. Moreover, the lower degree of chest pain and its impact on daily life related to longer PHT and
DT.

The overall median PHT in this study was 143 minutes, which was similar to other related studies in the Chinese population [12, 25].
Not surprisingly, patients with intermittent chest pain had significantly longer PHT and DT than those with persistent chest pain. To
understand the proportion of DT in the total prehospital delay, we compared the DT/PHT between the two groups. Interestingly, we also
found that DT/PHT is greater in patients with intermittent chest pain (79.1 vs 59.9, p = 0.004). This indicated that patient delay time, as
the most important part of pre-hospital delay, may have a great controllable improvement in reducing pre-hospital delay.

Although AMI patients with typical chest pain (intermittent or persistent chest pain) have not been the focus of previous studies, we
could find evidence to support our results from the limited literature. A cross-sectional study [26] from Australia included 150 patients
with undifferentiated, potentially ischemic chest pain, and they found that fluctuating symptoms were positively associated with
decision time (p = 0.02). Mumford et al. [27] suggested that patients with crescendo angina have a longer delay. Linda et al. [28]
reported that 64.0% of the patients who pre-hospital delayed 1-3 days described their symptoms as intermittent and/or of gradual
onset. These studies were consistent with our research results, and our analyses were more in-depth and comprehensive, which may
provide more meaningful evidence.

Previous studies have reported socio-demographic factors -age, gender [29—32], clinical symptoms [25, 26], risk factors - STEMI, Ml
history, diabetes [33, 34], psychological factors — anxiety [35], cardiac denial [36], and fear of death [37] and ambulance transfer [33]
have an impact on pre-hospital delay. However, we found no statistical differences in these factors between the two groups of patients
with intermittent and persistent chest pain (except for ambulance transfer). Therefore, in our further multiple linear regression analysis,
we gradually adjusted these reported influencing factors by different models (Table 5, model 1-3). The results indicated that
intermittent chest pain was an independent factor of delay.

To further explore the possible factors affecting the characteristics of chest pain on pre-hospital delay, we compared the behavioral
responses of patients with persistent and intermittent chest pain during the onset of myocardial infarction. Patients with intermittent
chest pain most likely assumed that their pain would resolve spontaneously or attempted to relieve it by relaxation, reported in previous
studies to be associated with longer pre-hospital delays [38, 39]. However, patients with persistent chest pain may have to seek medical
help more actively due to more obvious distress. These patients were more likely to choose ambulance transport, which shorten the
PHT [40, 41].

Gao et al. [25] investigated 116 AMI patients; the result indicated that patients with pain scores > 6 had significantly shorter PHT than
scores < 6. Studies have shown that the intensity of chest pain at onset of symptoms was negatively correlated with patient delay and
pre-hospital delays [25, 42]. A patient's subjective feeling of the severity of symptoms has been shown to be an important predictor of
delay [42, 43].

In the subgroup classification of chest pain, we divided the severity of chest pain into 5 groups from “not at all” to “very strong”
according to the patient's self-report. Through analysis, we obtained similar results as the above study. Ladwig et al. [44] reported that
one-third of people believed that heart-attack is always accompanied by severe chest pain. Therefore, we had reason to believe that the
delay of these patients was affected by the incorrect understanding of the symptoms of myocardial infarction. Also, the impact of chest
pain on daily life was also significantly negatively correlated with PHT and DT. This suggested that the patient's degree of distress by
chest pain was partly responsible for the delay.

The advantages of our research were that the participants of the study were recruited from the MEDEA FAR-EAST study, which based on
multicenter data and a highly standardized evaluation system during hospital care. In addition, we focused on chest pain and
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conducted a more comprehensive and systematic investigation. However, our study has some limitations: 1) All participants were
recruited from China, and it has not been determined whether there are ethnic differences in this effect. 2) the PHT and DT were
assessed retrospectively, giving room for a recall bias, although the onset-time was triangulated by trained and routinely supervised
personnel. 3) Our study did not consider follow-up data. The impact of delay caused by chest pain on the prognosis requires further
investigation.

Conclusions

Our research demonstrates that intermittent chest pain is an independent predictor of longer pre-hospital delays when facing an AMI.
And patients with more severe distress by chest pain are more likely to have shorter pre-hospital delays. This suggested that the impact
of the disease itself on delays in AMI patients with typical chest pain is still not to be ignored, which may provide information for future
interventions to reduce delays.
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Tables

Table 1. Sociodemographic and clinical characteristics of the study population stratified by persistent and intermittent chest pain.
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All patients
Socio-demographic factors
Agellyearil

Sex (Female)

Sex (Male)

Employed

Living alone

Lower educational level
Risk factors

STEMI

LEVFE55%

Re-MI

Obesity

Hypertension
Hypercholesterolemia
Diabetes

smoking

Other symptoms
Vomiting

Nausea

Apnea

sweating

Feeling of dying
Dizziness

Fainting

Heartburn
Stomachache

Racing heart

None

Psychological factors
Anxiety

Depression
Suboptimal wellbeing
Cardiac denial

Higher somatic symptom burden

Fear of death

AMI patients with chest pain (n=257)

Missing (n)

31
31
54
33
41

10
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Persistent

171(66.5%N

61.4+12.7
27(15.8%)
144(84.2%)
65(38.0%)
9(5.3%)
87(50.9%)

105(61.4%)
61(36.5%)
14(8.2%)
12(7.1%)
100(58.5%)
45(26.8%)
62(36.3%)
79(46.2%)

51(29.8%)
60(35.1%)
58(33.9%)
121(71.2%)
42(24.6%)
35(20.5%)
18(10.6%)
22(12.9%)
16(9.4%)
39(22.8%)
17(9.9%)

20(13.2%)
15(10.1%)
30(22.4%)
86(57.7%)
25(17.2%)
33(20.1%)

Intermittent

86(33.2%)

63.5+14.1
15(17.4%)
71(82.6%)
33(38.4%)
5(5.8%)

43(50.0%)

46(53.5%)
23(26.7%)
9(10.5%)

10(11.8%)
54(62.8%)
22(25.9%)
25(29.1%)
37(43.0%)

24(27.9%)
30(34.9%)
30(34,.9%)
55(64.0%)
17(19.8%)
21(24.4%)
8(9.3%)

12(14.0%)
12(14.0%)
17(19.8%)
13(15.3%)

9(12.0%)
9(11.7%)
12(17.4%)
45(60.0%)
12(16.9%)
16(19.3%)

pvalue

Overall

0.244
0.735

0.955
0.854
0.894

0.224
0.118
0.546
0.218
0.506
0.878
0.251
0.629

0.750
0.974
0.878
0.239
0.389
0.469
0.748
0.808
0.264
0.578
0.210

0.792
0.708
0.405
0.744
0.950
0.875




Stress event 1 120(70.6%)  68(79.1%) 0.147

Data were shown as n (%), except age, shown as mean + SD. MI: myocardial infarction; STEMI: ST-segment elevation myocardial
infarction; LEVF: left ventricular ejection fraction. Low educational level is defined as junior high school and below.

Table2. Comparison of delays in patients with intermittent and persistent chest pain.

Number  Total Persistent pain  Intermittent pain  pvalue
PHT (min) 257 143.0(425.0) 110.0(278.0) 248.5(724.0) 00.001
PHTE120min 257 136(52.9%) 79(46.2%) 57(66.3%) 0.001
DT (min) 254 85.0(343.3) 60.0(276.3) 185(713.8) 00.001
DTE60mIn 254 137(53.9%) 80(41.7%) 57(67.9%) 0.002
DT/PHT (%) 254 65.2(55.7) 59.9(57.0) 79.1(46.1) 0.004

Bold significant p values atii0.05 level.

Table3. Behavioral response of patients with intermittent and persistent chest pain during the onset of AMI.

AMI patients with chest discomfort (n=256)  pvalue

Persistent Intermittent Overall
All patients 170(66.4%N 86(33.6%)
Wait for symptoms to pass 92(54.1%) 60(69.8%) 0.016
Tried to relax 69(40.6%) 51(59.3%) 0.005
Continuing activity 17(10.0%) 9(10.5%) 0.907
Called someone 24(14.1%) 8(9.3%) 0.271
Told someone nearby 102(60.0%) 54(62.8%) 0.666
Tried to help him/herself 28(16.5%) 14(16.3%) 0.969
Took medication 49(28.2%) 23(26.7%) 0.727
Called emergency department  48(28.2%) 10(11.6%) 0.003
Is driven/drives to the hospital ~ 38(22.4%) 16(18.8%) 0.516
Public transportation 94(55.3%) 58(67.4%) 0.060

Bold significant p values atii0.05 level.

Tabled. The correlation between different chest pain subgroups and PHT, DT in AMI patients.

PHT DT
r P r P
The severity of the pain -0.176  0.005 -0.225 100.001
The impact of pain on daily life -0.163 0.009 -0.172 0.006
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Bold significant p values atil0.05 level.

Table5. Linear regression analysis of the chest pain characteristics (intermittent chest pain) and PHT, DT in different models.

Unadjusted
Model 1
Model 2
Model 3

Model 4

dependent variable

PHT

R2

0.030
0.039
0.066
0.082
0.106

Adjusted
R2

0.027
0.028
0.043
0.041
0.053

B

288.56
299.68
287.43
306.50
247.34

SE

101.94
102.16
102.09
113.26
116.43

0.175
0.181
0.174
0.184
0.148

0.005
0.004
0.005
0.007
0.035

DT

R2 Adjusted B SE B p
R2

0.031 0.027 288.58 101.94 0.176 0.005
0.042 0.030 299.54 101.97 0.182 0.004
0.068 0.045 289.87 10217 0.176 0.005
0.085 0.044 303.30 11242 0.184 0.008
0.107 0.053 25117 11554 0.152  0.031

Model 1: adjusted for age and sex;

Model 2: adjusted for model 1+ STEMI, Ml history, diabetes;

Model 3: adjusted for model 2 + anxiety, cardiac denial and fear of death;

Model 4: adjusted for model 3+ wait for symptoms to pass, tried to relax, called emergency department (patient’'s behavioral response).

Bold significant p values ati10.05 level.

Figures
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Sum-percent cumulative distribution plot of median PHT (in min) and DT (in min) of AMI patients with intermittent and persistent chest

pain.
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A The severity of the pain B The impact of pain on daily life
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Figure 2

Non-parametric test for comparing PHT and DT in different chest pain subgroups. The punctuation *’ represented p <0.05 in PHT, **’
represented p <0.07 in PHT; ‘# represented p <0.05 in DT, ‘## represented p <0.01 in DT.
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