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Backgroud: Acute myocardial infarction (AMI) has a high morbidity rate, high
mortality rate, high readmission rate, high health care costs, and a high
symptomatic, psychological, and economic burden on patients. Patients with
AMI usually present with multiple symptoms simultaneously, which are
manifested as symptom clusters. Symptom clusters have a profound impact
on the quality of survival and clinical outcomes of AMI patients.

Objective: The purpose of this study was to analyze unplanned hospital
readmissions among cluster groups within a 1-year follow-up period, as well
as to identify clusters of acute symptoms and the characteristics associated
with them that appeared in patients with AMI.

Methods: Between October 2021 and October 2022, 261 AMI patients in China
were individually questioned for symptoms using a structured questionnaire.
Mplus 8.3 software was used to conduct latent class analysis in order to find
symptom clusters. Univariate analysis is used to examine characteristics associated
with each cluster, and multinomial logistic regression is used to analyze a cluster
membership as an independent predictor of hospital readmission after 1-year.
Results: Three unique clusters were found among the 11 acute symptoms: the
typical chest symptom cluster (64.4%), the multiple symptom cluster (29.5%),
and the atypical symptom cluster (6.1%). The cluster of atypical symptoms was
more likely to have anemia and the worse values of Killip class compared with
other clusters. The results of multiple logistic regression indicated that, in
comparison to the typical chest cluster, the atypical symptom cluster
substantially predicted a greater probability of 1-year hospital readmission (odd
ratio 8.303, 95% confidence interval 2.550-27.031, P<0.001).

Conclusion: Out of the 11 acute symptoms, we have found three clusters: the
typical chest symptom, multiple symptom, and atypical symptom clusters.
Compared to patients in the other two clusters, those in the atypical symptom
cluster—which included anemia and a large percentage of Killip class
patients—had worse clinical indicators at hospital readmission during the
duration of the 1-year follow-up. Both anemia and high Killip classification
suggest that the patient’'s clinical presentation is poor and therefore the
prognosis is worse. Intensive treatment should be considered for anemia and
high level of Killip class patients with atypical presentation. Clinicians should
focus on patients with atypical symptom clusters, enhance early recognition
of symptoms, and develop targeted symptom management strategies to
alleviate their discomfort in order to improve symptomatic outcomes.
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1 Introduction

The American Heart Association (AHA) predicts that about 13
million people worldwide will suffer from cardiovascular disease in
2035, with coronary heart disease (CHD) being the leading cause of
death among people with cardiovascular disease (1, 2). The task of
preventing and controlling coronary heart disease in China is
equally burdensome, and the Report on Cardiovascular Health
and Disease in China 2022 points out that the incidence rate of
coronary heart disease is rising year by year, and the number of
people suffering from coronary heart disease in China has
already reached 1.13 million, and the mortality rate of coronary
heart disease has reached 0.12%. Since 2005, the mortality rate of
coronary heart disease has been rising rapidly and tends to be
younger. It can be seen that strengthening the prevention
and treatment of coronary heart disease is a key measure to
improve the management system of cardiovascular diseases in
China (1, 3, 4).

Patients with acute myocardial infarction (AMI) usually
present with a variety of symptoms at the onset of the disease,
mainly chest pain/chest discomfort, sweating, dyspnea, nausea/
vomiting, etc., and present in the form of symptom clusters
(5-8). Each patient experiences an average of 3.6-4.75 symptoms
in the previous studies (9, 10). Symptom clusters can be defined
as two or more concurrently occurring symptoms that interact
with each other (11-14). The symptoms of AMI are varied, and
multiple symptoms often coexist, creating a negative symptom
cluster synergy between symptoms. Compared with single
symptoms, symptom clusters can increase the burden of disease
in AMI patients, decrease their adherence to treatment, and have
a serious negative impact on their quality of life and health
status (15-17). The results of related studies have shown that
symptom clusters in AMI patients can have a serious impact on
functional status, readmission rates for cardiovascular events, and
all-cause mortality (18). Symptom clusters consisting of multiple
symptoms have a more profound impact on the clinical outcome
of patients with AMI than a single symptom (19).

At this stage, the management of symptom clusters in patients
with AMI has only progressed to the stage of symptom cluster
identification, and more research is needed on the development
of symptom cluster management strategies and the evaluation of
outcomes (14).

AMI is an aggressive and rapidly progressive condition, and
percutaneous coronary intervention (PCI) is the key to its
successful treatment and the most common approach for
coronary revascularization. Total number of coronary heart
disease interventions in China reached 1.16 million in 2021, with
1.48 stents placed per capita in coronary heart disease patients.
Reperfusion therapy has a time window requirement, with a 10%
increase in patient morbidity and mortality for every 1h of
delay, making early recognition of AMI symptoms and prompt
medical attention critical. Problems with the prognosis of PCI
also arise; in-stent restenosis, cardiac rupture, and chest pain
may cause repeated, multiple admissions to the hospital, which
brings a serious economic and psychological burden to patients.
It showed nearly 20% readmitted for

of patients were
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cardiovascular events within 1 year of PCI in the previous study
(20). Thus unplanned readmission in the early post-procedure
period after PCI is considered to be a costly and common
adverse outcome (20, 21).

In the United States, readmissions occur in one-fifth of PCI
patients each year and account for 33% of the total cost of
readmissions, amounting to $26 billion, with a low quality of life
and a high economic burden, with 75% of these readmissions
considered avoidable. However, there are few studies on the
prognostic impact of symptom clusters in AMI patients, and few
studies on the impact of symptom clusters on unplanned
readmission in AMI patients have been reported. Therefore, the
aim of this study was to explore the potential categories of
symptom clusters in AMI patients and the effect of potential
categories on readmission within 1 year after PCI using latent
class analysis, with the aim of helping medical staff to be more
targeted in symptom management and providing evidence
support and theoretical basis.

2 Materials and methods
2.1 Study setting and population

This study is a cross-sectional survey study. Convenience
sampling method was used to extract patients readmitted for
treatment of acute myocardial infarction in the Department of
Cardiology of Xianyang City Central Hospital from October 2021
to October 2022 for the study. Inclusion criteria were: (1)
patients who survived and those with a final diagnosis of ST-
elevation myocardial infraction (STEMI) or Non-ST-elevation
myocardial infraction (NSTEMI) who underwent PCI, (2) age 18
years or older, (3) understanding of spoken Chinese, and (4)
those who consented to take part in the study. Exclusion criteria
were: (1) combination of major organic lesions; (2) new
postoperative complications such as myocardial infarction and
cerebral infarction.

In this study, the sample size calculation formula was 1 = Z2,,
(1-P)P/&%, setting the test level a=0.05(Zy, =1.96), with a
permissible margin of error § =0.05, and based on the results of
a similar study in the literature (20), the maximum incidence of
re-admission of patients with AMI was 17%, which means that
P=0.17, and calculating the sample size n= 1.96%x (1-0.17) x
0.17+0.05°=216 cases, considering the 20% non-response rate,
259 cases were needed for the sample size. A total of 270
patients met the criteria, 9 were dropped due to the long follow-
up period and we were unable to contact them. A total of 261
patients were included in this study, with a average age of 62.8 +
11.2 years (range 34-89), and the rest of the general information,
is shown in Table 1.

2.2 Ethics statement

The study protocol was approved by the Ethical Research
Board of the affiliated institution (IRB No. 2023-64). Patients
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TABLE 1 Baseline clinical characteristic.

Varables ____ assfcaton =261
109

Age (years) 34-60 41.8
61-89 152 58.2
Final diagnosis ST-elevation myocardial infraction 178 68.2
Non-ST-elevation myocardial infraction 83 31.8
Gender Female 42 16.1
Marital status Divorced/widowed/never married 2 0.8
Occupation status | Unemployed/retired 38 14.6
Risk factors® Hypertension 120 46.0
Diabetes mellitus 47 18.0
Dyslipidemia 48 18.4
Current smoking 135 51.7
Obesity = body mass index>28 kg/m” 24 9.2

2Answers were duplicated.

who consented to take part in the study signed an informed
consent. Patient readmission information was obtained by
telephone interview during follow-up period.

2.3 Questionnaire and data collection

2.3.1 Patients characteristics

The questionnaire of patients characteristics was developed by
the researcher and consisted of 3 parts, (1) sociodemographic
characteristic: gender, age, working status, marital status, and
(2) disease-related
information: risk factors, diagnosis, comorbid conditions, cardiac

mode of payment for medical care;
function class, Killip class, type of coronary artery lesion, history
of hemodialysis and total hospital stay and (3) clinical outcome

information: readmission within 1 year.

2.3.2 AMI symptoms

For this study, Illness Perception Questiormaire Revised (IPQ-
R) was selected to collect patients symptoms. The IPQ-R is a
targeted assessment tool for assessing the multisymptomatic
nature of AMI and was developed by Moss Morris in a revision
of the IPQ developed by Weinman et al. There are 11 symptoms,
including: (1) chest pain, (2) chest discomfortable, (3) radiating
pain, (4) dyspnea, (5) palpitation, (6) nausea/vomiting, (7)
sweating, (8) weakness/fatigue, (9) dizziness, (10) syncope, (11)
throat tighting sensation. Cronbach’s o coefficient for internal
consistency was 0.66-0.92 in the previous studies (22-25).

2.3.3 Hospital readmission

Unplanned readmission is defined as any unpredictable
readmission that occurs after discharge for an activity that is
not performed within the normal plan, excluding planned
readmissions (e.g., follow-up review, secondary surgery, etc.) (26).
Retain contact information and verify contact information for
patients and their families during their hospitalization. We
obtained readmission information through telephone interviews
with patients by asking about the date and reason for
readmission in the past 1 year. Hospital readmission was defined
as a return or visit to the hospital due to AMI related

complications or AMI recurrence, deterioration within 12
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months after hospital discharge for AMI. Readmission excluded
planned readmissions, such as elective surgery, regular hospital
admissions for treatment, review, etc. and unrelated to the reason
for the last hospitalization.

The purpose and requirements of the study were explained to the
patients who met the criteria by two investigators who were uniformly
trained, and the questionnaire was administered within 3 days of the
patient’s admission after obtaining informed consent. Uniform
training was given to the investigators to ensure that they conducted
one-on-one on-site surveys using uniform instructions; when data
were collected face-to-face, they were filled in by the research subjects
themselves; for older patients, they could be filled in on behalf of the
research subjects by asking them one by one; if there were any
questions during the filling in process, the researchers provided
timely explanations, the questionnaires were distributed and collected
on the spot, and on-site verification was carried out instantly. If there
is any omission or obvious error, the research subjects are reminded
to make up or correct in time; the questionnaire number is entered
in time, and the confidentiality of the information is done. Each
patients was collected information about the symptoms, risk factors,
and chronic diseases related to the acute phase of acute myocardial
infarction. Disease-related information was collected by reviewing the
medical record system. Data for clinical outcome including hospital
readmission was also obtained.

2.4 Statistical analysis

Latent class analysis (LCA) was used for analyzing the coded
symptoms, and the evaluation indexes were as follows. (1)
Akaike Information Criterion (AIC),
Bayesian Information Criterion (BIC) and adjusted Bayesian

Information criteria:
Information Criterion (aBIC). Smaller values of such information
criteria indicate better model fit. (2) Entropy index: indicates the
degree of classification accuracy, the value range is 0-1, the
closer to 1 indicates that the classification is more accurate.
(3) Likelihood ratio metrics: Lo-Mendell-Rubin (LMR) and
Bootstrapped likelihood ratio test (BLRT), significant LMR,
BLRT values indicate that a model with K categories outperforms
a model with K-1 categories (27, 28).

The collected data were analyzed using SPSS Statistic v.24.
Univariate analysis was used to compare differences in the
characteristics of samples of patients with different symptom
clusters. Multiple logistic regression analysis was used to identify
the effect of symptom clusters on readmission after adjusting for
patients’ baseline characteristics. The statistic significance level(c)
was set at 0.05.

3 Results

3.1 Three sets of symptoms were identified
by latent cluster analysis

Patients were included in the potential category model, and a
total of 5 models were fitted. In model 3, AIC and aBIC were the
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smallest, the P-value of BLRT test was <0.05, and the entropy was
>0.7. Based on the clinical experience, model 3 was chosen to
categorize the patients into 3 categories, as shown in Table 2.

3.2 Significant differences in the number
and composition of the symptom in 3
cluster groups

Cluster 1 had the highest number of participants (n =168,
64.4%), followed by Cluster 2 (n=77, 29.5%) and Cluster 3
(n=16, 6.1%).0n average, patients reported 2.9 + 1.2 symptoms.
There was a significant difference in the number of symptoms
among the 3 clusters (P<0.001); with the highest number
of symptoms in cluster 3 (5.0+2.9) and the lowest number of
symptoms in cluster 1 (2.6+1.2). As for the distribution of
symptoms in each cluster, excluding nausae or vomiting,
sweating and syncope, the remaining symptoms (chest pain,
chest discomfortable, pain or discomfortable in other parts,
of breath, palpitation, weakness or fatigue [all
[P=0.014]; throat tightening sensation

shortness
P<0.001];
[P=0.036) showed significant differences between clusters. Most

dizziness

common was chest pain (83.9%), followed by sweating (73.2%).
Less frequently reported symptoms syncope  (7.3%),
palpitation (2.7%), and throat tightening sensation (1.9%) (Table 3).

In cluster 1, the frequency of chest pain was the highest at

were

100%, followed by sweating (75.0%) and nausea or vomiting
(25.6%). In cluster 2, chest discomfortable at 98.7%, followed by
shortness of breath (77.9%) and sweating (68.8%). Many atypical
symptoms were present in Cluster 3, including radiating pain
(75.0%), weakness or fatigue (56.3%), palpitation (37.5%) and

10.3389/fcvm.2024.1388648

(25.9%). The clusters have been called “classic

symptoms” (cluster 1), “multiple symptoms” (cluster 2), and

dizziness

“atypical symptoms” (cluster 3), taking into account the number
of symptoms, frequency, and distribution (Figure 1).

3.3 Patients of cluster 3 are more likely
to have anemia and be with high value of
killip class

In terms of comorbidities, the results of the univariate analysis
in this study showed that there were differences in anemia
(P=0.016) among patients with different potential categories of
AMI symptom clusters, and the patients of atypical symptom
cluster were more likely to have anemia.

For disease factors, the results of the univariate analysis in
this study showed that there were differences in Killip classes
(P=0.003) in patients with different potential categories of AMI
symptom clusters, and the patients of atypical symptom clusters
were more likely to have higher value for Killip classes, which
has severe heart failure (Table 4).

3.4 Patients in cluster 3 anticipated a
noticeably higher risk of 1-year readmission

During the follow-up period, a total of 55 (21.1%) patients
had readmissions, including 23 (8.8%) planned readmissions,
4 (1.5%) wunrelated disease readmissions, and 28 (10.7%)

unplanned readmissions.

TABLE 2 Model fit results of LCA for symptom cluster in acute myocardial patients (n = 261).

Models \(@ aBIC Entropy P Number of patients in each category
LMR-LRT
1 2,217.636 2,256.846 2,221.971 — — — —
2 2,080.710 2,162.694 2,089.774 1.000 <0.001 <0.001 79/182
3 2,063.825 2,188.583 2,077.618 0.882 0.141 <0.001 168/77/16
4 2,066.800 2,234.332 2,085.323 0.800 0.387 0.158 48/5/80/128
5 2,069.524 2,279.831 2,092.776 0.839 0.148 0.500 158/19/13/10/61
TABLE 3 Comparison of frequency of presenting symptoms by cluster group (n = 261).
Total Cluster 1 (n=168) | Cluster 2 (n=77) @ Cluster 3 (n=16) F/x2 P
No of total symptom (mean + SD) 29+1.2 26+1.2 31+1.1 50+29 13.559 <0.001
Chest pain 219 (83.9) 168 (100.0) 44 (57.1) 7 (43.8) 99.475 <0.001
Chest discomfortable 79 (30.3) 0 76 (98.7) 3 (18.8) 285.615 <0.001
Radiating pain 57 (21.8) 37 (22.0) 8 (10.4) 12 (75.0) 27.035 <0.001
Dyspnea 92 (35.2) 25 (14.9) 60 (77.9) 7 (43.8) 92.476 <0.001
Palpitation 7 (2.7) 1 (6.0) 0 6 (37.5) 29.406 <0.001
Nausea/vomiting 67 (25.7) 43 (25.6) 16 (20.8) 8 (50.0) 5.499 0.059
Sweating 191 (73.2) 126 (75.0) 53 (68.8) 12 (75.0) 1.086 0.616
Weakness/fatigue 13 (5.0) 1 (6.0) 3(3.9) 9 (56.3) 43.377 <0.001
Dizziness 19 (7.3) 8 (4.8) 7 (9.1) 4 (25.9) 7.819 0.014
Syncope 9 (3.4) 6 (3.6) 3 (3.9) 0 0.183 1.000
Throat tighting sensation 5(1.9) 2(1.2) 1(1.3) 2 (12.5) 6.230 0.036

Frontiers in Cardiovascular Medicine

04

frontiersin.org


https://doi.org/10.3389/fcvm.2024.1388648
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Mao et al. 10.3389/fcvm.2024.1388648
(%)
100 —a— cluster 1 —— cluster 2 cluster 3
90
80
70
60
50
40
30
20
10
0 b T2
) %) < on [=1)) w» 5]
£ = 3 £ S 8 = = A 2 g
s £ &0 S = = = £ 2 e =
o | = =~ (=9 = = = = > =
7 S = = g = o = R g 2
5 = = » = o N >
[3) (=1 » < i ~
5] 5} ] R < V)
2 = 'g 9 =
v, =
= = & 2 5
173 = 2 -
£ = z
© =
N—
[
(=]
H
K-
et
FIGURE 1

Symptom distribution by clustered groups.

A total of 28 patients readmitted during the course of the
follow-up period. The hospital readmission proved to be
significantly varied by cluster, using bivariate analysis (P =0.001)
(Table 5). Multinomial logistic regression analysis demonstrated
that when patients characteristic were adjusted for, compared to
patients in Cluster 1, patients in Cluster 3 anticipated a
noticeably higher risk of 1-year readmission (odd ratio 8.303,
95% confidence interval 2.550-27.031, P < 0.001) (Table 6).

4 Discussion

This study identified symptom clusters in patients with AMI,
explored the relationship between symptom clusters and patient-
related variables, and examined into the impact of symptom
clusters on hospital readmission in order to develop intervention
strategies to lower the risk of readmission in Chinese patients
with AMI. Using the latent class analysis, three symptom clusters
were identified: typical chest symptom cluster (chest pain,
sweating, nausea/vomiting), multiple symptom cluster(chest
discomfortable, shortness of breath, sweating) and atypical
symptom cluster(radiating pain, weakness/fatigue, palpitation,
dizziness). Previous studies have categorized symptoms into four
to five clusters (9, 19), with differences in this classification based
on factors such as the target population, inclusion criteria,

number of symptoms evaluated, and methods of clustering (29).

Frontiers in Cardiovascular Medicine

Hwang et al. (18) used latent class cluster analysis to extract three
clusters were: typical chest pain (chest pain/discomfortable, cold
sweat, shortness of breath, nause/vomiting, weakness/fatigue/
dizziness), multiple symptoms (chest pain/discomfortable, left
shoulder/arm pain, cold sweat, right shoulder/arm pain, nausea/
vomiting), atypical symptom (shortness of breath, weakness/fatigue/
dizziness, indigestion/abdominal pain, cold sweat, nausea/vomiting).

The results of the two studies were basically the same, but the
composition of the symptoms within the clusters was not exactly
the same, and the reasons for this were analyzed which were
related to the inconsistency of the symptoms collected. This
study used the IPQ-R with 11 symptom entries, Huwang et al.
(18) analyzed 14 symptom entries and the composition of the
entries was inconsistent.

Kim et al. (16) used cluster analysis to extract three symptom
clusters, namely classic MI, stress symptoms, and multiple
symptoms. In comparison to the present study, both of them
yielded the same number of symptom clusters, although they
took different statistical methods.

McSweeney et al. (30) used cluster analysis on 1,270 female
patients, which includes 37 acute MI symptoms, to extract a total
of 3 symptom clusters, (1) old, silent asymptomatic group, (2)
diverse, mildly symptomatic group, and (3) younger, minority,
multiple distressing symptom group.

In comparison to the present study, the number of symptom
clusters derived from the two were the same despite different
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TABLE 4 Relationships between cluster
characteristics (n = 261).

membership and sample

10.3389/fcvm.2024.1388648

TABLE 5 Hospital readmission at 1-year follow-up by symptom clusters.

] Cluster 1 Cluster 2 Cluster 3
Variables Cluster 1 | Cluster 2 Cluster3| P (n=168) (n=77) (n=16)
168 (64.4%) 77 (29.5) 16 (6.1) Readmission
Age (years) 0 155 (92.3) 69 (89.6) 9 (56.3) 0.001

(mean + SD) 625+111 | 633111 | 63.3+125 | 0.879 21 1307 8 (10.4) 7(43.7)

<60 68 27 6 0.718

>60 100 50 10
Gender, n (%) TABLE 6 Multinomial logistic regression analysis:factors related to each

Male 145 (86.3) 59 (76.6) | 15(93.8) | 0.105 cluster.

Femal 23 (13.7 18 (23.4 1 (62 .

emae 137 @349 62) Variables 95% Cl
Occupation, n (%)

Employed 146 (86.9) 65 (84.4) | 12 (75.0) | 0.368 Lower | Upper

Unemployed/retired 22 (13.1) 12 (156) | 4(25.0) Cluster 2 vs. Cluster 1 | 0.206 | 0.490 | 1.228 | 0.675 | 0.470 3.209
Marital status, 1 (%) Cluster 3 vs. Cluster 1 | 2117 | 0.602 | 8.303 | <0.001 | 2550 | 27.031

Married 167 (99.4) 76 (98.7) | 16 (100.0) | 0.587

Divorced/widowed/ 1 (0.6) 1(1.3) 0

never married, 1 (%) used by McSweeney et al. had 37 symptom entries, which is
Insurance type, n (%) -
more than the 11 entries in the present study.

Insurance 165 (98.2) 77 (100.0) | 15 (93.8) | 0.205 I ical ch i " ) d
Self-paying 3(18) 0 162) In cluster 1 (typical chest symptom cluster), chest pain an
Smoking, 1 (%) sweating were predominant. This is similar to the “older/silent
None 63 (37.5) 36 (46.8) | 4 (25.0) | 0376 asymptomatic” reported by McSweeney et al. (30) and to the
Current 91 (54.2) 34 (44.2) | 10 (62.5) “classic symptoms” in the study by Lindgren et al. (31). The
Former 14 (8.3) 7.0 2 (12.5) cluster 1 is characterized by a high incidence of typical chest

Hypertension, n (%) 82 (48.8) 34(442) | 4(250) | 0176 symptoms in the previous studies (16, 30, 32, 33).

— : ] i . . .
Dyslipidemia, n (%) 2 (17.3) 17221 | 2(125 | 055 In cluster 2 (multiple symptom cluster), chest discomfortable
Diabetes mellitus, 7 (%) 27 (16.1) 16 (20.8) 4 (25.0) 0.435 . . L.

: and dyspnea were predominant. Cluster 2 in our study is similar
Obesity (body mass 15 (8.9) 9 (11.7) 0 0.419 « B B
index>28 kg/m?), 1 (%) to the “heavy symptom burden”, and “chest pain”, “shortness of
Diagnosis STEML, n (%) 114 (67.9) 51(66.2) | 13 (81.3) | 0.496 breath” and “sweating” were the main components in the study

NSTEMI, # (%) 54 (32.1) 26 (33.8) 3 (18.7) by Devon et al. (34). Cluster 2 was characterized by a high
New onset heart failure in 8 (48) 3(39) 0 1.000 prevalence of each symptom, including chest symptoms and
hospital, n (%)

: other symptoms.
History of 5 (3.0) 2 (2.6) 2 (12.5) 0.171 . Lo . .
revascularization, 1 (%) In cluster 3 (atypical symptom cluster), radiating pain, sweating
Combidity, 1 (%) and weakness/fatigue were predominant. The characteristics of

Coronary heart disease 9 (5.4) 3(3.9) 3(188) | 0.097 cluster 3 are in part similar to the “weary symptom” reported by

Atrial fibrillation 10 (6.0) 1(1.3) 2 (125) | 0.084 Rosenfeld et al. (33). Cluster 3 was characterized by a wide

Chronic heart failure 0 1033 0 0.356 variety of symptoms but no representative symptoms with a high

Cerebrovascular disease 15 (8.9) 8 (10.4) 1 (6.3) 0.934 .. ..

incidence, and a low incidence or absence of chest symptoms.
Peripheral arterial 1 (0.6) 0 0 1.000 X . .
disease Cluster 3 can lead to delays in seeking medical care due to the

COPD 1(0.6) 2 26) 163) | 0075 lack of typical chest pain symptoms and the inability of patients

Chronic kidney disease 1 (0.6) 0 1(63) | 0119 to recognize AMI symptoms in a timely manner or failing to

Anemia 7 (4.2) 4(5.2) 4(25.0) | 0.016 attribute them to cardiac disease (35-37).

Thyroid dysfunction 6 (3.6) 1(1.3) 2 (125 | 0.123 In this study, we found that in terms of the prevalence of

Malignancy 0 0 1(63) | 0061 symptoms, the presence of 8 of the 11 symptoms on the
Numbers of symptoms, 26+12 31+11 50+29 | <0.001 o . .

n (%) symptom assessment form was greater than 20% in patients with
Killip class>11, (%) 2 (250) 30 (39.0) 9(563) | 0003 AMI at the time of admission, with the prevalence of chest pain,
Types of coronary artery sweating, dyspnea, discomfort in the chest, nausea/vomiting, and

disease, 1 (%) radiating pain in descending order of prevalence, among which

Single-vessel disease 26 (15.5) 70D | 2025 | 0434 the prevalence of chest pain and cold sweating was greater

Multi-vessel disease 142 (84.5) 70 (90.9) 14 (87.5) than 50%.

Total hospital stay (days) 7.0+23 7.6+27 79+27 0.07

STEMI:ST-elevation myocardial infraction,NSTEMI:Non-ST-elevation myocardial
infraction.

statistical methods, but the number of symptoms comprising the
clusters was greater in the study by McSweeney et al. (30) than
in the present study. The reason for this is that the questionnaire

Frontiers in Cardiovascular Medicine

This is similar to the findings of Kim et al. Kim found that the
top 6 symptoms in terms of symptom prevalence in a survey of
STEMI patients at the time of hospital admission were chest
pain, sweating, dyspnea, nausea or vomiting, weakness radiating
pain and dizziness. The results of Kim’s study are almost
included in terms of symptom composition, but the difference is
that the symptoms of weakness and dizziness were ranked more
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highly in Kim’s study. The reason for this analysis is related to the
fact that the AMI patients investigated in this study included
NSTEMI patients, whereas the Kim investigations were all
STEMI patients, and when compared to the two, the STEMI
patients had large myocardial infarctions and were more prone
to arrhythmias, and therefore had weakness and dizziness as
their main manifestations.

Because of the existence of insufficient tissue perfusion in
STEMI patients, the body is in a state of ischemia and hypoxia,
so they show a state of weakness/dizziness, while NSTEMI
patients have a lower incidence of weakness/dizziness than
STEMI patients due to the longer duration of the lesion and the
prolonged presence of ischemia and hypoxia, which is somewhat
tolerated by the body.

In terms of comorbidities, the results in this study showed that
there were differences in anemia among patients with different
latent classes of AMI symptom clusters, and that patients with
anemia are more likely to fall into the atypical symptom cluster.
Anemia is a common comorbidity of AMI (38). Anemia
exacerbates coronary artery ischemia, reduces oxygen-carrying
capacity and myocardial oxygen consumption, and patients with
anemia have a low hemoglobin concentration and a decreased
ability of red blood cells to transport oxygen, which further
aggravates the originally damaged myocardial ischemia and
hypoxia, deforms cardiomyocytes, and receives a severe impact
on cardiac systolic and diastolic function. The symptoms of
weakness or fatigue and dizziness in the atypical symptom
cluster may be related to anemia.

The atypical symptom cluster had considerably higher Killip
class levels. Patients with higher Killip classification have more
severe heart failure and poor clinical performance, and it has
been shown that high Killip classification is an independent
predictor of mortality in STEMI and NSTEMI in previous study
(39). One explanation for this seems to be that patients with
atypical symptom clusters have atypical symptoms, which are
more likely to be delayed or misdiagnosed, resulting in more
severe heart failure and thus affecting the prognosis. This study
shows that atypical symptom clusters are predictors of whether
readmission occurs in AMI patients.

Atypical symptom cluster related with significantly higher risk of
readmission than typical chest symptom cluster and multiple
symptom cluster. The findings of Hwang et al. (40) found that
patients with the presence of atypical symptom clusters had the
highest incidence of major adverse cardiovascular events (MACE)
within 12 months. Hwang et al. (18) showed that the risk of death
within 1 year in patients with the presence of atypical symptom
clusters was 3.3 times. The results of related studies suggest that
atypical symptom clusters in AMI patients can seriously affect the
all-cause mortality of patients (11). The above findings suggest
that atypical symptom cluster is an significant predictor of poor
clinical outcomes in AMI patients, which may be related to the
lack of typical chest pain symptoms, affecting patients’ recognition
of the disease and leading to delayed access to medical care, which
in turn leads to a poor prognosis (11, 31, 41). Therefore, patients
with atypical symptoms on admission should not only be treated
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properly during hospitalization, but also should not be neglected
in post-discharge follow-up.

Patients with atypical symptom clusters are more likely to
experience delayed consultation or be misdiagnosed than those
with typical symptom clusters. Early recognition, diagnosis, and
treatment of the disease facilitates accelerated recovery and
shortens the duration of painful symptom, thereby improving
symptom experience. Thus, providing patients with awareness
and coping skills of AMI symptoms and symptom clusters is
conducive to symptom relief. David et al. (42) combined health
skill through  the
implementation of health education and skill development

education and development, and
interventions for females hospitalized for ACS, instructed the
patients in symptom monitoring and analysis, recognition of
symptom patterns and adoption of appropriate coping. The
effectiveness of this intervention was confirmed. This shows that
health education and skill development interventions can
improve the ability to recognize and respond to the symptoms
and symptom clusters of female patients with ACS, so that the
patients can receive effective diagnosis and treatment.

Traditional Chinese medicine (TCM) has been applied as a
symptom-relieving intervention for symptom management in
patients with ACS and has been shown to be effective. It has
been shown that auricular point pressure beans in combination
with acupoint has a relieving effect on symptom clusters related
to chest pain in patients with ACS (43). In the future, we can
link up with the Traditional Chinese medicine to explore its
long-term effect on symptom clusters.

Coronary artery disease is relatively costly to treat, may require
long-term medication, and carries a high healthcare burden for
patients. Therefore, the application value of the results of this
study in clinical care is to screen high-risk readmission patients,
and in the future, pre-discharge and post-discharge interventions
can be developed for high-risk readmission patients, including
medication use, self-management, follow-up, and monitoring of
patients’ disease progression, in order to enhance the quality of
life of the patients, to further reduce the rate of in-admission, to
reduce the burden of medical care for readmission, and to
provide a follow-up continuity of care and a rehabilitation
program ideas.

4.1 Limitations and suggestion

First, although the sample size is more than sufficient to meet
the needs of the study, only one hospital was selected, and the
hospital under investigation was a national cardiovascular hospital.
The diagnosis and service level of the hospital is high, and the
cooperation of the investigated patients is high, which has certain
special characteristics, and the sample still lacks sufficient
representativeness despite the fact that the investigated hospital’s
consultation area radiates the northwest region of China. There is
a problem of readmission rate bias, patients may have other
choices of medical treatment, which may underestimate the
readmission rate. It is suggested that future studies should expand
the sample size, select AMI patients from different levels of
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hospitals in different regions, and consider conducting relevant
international cooperative studies to compare the differences in
symptom clusters of AMI patients from different countries and
ethnic groups, in order to discover the pattern of change of
symptom clusters, and to help clinical nurses guide patients to
manage their symptoms in a more scientific way.

Secondly, the follow-up period was only 1 year after the
patients were discharged from the hospital, and future studies
may explore the symptom clusters at different time points after
discharge to clarify the trajectory changes of the symptom
clusters, which may suggest that we adopt different diagnostic
and therapeutic measures according to the different phases, in
order to improve the prognosis of the patients and enhance the
quality of survival.

Another limitation is that follow-up visits are conducted by
telephone, which has limitations in obtaining information about
the patient, mainly because of the subjectivity of the patient’s
answers. In the future, consideration will be given to
incorporating cell phone software in the form of self-assessment
of the patient under permissible conditions, or using remote
monitoring equipment to objectively and dynamically understand
the patient’s condition. In the future, remote network technology
can also be combined with symptom management strategies to
dynamically monitor patients’ symptoms in real time and analyze
subgroups of symptom clusters to help clinical caregivers identify
high-risk patients and provide targeted guidance.

Finally, latent class analysis is only a method of extracting
symptom clusters, and future research can use cluster analysis,
exploratory factor, symptom cluster subgroup analysis, and
compare the above methods, which is more in line with the
patient’s actual situation, with a view to helping clinical caregivers
to accurately grasp the patient’s symptom characteristics, so as to
implement targeted care measures.

5 Conclusions

We used latent class analysis to identify three potential
categories of AMI patients, which were typical chest symptom
clusters, atypical symptom clusters, and multiple symptom
clusters. Clinical data were collected on a total of 261 patients, of
whom 28 patients experienced unplanned readmission within
1 year, a readmission rate of 10.7%. Anemia and Killip’s
classification were the most important factors influencing the
potential categories of symptom clusters of the patients, and the
patients with atypical symptom clusters were at higher risk of
readmission within 1 year than the patients with other symptom
clusters. Healthcare providers can pay more attention to patients
with atypical symptom clusters, combining patients’ symptoms
with clusters for efficient and precise symptom management to
improve patients’ health outcomes. We recommended that future
longitudinal studies explore the symptom clusters at different
time points and clarify the trajectory of the symptom clusters, in
order to guide the healthcare providers to adopt different
diagnostic and therapeutic measures according to the different
stages to improve the prognosis of the patients.
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