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Impact of exercise-based cardiac
rehabilitation on cardiopulmonary function
and prognosis in ST elevation myocardial
infarction after PCl patients in extremely cold
regions
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Abstract

Purpose To evaluate the impact of exercise-based cardiac rehabilitation (CR) on the cardiopulmonary function and
prognosis in post-percutaneous coronary intervention (PCl) patients with ST elevation myocardial infarction (STEMI) in
extremely cold regions of China.

Methods This retrospective study included 2,162 patients diagnosed with STEMI who were treated at five medical
centers in extremely cold regions of China, between January 2020 and December 2023. All included patients
underwent emergency coronary angiography and PCl. Based on whether they received exercise-based CR,

patients were divided into a CR group and a non-CR group. To adjust for variations in initial risk factors and baseline
characteristics between patients who underwent CR or not, we employed the propensity score matching. Each
patient was matched in a 1:1 ratio with replacement. Patients who either participated in CR or did not, but could not
be adequately matched, were excluded from the study population. Patient information between the two groups was
systematically compared in hospital and at follow-up.

Results The rate of heart failure, re-hospitalization, and ventricular arrhythmia in CR group was significantly lower
than that in non-CR group. The left ventricular ejection fraction (LVEF) measured by echocardiography in CR group
were significantly higher than those in non-CR group. The cardiopulmonary test indicators for patients in CR group
showed significant improvement over one year, including Power, HR, VCO,, VO,, VE, VD/VT, PetCO,, CHO, CO, and SV, all
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with statistical significance. Multivariate COX regression analysis showed that CR was independently associated with
heart failure in follow up.

Conclusion Exercise-based CR effectively improves the recovery of cardiac function and prognosis in post-PCl
patients with STEMI in extremely cold regions of China.
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In the past, patients with acute myocardial infarction
(AMI) were typically mandated to remain on bed rest
and were prohibited from engaging in any physical activ-
ity. The traditional belief was that bed rest could reduce
postoperative complications and lower the risk of sudden
death and recurrent myocardial infarction [1]. However,
research has confirmed the harmful effects of prolonged
bed rest and the benefits of exercise for patients following
percutaneous coronary intervention (PCI). Subsequent
studies have further validated the effectiveness of cardiac
rehabilitation (CR) as an interdisciplinary and compre-
hensive approach [2]. The American Association of Car-
diovascular and Pulmonary Rehabilitation (AACVPR)
guidelines state that the components of CR include medi-
cal assessment, psychosocial evaluation, cardiovascular

counseling, and outcome assessment. Through compre-
hensive health management, which includes exercise,
medication, psychological support, risk factor control,
and nutrition, CR aims to improve patients’ quality of life,
with exercise training being the core component [3].

It is well known that the incidence of AMI is higher in
cold regions, as cold weather can lead to vasoconstric-
tion, increased blood pressure, and heightened cardiac
workload, thereby increasing the risk of AMI [4]. In these
cold regions, cardiac rehabilitation may have a positive
impact on AMI patients [5]. A structured CR program,
which includes exercise training, pharmacological treat-
ment, psychological support, and lifestyle interventions,
can help improve cardiac function, reduce the risk of
recurrent MI, and enhance quality of life and prognosis
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[6]. This multidisciplinary, integrated intervention strat-
egy is particularly beneficial for AMI patients living in
cold environments, helping them better cope with the
challenges cold weather poses to heart health.

This study was conducted at regional medical cen-
ters in extremely cold regions of China. The objective
of the study is to evaluate the impact of exercise-based
CR on cardiopulmonary function and prognosis in post-
PCI patients with ST elevation myocardial infarction
(STEMI).

Methods

Ethics statement

The research protocol was authorized by the local eth-
ics committee of each institution and was carried out in
accordance with the provisions of the Declaration of Hel-
sinki (Approval number is 2021 KL-001-01). All patients
provided written informed consent prior to participation
in this study.

Study design and populations

This retrospective study included a cohort of consecutive
patients diagnosed with STEMI who underwent primary
PCI at multiple institutions. These centers, all located
in extremely cold regions of China (Fig. 1), included
Heilongjiang Provincial People’s Hospital, the First and
Second Hospitals of Harbin Medical University, Harbin
Yinghua Hospital, and Hegang People’s Hospital. STEMI
diagnosis was made based on the presence of chest pain
lasting more than 30 min, along with one of the follow-
ing electrocardiographic (ECG) criteria: at least 2 mm
ST-segment elevation in two or more contiguous pre-
cordial leads, or at least 1 mm ST-segment elevation in
two or more contiguous limb leads, or the emergence of
a new left bundle branch block [7]. All patients who met
the diagnostic criteria for STEMI and underwent pri-
mary PCI at the above-mentioned medical centers were
included in this study. Exclusion criteria include:

(1) Development of severe ventricular arrhythmias,
cardiogenic shock, or New York Heart Association
(NYHA) class III or above heart failure during
hospitalization;

(2) Uncontrolled post-myocardial infarction angina,
unable to tolerate exercise training;

(3) Severe pulmonary infection during hospitalization,

unable to tolerate exercise training;

4) Stroke within the past six months;

5)Recent active internal bleeding;

6) Major surgery within the past three weeks;

7)Rheumatoid arthritis or other diseases causing

joint pain or deformity, unable to tolerate exercise
training;

(
(
(
(
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(8) Mental disorders or cognitive impairment, unable
to understand and cooperate with rehabilitation
professionals;

(9) Comorbid conditions such as malignant tumors,
chronic liver cirrhosis, chronic renal failure, or other
chronic wasting diseases.

The screening process involved 15,836 patients between
January 2020 and December 2023, who underwent emer-
gency coronary angiography and primary PCI. Patients
were divided into two groups based on their participa-
tion in CR: a CR group and a non-CR group. To account
for differences in initial risk factors and baseline charac-
teristics between these groups, we employed propensity
score matching. Each patient was matched in a 1:1 ratio
with replacement. Patients who could not be adequately
matched, regardless of their CR participation status, were
excluded from the study population. After matching,
the final study cohort consisted of 1,081 patients in each

group (Fig. 2).

Covariate characteristics included

To ensure the integrity of the data, any covariates
included in this study were required to have no more
than 25% missing values in the original dataset. The study
covered a range of patient demographic characteris-
tics, including age, sex, and medical history risk factors.
The medical history considered in the analysis included
conditions such as hypertension, diabetes, and smoking.
Absolute standardized differences (ASD) were employed
to facilitate a comparative analysis of the various charac-
teristics between on CR group and non-CR group [8, 9].
This approach was selected due to the considerable sam-
ple size, with an absolute standard deviation (SD) exceed-
ing 10% representing a practical significant difference in
variables between the two groups.

Match Processing

To adjust for variations in initial risk factors and base-
line characteristics between patients undergoing CR and
those not undergoing CR, we applied propensity score
matching. The propensity score was calculated using a
broad, non-interactive multivariable logistic regression
model to estimate each patient’s probability of receiv-
ing CR, based on the selected covariates. Patients who
received CR were subsequently matched 1:1 with those
who did not, using a logit-transformed propensity score
with a caliper limit of 0.03, allowing for replacement.
Patients who could not be adequately matched were
excluded from the study population. The final matched
cohort included 1,081 patients in each group (CR and
non-CR) (Fig. 2).
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v The geographic sites of the research centers involved in this study

Fig. 1 The medical centers for this study are in the extremely cold region of China

STEMI Patients Treated with CR after PCI
from 2021.01.01 to 2023.12.31 (n=2143)

Exclude: Missing Data in Propensity Score
Covariates (n=330)

v

Unmatched CR patients
(n=732)

Matched CR patients
(n=1081)

Fig. 2 Flowchart of study

In-hospital Cardiac Rehabilitation Training
All exercises should be performed under ECG and blood
pressure monitoring.

(1) Day 1-2 post-PCL First, inform the patient about the
necessity and safety of CR to gain their cooperation.
The patient may attempt to eat independently, while
relying on assistance for toileting and personal
hygiene. During the first two days, patients can
perform low-intensity exercises in bed. With the
help of a doctor or family member, they can practice
turning over. If tolerated, the patient can progress
to the next exercise: straight leg raises in the supine

STEMI Patients Treated with non-CR after PCI

from 2021.01.01 to 2023.12.31 (n=13693)

Exclude: Missing Data in Propensity Score
Covariates (n=2966)

Unmatched non-CR patients
(n=9646)

A

Matched non-CR patients
(n=1081)

position, lifting legs to a 30° angle. Upper limb
exercises can also be performed, raising both arms
towards the head while inhaling deeply, and lowering
them while exhaling. Perform 5 repetitions per set
for both exercises, once in the morning and once

in the afternoon. Exercise intensity should aim to
increase heart rate by about 10 beats/min compared
to resting rate.

(2) Day 3 post-PCI: Instruct the patient to perform

the bed exercises from the previous two days, then
attempt sitting at the bedside for 5 min and standing
for 5 min, twice daily. Patients can also try basic
self-care activities such as brushing teeth, washing
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face, and dressing. Exercise intensity should aim to
increase heart rate by about 10 beats/min compared
to resting rate.

(3) Day 4 post-PCI: After sitting and standing at the
bedside, the patient can warm up with slow in-place
walking, followed by slow walking at the bedside for
5 min, twice daily. Exercise intensity should aim to
increase heart rate by about 15 beats/min compared
to resting rate.

(4)Day 5 post-PCI: After sitting and standing at the
bedside, warm up with slow in-place walking,
followed by slow walking at the bedside for 10 min,
twice daily. Exercise intensity should aim to increase
heart rate by about 15 beats/min compared to resting
rate.

(5) Day 6 post-PCIL: Wearing a mobile ECG monitor,
after standing and marching in place to warm up, the
patient can walk slowly within the hospital room for
5 min, twice daily. Exercise intensity should aim to
increase heart rate by about 20 beats/min compared
to resting rate.

(6) Day 7 post-PCIL: Wearing a mobile ECG monitor,
after standing and marching in place to warm up, the
patient can walk slowly within the hospital room for
10 min, twice daily. Exercise intensity should aim to
increase heart rate by about 20 beats/min compared
to resting rate.

Before each exercise session, assess the patient’s symp-
toms and vital signs, inform them about the day’s activi-
ties and potential risks, and remind them to notify the
doctor immediately if they experience any discomfort.
A physician must accompany the patient throughout
the exercise, monitoring ECG indicators. Nurses should
have resuscitation equipment such as a defibrillator and
emergency medications like epinephrine ready in case of
emergencies. If the patient experiences chest pain, chest
tightness, difficulty breathing, or ECG abnormalities,
stop the exercise immediately and have the patient rest in
a seated position. If symptoms persist after 5-10 min of
rest, medical evaluation is needed to determine if phar-
macological intervention is necessary.

Typically, patients who have underwent PCI for AMI
are hospitalized for about 7 days. Before discharge,
patients should be reassessed, and risk stratification
should be performed based on symptoms to develop an
exercise plan for post-discharge rehabilitation [6].

Outpatient Cardiac Rehabilitation Exercise

After discharge, patients should primarily focus on aero-
bic exercises, with the freedom to choose their preferred
form of activity.
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(1) Within the first month post-discharge, exercise
intensity should be determined using the target heart
rate method. This involves increasing the heart rate
by 20—30 beats per minute above the resting rate (for
high-risk patients, the increase should not exceed
20 beats per minute). Patients should warm up for
5-10 min before exercising, aim for approximately
30 min of exercise time, and engage in these sessions
3-5 times per week.

(2)At 1-, 3-, 6-, and 12-month post-discharge, exercise
intensity should be adjusted based on the results of
cardiopulmonary exercise testing. Key parameters
to compare include oxygen uptake at the anaerobic
threshold and metabolic equivalents at the anaerobic
threshold. If patients experience discomfort during
exercise, such as chest tightness, chest pain, excessive
fatigue, shortness of breath, excessive sweating,
difficulty breathing, nausea, or vomiting, they should
immediately cease the activity. Heart rate and blood
pressure should be measured, and symptomatic
treatment provided. In severe cases, patients should
seek immediate medical attention at a hospital.
Exercise should only be resumed after the symptoms
have completely resolved, and at an intensity lower
than that which triggered the discomfort [6].

Cardiopulmonary Exercise Testing
Patients should be equipped with ECG monitoring and
wear a face mask. All patients will undergo the bicycle
ergometer protocol. First, the patient sits on the sta-
tionary bicycle while resting measurements of forced
expiratory volume and tidal volume are taken. Then, a
5-minute warm-up period is initiated at zero workload,
maintaining a pedaling rate of 50-60 rpm. Subsequently,
the workload is incrementally increased at a uniform rate
each minute, aiming to reach the predicted power output
calculated based on the patient’s height, weight, and age.
During the test, patients can assess their level of exertion
using the Rating of Perceived Exertion (RPE) scale. When
the patient’s RPE score reaches 15-16, the workload
increase should be stopped, even if the predicted power
output has not been achieved. Finally, a 5-minute cool-
down period at zero workload is required.

The test should be immediately terminated if any of the
following conditions occur:

(1) The patient experiences significant symptoms such
as chest tightness, angina, dyspnea, or leg fatigue
during the test.

(2) Abnormalities appear on real-time ECG monitoring,
including arrhythmias, ST-segment elevation or
depression greater than 0.05 mV, or second-degree
or higher atrioventricular block.
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(3) A sudden and significant decrease or increase
in blood pressure (more than 20 mmHg) during
exercise, or if blood pressure exceeds 180/100
mmHg.

In any of these cases, the test must be stopped immedi-
ately to ensure patient safety [10].

Definitions

In this study, patients with diabetes, hypertension, and
hyperlipidemia were independently diagnosed by two
independent physicians according to the diagnostic cri-
teria of today’s latest guidelines. Smokers were defined as
individuals who either continued to smoke or quit within
1 year. Major cardiovascular and cerebrovascular adverse
events (MACCE) included all-cause mortality, cardiovas-
cular death, re-infarction, target vessel revascularization
(TVR), heart failure, stroke, re-hospitalization, new onset
atrial fibrillation, ventricular arrhythmias, and atrioven-
tricular block (AVB) at follow-up.

Statistical analysis

Quantitative variables were expressed as mean
value £ SD, and qualitative variables were expressed as
total number and percentage. The independent two-sam-
ple t-test or one-way analysis of variance (ANOVA) with
post hoc Student Newman-Keuls test was used to assess
the differences between multiple sets of data. Categori-
cal variables were compared using either the Chi-square
test or Fisher’s exact test, as appropriate. To estimate sur-
vival status, the Kaplan-Meier (K-M) technique was uti-
lized, and the log-rank test was used to compare survival
distributions. To compare clinical outcomes between
groups, we performed statistical adjustments using Cox
hazards regression models. Statistical significance was set
at two-sided p-values of <0.05. All data cleaning and pre-
processing were conducted using the R software, version
4.3.2. All statistical analyses were performed using SPSS
version 26.0 (SPSS Inc., Chicago, IL, USA).

Results

The screening process involved 15,836 patients, among
whom 2162 were finally enrolled in the study between
January 2020 and December 2023. The ASD between the
matched groups were found to be <10% for all covariates.
There was no significant difference in the characteristics
of the two group’s baseline demographics (Table 1). Simi-
larly, no statistically significant differences were observed
in laboratory test results and echocardiographic charac-
teristics between the groups (Tables 2 and 3).

The characteristics of the two group’s MACCE in one-
year follow-up are shown in Table 4. The rate of heart fail-
ure (9.8% vs. 15.1%, P<0.001), re-hospitalization (19.7%
vs. 27.5%, P<0.001), and ventricular arrhythmia (10.4%
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vs. 16.7%, P<0.001) in CR group was significantly lower
than that in non-CR group. The left ventricular ejection
fraction (LVEF) measured by echocardiography at one-
year follow-up were shown in Fig. 3. The LVEF values
in the CR group were significantly higher than those in
the non-CR group (52.5% vs. 49.7%, P=0.002). The K-M
curves for heart failure and ventricular arrhythmia were
shown in Fig. 4.

The cardiopulmonary test indicators for patients in
the CR group showed significant improvement over the
course of one year, including Power (P<0.001), Heart
Rate (HR) (P=0.021), Carbon Dioxide Emission Vol-
ume (VCO,) (P<0.001), Oxygen Consumption Volume
(VO,) (P<0.001), Minute Ventilation (VE) (P=0.002),
Dead Space to Tidal Volume Ratio (VD/VT) (P=0.014),
End-Tidal Carbon Dioxide Partial Pressure (PetCO,)
(P=0.025), Percentage of Carbohydrate Metabolism
(CHO) (P=0.015), Cardiac Output (CO) (P=0.033), and
Stroke Volume (SV) (P=0.008), with all improvements
reaching statistical significance (Table 5). Multivariate
Cox regression analysis showed that CR (Hazard Ratio
[HR] =0.675, 95% confidence interval [CI]: 0.458-0.991,
P=0.035] was independently associated with heart fail-
ure in follow up (Table 6).

Discussion

According to the World Health Organization (WHO),
cardiovascular diseases are the leading cause of death
worldwide, with AMI being the most common and fatal
condition within cardiovascular diseases [11]. Despite
advancements in modern medicine, the incidence and
mortality of AMI have decreased in some developed
countries; however, globally, especially in developing
countries, the burden of AMI remains substantial [12].
Following the acute phase of a MI, while patients may
have survived the immediate life-threatening event, they
often face complications such as heart failure, arrhyth-
mias, and cardiac structural remodeling, which severely
impact their quality of life and survival [13]. Post-infarc-
tion complications not only increase the risk of death but
may also lead to long-term physical disabilities and men-
tal health issues, such as anxiety and depression. There-
fore, rehabilitation and management following a MI are
critical for improving patient prognosis [14].

The medical centers conducting this study are in
extremely cold regions of China. Studies have shown that
populations living in cold climates are at higher risk for
coronary artery disease (CAD) and have an increased risk
of developing AMI [15]. The mechanisms underlying this
increased risk primarily include cold environments caus-
ing vasoconstriction, which increases peripheral vascu-
lar resistance and raises blood pressure. This leads to a
greater burden on the heart, increasing myocardial oxy-
gen demand and subsequently raising the risk of CAD
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Table 1 Basic characteristics in patients

CR group Non-CR group P-value
(n=1081) (n=1081)

Age (years) 60.6+10.7 60.8+104 0.242
BMI (kg/mz) 231435 239432 0.565
Male, n (%) 811 (75.0) 791 (73.2) 0.351
Cardiovascular risk factors, n (%)

Current smoking 606 (56.1) 592 (54.8) 0574

Hypertension 522 (483) 505 (46.7) 0491

Hyperlipidemia 523 (48.4) 495 (45.8) 0.245

Type 2 DM 228(21.1) 211(19.5) 0.364
Killip class on admission

| 810 (74.9) 796 (73.6) 0522

Il 148 (13.7) 165 (15.3) 0.300

Il 88 (8.1) 78(7.2) 0.467

vV 35(3.3) 42 (3.9 0.486
Culprit lesion, n (%)

LAD 485 (44.9) 465 (43.0) 0410

LCX 312(28.9) 314(29.0) 0.962

RCA 284 (26.2) 302 (27.9) 0.384
Mean stents length (mm) 257471 253+5.7 0.643
Mean stents diameter (mm) 3.1+04 3.0+04 0314
|IABP 107 (9.9) 112 (10.4) 0.722
Medications at discharge, n (%)
Aspirin (100 mg, once a day) 1012 (93.6) 1016 (94.0) 0.772
Clopidogrel (75 mg, once a day) 681 (63.0) 713 (66.0) 0.164
Ticagrelor (90 mg, twice a day) 400 (37.0) 368 (34.0) 0.164
Atorvastatin (10 mg, once a day) or Rosuvastatin (5 mg, once a day) 1073 (99.3) 1079 (99.8) 0.065
Metoprolol (47.5 mg, once a day) or Bisoprolol (2.5 mg, once a day) 670 (62.0) 650 (60.1) 0.402
Benazepril (5 mg, once a day) or Valsartan (40 mg, once a day) 431(39.9) 433 (40.1) 0.965
Omeprazole (20 mg, twice a day) or Esomeprazole (40 mg, once a day) 299 (27.7) 310 (28.7) 0.633

Data are presented as mean +standard deviation or n (%). CR, cardiac rehabilitation; BMI, body mass index; DM, diabetes mellitus; LAD, left anterior descending
coronary artery; LCX, left circumflex coronary artery; RCA, right coronary artery; IABP, intra-aortic balloon pump; ACEI angiotensin-converting enzyme inhibitor;
ARB angiotensin receptor Il blocker

Table 2 Laboratory test Table 3 Echocardiographic characteristics
CR group Non-CR group P-value CR group Non-CRgroup  P-value
(n=1081) (n=1081) (n=1081) (n=1081)
Total cholesterol, mol/L 471+£1.14 447+1.06 0.220 LVEF, % 5331+£935 5251+6.67 0478
Triglyceride, mol/L 191+1.52 198+117  0.770 LVESD, mm 3133+£727  33.02+6.36 0377
LDL-cholesterol, mol/L 2.99+0.90 2.86+0381 0.395 LVEDD, mm 4717+£686  47.07+5.56 0.386
HDL-cholesterol, mol/L 1.28+0.43 1.16+028  0.074 Left atrial diameter, mm 34.09+599 3340+537 0.574
WBC,x10%/L 11.80+4.62 11.71+£370 0357 Degree of mitral regurgitation
Hemoglobin, g/L 13448+1892 137.12+£1874 0570 0 545 (504) 543 (50.2) 0932
Platelet,x10%/L 220.54+78.40 21889+53.75 0.729 1 78(7.2) 84 (7.8) 0.683
Creatinine, umol/L 85.76+20.36 8640+22.16  0.753 2 360 (33.3) 360 (33.3) 1.000
Uric acid, pmol/L 223.65+39.76 22458+3337 0.362 3 85(7.9) 80 (7.4) 0.746
hs-CRP, mg/L 1491+6.48 1440+£599 0880 4 13(1.2) 14(1.3) 1.000
Peak Troponin |, pug/L 14133 +14.67 15140+£16.14  0.767 Data are presented as meanzstandard deviation or n (%). CR, cardiac
Peak CK-MB, pg/L 2186442197 2131542259 0534 rehabilitation; LVEF, left ventricular ejection fraction; LVEDD, left ventricle end-

diastolic diameter; LVESD, left ventricle end-systolic diameter
NT-proBNP, pg/ml 1002.26+11056  1032.15+98.71 0224
Data are presented as meanzstandard deviation or n (%). CR, cardiac
rehabilitation; LDL, low-density lipoprotein; HDL, how-density lipoprotein;
WBC, white blood cell; hs-CRP, high-sensitivity C-reactive protein; CK-MB,
creatine kinase-MB; NT-proBNP, N-terminal pro-brain natriuretic peptide
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Table 4 One-year follow-up MACCE

CRgroup  Non-CRgroup  P-value

(n=1081) (n=1081)
All-cause mortality 70 (6.1) 81(7.5) 0.399
Cardiac death 44 (4.1) 57 (5.3) 0.221
Re-infarction 52(4.8) 59(5.5) 0.559
TVR 70 (6.5) 74 (6.8) 0.731
Heart failure 106 (9.8) 163 (15.1) <0.001
Stroke 101 (9.3) 105 (9.7) 0.770
Re-hospitalization 213(19.7) 297 (27.5) <0.001
New onset atrial fibrillation 123 (11.4) 135(12.5) 0427
Ventricular arrhythmia 112 (10.4) 181(16.7) <0.001
AVB 26 (24) 29 (2.7) 0.785

Data are presented as meanzstandard deviation or n (%). CR, cardiac
rehabilitation; AVB, atrioventricular block; MACCE, major cardiovascular and
cerebrovascular adverse events; TVR, target vessel revascularization

P =0.002

80~ |
~ 60+ T
=
L i
g 40 -
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0 T T
CR group Non-CR group

Fig. 3 Comparison of patients’ LVEF measured by echocardiography at
one-year follow-up. LVEF, left ventricular ejection fraction

[16]. Additionally, low temperatures can stimulate the
sympathetic nervous system, leading to increased heart
rate and further elevating cardiac workload. In cold cli-
mates, blood viscosity also increases, making blood flow
through the coronary arteries more difficult and pro-
moting thrombosis, which can result in coronary artery
blockage and trigger an AMI [17]. Residents of cold
regions often engage in less outdoor activity, have insuf-
ficient physical exercise, and may have dietary patterns
that are high in fat and calories, all of which increase the
risk of coronary heart disease [18]. Cold weather is also
associated with psychological issues, such as seasonal
affective disorder, which can elevate stress and anxiety-
factors that are considered risk factors for coronary heart

N
[=}
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disease and acute myocardial infarction [19]. Further-
more, the cold winter climate can increase the incidence
of respiratory infections, which may exacerbate cardio-
vascular strain and trigger cardiovascular events [20].

Based on the background outlined above, we con-
ducted a study on exercise-based CR for AMI patients in
extremely cold regions. The results of this study suggest
that CR training not only significantly reduced the inci-
dence of arrhythmias but also significantly improved car-
diac function parameters, such as LVEF. Additionally, the
incidence of MACCE in CR group was significantly lower
than in non-CR group. These findings indicate that CR
holds significant clinical importance for STEMI patients
in extremely cold regions. It not only serves as a comple-
ment to acute-phase treatment but also significantly
improves cardiovascular health during the rehabilitation
phase and reduces the incidence of cardiovascular events
in patients. These results underscore the effectiveness
and feasibility of implementing and promoting CR in
extremely cold regions to improve the prognosis of AMI
patients. CR has been shown to significantly reduce the
incidence of major adverse cardiac events (MACE) and
improve cardiac function in patients with cardiovascular
disease. A meta-analysis by Anderson et al. demonstrated
that CR participation was associated with a 20% reduc-
tion in all-cause mortality and a 26% reduction in cardio-
vascular mortality [5]. Furthermore, Dalal et al. reported
that CR programs led to improvements in exercise capac-
ity, quality of life, and psychological well-being [21]. In
terms of cardiac function, a study by Sadeghi et al. found
that CR resulted in significant improvements in left ven-
tricular ejection fraction and reduction in end-systolic
and end-diastolic volumes [22]. Additionally, Goel et al.
observed that CR participation was associated with a
lower risk of recurrent myocardial infarction and repeat
revascularization procedures [23]. These findings under-
score the importance of CR as a comprehensive interven-
tion for reducing MACE and enhancing cardiac function
in patients with cardiovascular disease.

The implications of these findings are twofold. Firstly,
CR programs should be more widely implemented in
clinical practice, especially in regions with harsh environ-
mental conditions that exacerbate cardiovascular risks.
The structured approach of CR, which includes exercise
training, medical assessment, and psychosocial support,
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Fig. 4 Survival analysis between two groups. (A) Heart failure; (B) Ventricular arrhythmia
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Table 5 Patients'cardiopulmonary test in cardiopulmonary rehabilitation group

1-month 3-month 6-month 12-month P-value
Power, watt 806+7.7 92.7+85 96.6+9.1 101.5+10.5 <0.001
HR, bpm 1396+80 1457+83 149.0+8.8 151.2+106 0.021
RR, 1/min 388+22 378+2.3 39.0+2.7 384+23 0.545
SBP. mmHg 157.2+10.6 15294101 1552496 1564+10.6 0.667
DBP, mmHg 97.0+6.5 946+6.7 959+6.5 978+7.0 0.752
VCO,, mL/min 1240.7+1884 1546.3+137.1 1747.2+165.5 18624+171.2 <0.001
VO,, mL/min 1108.6+169.9 1327.5+135.7 14475+163.0 15774+144.7 <0.001
VE, mL/min 62.7+17.7 675+169 69.2+19.2 718+16.2 0.002
Ti/Ttot 43.8+2.1 454427 47.1+£23 486+28 0.117
VDNT 20.1+09 171412 153+10 147+18 0.014
PetCO,, mmHg 326+18 364+2.1 37720 40.1+26 0.025
PetO,, mmHg 1154+£7.8 1138+7.2 113.0+6.2 110.7+£7.2 0.078
SpO,, % 98.0+1.0 978+1.1 98.1+1.0 98.0+1.1 0.787
CHO, % 80.6+3.6 86.2+4.6 89.7+4.9 924+6.2 0.015
FAT, % 39+06 3.1+£06 24+07 1.9+0.6 0.057
CO, L/min 58+0.7 64+1.1 70+1.0 7.8+09 0.033
SV, mL 558+54 584+7.2 615+64 64.7+6.6 0.008

Data are presented as mean+standard deviation or n (%). HR, heart beat; RR, respiratory rate; SBP, systolic blood pressure, DBP, diastolic pressure; VCO,, volume
of carbon dioxide emissions; VO,, volume of oxygen consumption; VE, minute ventilation; Ti/Ttot, inspiratory time to total breath time ratio; VD/VT, dead space to
tidal volume ratio; PetCO,, end-tidal carbon dioxide partial pressure; SpO,, oxygen saturation; CHO, percentage of carbohydrate metabolism; FAT, percentage of fat

metabolism; CO, cardiac output; SV, stroke volume

Table 6 Univariate and multivariate COX regression analysis for heart failure in follow up

Univariate Multivariate

HR (95% Cl) P-value HR (95% ClI) P-value
Age 1.007 (0.550-1.844) 0.381 - -
Male sex 1.320 (1.062-2.631) 0430 - -
Hypertension 1.118(0.775-1612) 0.551 - -
DM 1.262 (1.035-1.908) 0.027 1.242 (0.819-1.881) 0.307
Hyperlipidemia 1.159 (0.808-1.661) 0423 - -
Current smoking 1.050 (0.733-1.506) 0.790 - -
Anterior wall Ml 1.198 (1.178-1.218) 0.033 1.146 (1.089-1.314) 0.350
CR 0.653 (0.445-0.950) 0.026 0.675 (0.458-0.991) 0.035

HR, Hazard Ratio; Cl, Confidence Interval; DM, diabetes mellitus; MI, myocardial infarction, CR, cardiac rehabilitation

offers a comprehensive method to address the multifac-
eted needs of AMI patients during their rehabilitation
phase. Secondly, these findings call for more research
into the long-term effects of CR on patient outcomes in
such regions. Given the positive impact observed in this
study, further exploration into how environmental fac-
tors such as cold weather influence the efficacy of CR
could lead to more tailored and effective rehabilitation
strategies for AMI patients.

Future research should focus on multi-center, prospec-
tive studies to confirm the generalizability of these results
across different regions and populations. Additionally,
examining the role of CR in managing psychological
health, such as reducing anxiety and depression, could
help refine rehabilitation programs to address both the
physical and mental well-being of post-AMI patients.

Limitation

Our study has several limitations. First, the data were
collected from voluntary reporting hospitals, which may
have introduced a degree of selection bias. Second, this is
a retrospective study, which inherently carries limitations
related to the quality and accuracy of the data. Third,
as an observational analysis, despite rigorous statistical
adjustments, the potential for unmeasured confounding
remains, which may result in over-correction and unre-
liable estimates. Forth, the study only included patients
who were treated at five medical centers in extremely
cold regions of China, which may not be representative
of all populations, particularly those from other cold cli-
mates or urban centers with different healthcare infra-
structure. The impact of environmental factors, such as
cold exposure, on the patients’ recovery could also have
introduced variations that were not fully addressed in
the analysis. Finally, the mobility and exercise plan used
during hospitalization was relatively restrictive. This may
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have contributed to the long average length of hospital-
ization observed, as patients were subjected to physi-
cal limitations for several days post-infarction. Given
the higher incidence and poorer prognosis of AMI in
this cold region, a more conservative approach to CR
was adopted. However, we recognize that this conserva-
tive strategy may have affected the mobility and exercise
recovery of the patients. Future studies should consider
incorporating more flexible and progressive rehabilita-
tion strategies, especially as evidence on CR continues to
evolve.

Conclusion

This study shows that exercise-based CR improves car-
diac recovery and prognosis in post-PCI STEMI patients
in extremely cold regions of China. The CR group
had lower rates of heart failure, rehospitalization, and
arrhythmias, with better left ventricular ejection frac-
tion (LVEF) and cardiopulmonary exercise test results
over one year. These findings emphasize CR’s role in
enhancing long-term outcomes for STEMI patients in
cold climates, though further research is needed to assess
its effectiveness in different regions and optimize CR
programs.
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