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Abstract

Background The impact of exercise dosages based on American College of Sports Medicine(ACSM)
recommendations on lipid metabolism in patients after PCl remains unclear. This study conducted a meta-analysis of
reported exercise dosages from the literature to address this knowledge gap.

Methods A comprehensive search of databases was conducted to identify eligible randomized controlled studies of
exercise interventions in patients after PCl, following the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement. Based on the recommended exercise dosages from ACSM for patients with coronary
heart disease, exercise doses in the literature that met the inclusion criteria were categorized into groups that were
highly compliant with ACSM recommendations and those with low or uncertain ACSM recommendations. The topic
was the effect of exercise dose on lipid metabolism in post-PCl patients. This was assessed using standardized mean
difference (SMD) and 95% confidence intervals (95% Cl) for changes in triglycerides, total cholesterol, LDL, and HDL.

Results This systematic review included 10 randomized controlled studies. The subgroup analysis revealed
statistically significant differences in the high compliance with ACSM recommendations group for triglycerides
[SMD=-0.33 (95% (/-0.62, -0.05)], total cholesterol [SMD=-0.55 (95% C/-0.97,-0.13)], low-density lipoprotein [SMD=-
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0.31 (95% C1-0.49,-0.13)], high-density lipoprotein [SMD =0.23 (95% C/ 0.01, 0.46)], and body mass index [SMD=-0.52
(95% (C1-0.87,-0.17)]. Compared to the low or uncertain compliance with ACSM recommendations group, the high
compliance group exhibited significant differences in improving TC levels (-0.55, vs. -0.46,), HDL levels (0.23 vs.

0.22)), and BMI (-0.52; vs.-0.34 ).

Conclusions This study supports that high compliance with ACSM-recommended exercise dosages has significant
impacts on improving TC levels, HDL levels, and BMI. However, no advantage was observed for TG or LDL levels.

Keywords Exercise dosage, Exercise intervention, Coronary heart disease, Lipid metabolism, Exercise dosage,

Percutaneous coronary intervention

Introduction

Coronary heart disease (CHD) has garnered widespread
global attention due to its high morbidity and mortality
rates [1]. With approximately 15 million deaths attrib-
uted to CHD annually, CHD remains the leading cause
of death among various diseases. Percutaneous coro-
nary intervention (PCI), characterized by its high safety,
minimal invasiveness, and rapid recovery, has emerged
as a crucial method for myocardial reperfusion in CHD
patients [2]. Nevertheless, patients remain at risk of in-
stent restenosis following the procedure [3]. Although
the exact mechanisms underlying ISR have not been fully
elucidated, research suggests that various factors, includ-
ing exercise [4], lipid metabolism disorders [5], and stent
diameter and type, may contribute to in-stent restenosis
occurrence [6].

Lipid metabolism disorders, as pathological conditions,
can damage vascular endothelial cells, thereby affecting
the effectiveness of revascularization and increasing the
risk of major adverse cardiovascular events (MACEs) in
PCI patients [7]. Several indicators are typically moni-
tored to assess the lipid metabolism status: total choles-
terol (TC), triglycerides (TG), low-density lipoprotein
cholesterol (LDL), and high-density lipoprotein choles-
terol (HDL).Serum TC. TG and LDL are also associated
with the formation of new atherosclerotic plaques in the
stent and that the ratio of serum triglycerides to LDL/
HDL is an independent predictor of the development of
atherosclerosis [8—10]. Therefore, lipid-lowering therapy
is considered an essential strategy for reducing recurrent
vascular events in PCI patients [11-14].

Previous studies have explored the role of physical
activity as a nonpharmacologic intervention for cardio-
vascular disease in modulating lipid profiles. A study
concluded that prolonged exercise is related to improved
TC, LDL, TG, and HDL levels [15]. However, the effec-
tiveness of exercise depends not only on the specific type
of exercise but also on the degree of exercise stimulation.
Typically, the concept of the exercise Dosage is utilized
to quantify this stimulus level [16]. Studying the Dos-
age-response relationship between exercise and execu-
tive function can reveal differences in the impacts of

various exercise modalities, durations, and intensities on
patients’ executive function [17].

Currently, the impact of exercise on lipid metabolism
remains incompletely understood [18, 19], and contradic-
tory results have been reported regarding the relation-
ship between the exercise Dosage and lipid metabolism.
Some studies suggest that the exercise Dosage is effec-
tive at modifying TC, TG, HDL, and TG levels [20, 21].
However, others have found that the exercise Dosage
has minimal impacts on TC and LDL levels [22]. Given
the crucial role of the exercise Dosage in treatment, it is
an indispensable component of any exercise therapy. A
deeper understanding of the relationship between the
Dosage and treatment outcomes is crucial for enhancing
patients’ health benefits. Nevertheless, the lack of formal
statistical comparisons of exercise dosages limits the con-
clusions that can be drawn. Based on the aforementioned
considerations, this study used a meta-analysis method
to determine the effect of the exercise Dosage on lipid
metabolism in patients undergoing PCIL.

The ACSM has developed exercise prescriptions for
healthy adults that include recommended dosages of aer-
obic, resistance, and flexibility exercise for PCI patients
[23], which are shown in Table 1.In accordance with the
ACSM guidelines, the present systematic evaluation was
designed to compare the effects of high adherence to
exercise dosages versus those of low or indeterminate
adherence to exercise dosages on lipid metabolism in
patients postoperating for PCI.

Methods

This study was conducted in compliance with the Pre-
ferred Reporting Items for Systematic Evaluation and
Meta-Analysis (PRISMA) guidelines and is registered in
PROSPERO (CRD42024520086).

Search strategy

The researchers searched the PubMed, Embase, Web of
Science, and Cochrane English databases. The search
timeframe encompassed the inception of these databases
up to January 2024. The following search terms were
used: (“percutaneous coronary intervention” or “PCI”
or “percutaneous coronary revascularization”) AND
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Table 1 ACSM exercise recommendations for PCl patients
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Exercise dosage Cardiorespiratory exercise

Resistance exercise

Flexibility exercise

Frequency 3 days per week

Moderate intensity;50-60%VO?R;
64-76%HRmax; RPE of12-13 ona 6-20 1RM
scale

Intensity/workload

Duration Continuous or cumulative 30 min

2-3 days per week
Start with 40-50% 1RM, more capable with 60-70%
Starting with one set of 8-12 repetitions, increase to

two sets after about 2 weeks. Perform no more than
8-10 exercises per session.

More efective on >2-3
days per week, daily
Stretch until you feel your
muscles being pulled
tight or a slight discomfort
Static stretching held for
10-30's, repeated 2-4
times.

HRmax, maximal HR; VO2R, oxygen uptake reserve; RPE, rating of perceived exertion; TRM, one repetition maximum

(“exercise” or “physical activity” or “physical training”).
The detailed search strategies are provided in Appendix
1.

Study selection criteria

The inclusion criteria were as follows: (a) studies were
randomized controlled trials; (b) participants were
patients who had undergone PCI; (c) intervention mea-
sures: the experimental group received any type of
exercise, while the control group received no exercise
intervention; and (d) given the association between a
higher body mass index (BMI) and unfavorable lipid
levels, as well as the role of increased adipose tissue in
disrupting lipid metabolism [24], the primary outcomes
measured in this study included TG levels, TC levels,
HDL levels, LDL levels, and BMI.

The exclusion criteria were as follows: (a) the interven-
tion or control group included other surgical or pharma-
cological interventions as part of the study; (b) studies
with ambiguous outcome measures, missing data, and
unobtainable data through contact with the authors; and
(c) duplicate publications, conference abstracts, and arti-
cles without full-text access.

Two researchers independently reviewed the literature
for inclusion and exclusion criteria, verified the results,
and resolved any discrepancies through discussion or
consultation with a third researcher.

Data extraction
The data were extracted from the included studies by
two authors independently. The primary outcomes were
changes in TG, TC, HDL, and LDL levels, while the sec-
ondary outcome was BMI. The relevant data, including
the first author, year of publication, country, sample size,
age, intervention frequency, exercise intensity, dura-
tion, and type of exercise, were extracted from the Excel
records. If the data were presented graphically, Engauge
Digitizer 11.3 software was used to extract the numeri-
cal values. In cases where studies reported multiple
follow-up results, only the longest follow-up data were
extracted.

The exercise dosage was assessed according to the rec-
ommendations of the ACSM for the development and

maintenance of heart, lung, muscular, skeletal, and neu-
rological capabilities in individuals with CHD [23]. Two
authors independently assessed the exercise interven-
tion measures to evaluate compliance with the recom-
mended exercise dosage (Table 1). Disagreements were
resolved through deliberation or consultation with a
third researcher. The scoring system ranged from 0 to 2
for each exercise metric, where 2 indicated full compli-
ance with the standards, 1 indicated uncertain compli-
ance, and 0 indicated noncompliance. According to this
scoring system, the percentage of studies that complied
with the ACSM-recommended exercise dosage was cal-
culated. A high level is defined as 270% compliance with
ACSM recommendations, and a low or uncertain level of
compliance is defined as <70% compliance with ACSM
recommendations.

Quality evaluation

The quality of the research methods used was assessed by
two sets of authors using the quality assessment criteria
recommended by the Cochrane Collaboration [25] for
randomized controlled trials that met the inclusion crite-
ria. The Cochrane risk of bias tool (Rob 2) [26], a revised
version of the Cochrane tool, was used for this pur-
pose. The evaluation encompassed six domains: random
sequence generation, allocation concealment, blinding of
participants and personnel, blinding of outcome assess-
ment, incomplete outcome data, and selective reporting
[27]. Disagreements were resolved through deliberation
or consultation with a third researcher.

Statistical analysis

The statistical analysis was conducted using RevMan
5.4.1, with the standard mean difference (SMD) employed
as the effect indicator. The Higgins I statistic was utilized
to assess the statistical heterogeneity of the studies [28].
According to the principles for the selection of fixed-
effects and random-effects models [29], the fixed-effects
model was considered more applicable when the treat-
ment effects were the same across studies and heteroge-
neity was small ([*values<50% and P>0.1). If there were
differences in treatment effects and high heterogeneity
(IZ 50% and P<0.1), a random effects model was used.
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In the statistical analysis, the studies were categorized
into two groups: a group with high adherence to ACSM
recommendations and a group with low or uncertain
adherence. A descriptive analysis was used to identify
sources of heterogeneity, and Begg’s test, and Egger’s test
were employed to evaluate publication bias, with P<0.05
considered to indicate statistical significance. In addition,
sensitivity analyses were conducted to assess the robust-
ness of the findings by excluding each study.

Results

Study selection

A total of 2808 articles were identified from four Eng-
lish databases: PubMed (n=454), Embase (#=521), Web
of Science (n=1038), and Cochrane (#=795). After
removing duplicates and a careful analysis of the titles
and abstracts, A total of 237 articles were considered
potential candidates. Additionally, After reading these
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full texts, six additional studies were added through
references. Finally, 10 suitable articles [4, 30-38] were
included in the study after a thorough full-text review
(Fig. 1).

Characteristics of the studies

A total of 10 randomized controlled trials including
859 participants (428 in the intervention group and 431
in the control group) were included. Five studies were
conducted in China, two in South Korea, and one each
in Sweden, Norway, and Italy. The participants ranged
in age from 53 to 70.3 years. The intervention duration
ranged from 5 weeks to 12 months, and the exercise
frequency ranged from 2 to 7 days per week. Ten stud-
ies investigated aerobic exercise dosages, two focused
on resistance exercise dosages, and four examined flex-
ibility exercise dosages (Table 2). TG, TC, and LDL mea-
surements were reported in seven studies involving 685

S Records identified
B ; Additional recordsidentified
= throughdatabase searching T
5 (N=2808) E :
prm—
A
Duplicates removed{n=804)
o
= 4
e
g Records screened{n=2010) ——» Records excluded{n=1773)
17)
Full-text articles assessedfor ——»
eligibility(n=237) Full-text articles excluded with
reasons{n=227):
y Not meeting outcomes included
—— in this review (n=99 )
Studies included inqualitative Not Meeting interventions
synthesis{n=10) included in this review
{n=34)
54
= Not RCTs {n=17)
= A Incomplete data{n=28)
= Studies included inquantitative Articles in meeting {n=49)
synthesis
{meta-analysis)
[n=10)

Fig. 1 Flow diagram of the literature selection process
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Table 2 Characteristics of the studies included in the meta-analysis

Author Country  Year Population Age(mean+SD) Total/male/female Intervention Control Outcome
chen[30] China 2020 AMI T:59.98(10.86) T:43/29/14 Baduanjin, Stan- BMI
C:61.49(11.54) C:39/30/9 Length of Interven-  dard
tion: 10 months care
Freq: 2 times a day
Duration:
100-120 min
LiuX[311  China 2022 CHD T:64.11(8.08) T:46/34/12 Walking training, Usual-  BMI. Lipid
(:59.98(7.69) C:49/37/12 Length of Interven-  care profiles(TGy LDL. HDL. TQ)
tion: 12 weeks treat-
Freg: unclear ment
Duration: unclear
Xiao [32] China 2021 AMI T:60.2 (9.2) T:82/61/21 Walking training OR  Usual-  BM, Lipid
(C:58.7(8.8) (C:82/64/18 Cycling training, care profiles(TGy LDL. TQ)
Length of Interven-  treat-
tion: 12months ment
Freq:3-5 times a
week
Duration:50-60 min
Lee [33] Korea 2012 AMI T:NA T:22/NA/NA Walking training Usual-  Lipid
C:NA C:24/NA/NA plus Flexibility care profiles(TG. LDL. HDL. TQ)
training, treat-

Length of Interven-  ment
tion: 12weeks

Freq:5 times a week
Duration:50 min

Lee HY Korea 2013 AMI T:58.8 (10.8) T:37/30/7 supervised exercise  Usual-  Lipid

[34] C:60.3(8.7) C:39/24/15 Under prescription  care profiles(TG. LDL. HDL. TC)
plus community- treat-
based and self- ment

managed exercise,
Length of Interven-
tion:42 weeks
Freq:3times a week
Duration:50 min

Astengo  Sweden 2010 stable angina T:62 (7) T:28/20/8 Cycling training Usual-  Lipid
[35] C65 (8) C:28/24/4 plus resistance care profiles(TG. LDL. HDL. TQ)
training, treat-

Length of Interven-  ment
tion: 6months
Freq:>2 times a

week
Duration:>30 min

Belardinelli Italy 2001 CHD T:53(11) T:59/49/10 Cycling train- Usual-  BMI, Lipid

[36] C:59(10) C:59/50/9 ing plus Flexible care profiles(TG. LDL. HDL. TQ)
training, treat-

Length of Interven-  ment
tion: 6months

Freq:3 times a week
Duration:50 min

Munk [4] Norway 2009 CHD T:57 (14) T:20/17/3 High-intensity Usual-  BMI
C61(10) C:20/16/4 interval train- care
ing plus Flexible treat-
training. resistance ment
training

Length of Interven-
tion: 6months
Freq:3 times a week
Duration:60 min
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Table 2 (continued)
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Age(mean+SD) Total/male/female Intervention

Control Outcome

Author Country  Year Population

Zhang [37] China 2018 AMI T.703(10.7) T:65/59/6
C:69.8(10.4) C.65/54/11

Xu [38] China 2016 AMI T:55.8(9.7) T:26/22/4
C:55.6(8.9) C:26/22/4

community-based  Usual-  BMI, Lipid
training, care profiles(TG. LDL. TC)
Length of Interven-  and

tion: 6months con-

Freq:2 times a week ven-
Duration:15-50 min  tional

Walking train- Usual-  BMI

ing plus care

jogging. Flexible  treat-

training, ment

Length of Interven-

tion: 5 weeks

Freg: unclear
Duration:30 min

Note Unless stated otherwise, the figures represent averages (SDs). NR, not reported; T, experimental group; C, control group; BP, blood pressure

DI
chen2020
Liu2022
"Xiao2021
"Lee2012
"Lee013
Astengo2010
Belardinelli2001
Munk2009
Zhang2018
Xu2016

% - (=]
~9000-~000- - &

Domains:

D1:Randomization process

D2:Deviations from intended interventions
D3:Missing outcome data
D4:Measurement of the outcome
D5:Selection of the reported result
D5:Selection of the reported result

Fig. 2 Graph showing the risk of bias of the included studies

participants. Five studies provided HDL data for 391 par-
ticipants, and BMI data were reported in seven studies
encompassing 681 participants.

Risk of bias assessment

Five studies were classified as having a low risk of bias for
the expected intervention measures. However, five stud-
ies deviated from the intended intervention groups due
to participants’ awareness of their allocation. The num-
ber of people who participated in the study after the
intervention was largely symmetrical or consistent with
that at baseline, and only three studies employed blind
assessors for outcome evaluations. Overall, two studies

risk of bias domains

D5

0--0---0005
0000000000
eleecel lecee

Judgement

Low risk

Some concerns
High risk

."\"

exhibited a low risk of bias, one study carried a high risk
of bias, and seven studies were categorized as having an
uncertain risk of bias (Figs. 2 and 3).

Compliance with the acsm recommendations

Seven studies demonstrated a compliance rate of >70%
with the ACSM recommendations, while three studies
exhibited a compliance rate of <70% (Table 3). This lower
compliance was primarily attributed to mismatches
between the exercise dosages and the ACSM recom-
mendations, as well as a lack of necessary assessment
information. The ACSM compliance rates across various
outcome measures were as follows: Among studies using
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As percentage (intention-to-treat)

Overall Bias

Selection of the reported result
Measurement of the outcome

Mising outcome data

Deviations from intended interventions

Randomization process

Low risk ~ Some concerns B High risk
Fig. 3 Graph showing the risk of bias assessment for the included RCTs
Author, ., ., R X R e R ACSM
Cardiorespiratory exercise Resistance exercise Flexibility exercise A
year compliance
Frequency Duration Freq Rep Sets Frequency Intensity/ Duration Point  Percen
Intensity/Workload
( days/week) (min) ( days/week) Workload (times) (group) ( days/week) Workload (min) s t (%)
Chen
>3-5 © NR [} 30 © 5/6 83
MG.2020
Liu X.2022 NR €] NR €] NR © 12 50
Xiao
3-5 © 65-80%HRmax © 50 © 6/6 100
M.2021
LeeY.
2013 5 © 40-80%HRmax © 50 © 5 © NR €] NR © 912 75
Lee
3 © 50-80% VO’R  © 60 © 6/6 100
HY.2012
Astengo
5 © 70%VO*R © >30 © NR e NR © NR © NR O 10/14 71
M.2010
Belardinell
3 © 60%VO’R © 30 © NR €] NR €] NR © 912 75
iR.2001
Munk
3 © 60-90%HRmax © 60 © 3 © NR e NR ©®© NR © 3 © NR ) NR © 14/20 70
PS.2009
Zhang 2-5 €} RPE:12-16 © 1550 © 4/6 66
Y2018
XuL.2016 NR ] RPE:4-5 ® 30 © NR ® NR €] NR © 612 50

Table 3 Assessment of ACSM compliance

TG as an indicator, five exhibited high ACSM exercise
compliance, while two showed lower or uncertain com-
pliance. Similarly, for TC levels, five studies reported
high ACSM compliance, and two studies reported lower
or uncertain compliance. For LDL levels, five stud-
ies reported high ACSM compliance, and two studies

reported lower or uncertain compliance. Regarding HDL
levels as an indicator, four studies reported high ACSM
compliance, and one study reported lower or uncertain
compliance. For studies using BMI as a measure, four
studies had higher ACSM compliance, and three studies
exhibited lower or uncertain compliance.
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Meta-analysis

Triglycerides

Seven studies reported the correlation between TG levels
and exercise. The heterogeneity test showed an I of 59%
with a P value<0.05, indicating the presence of heteroge-
neity; thus, a random-effects model was employed for the
analysis. The meta-analysis revealed a significant reduc-
tion of 0.41 mmol/l in triglyceride levels in the interven-
tion group compared to the nonexercise group (95% CI:
-0.66, -0.17; P<0.05). Studies were grouped based on
their compliance with the ACSM-recommended exercise
dosages to further explore the effect. Among these stud-
ies, five studies displayed high compliance with ACSM
recommendations, and the results showed a significant
reduction of 0.33 mmol/l in triglyceride levels (95% CI:
-0.62, -0.05; P=0.02). The other two studies exhibited low
or uncertain compliance with ACSM recommendations,
and the intervention group had a significant reduction of
0.60 mmol/l in triglyceride levels compared to the con-
trol group (95% CI: -1.15, -0.05; P=0.03) (Fig. 4). Begg’s
test (P=0.024) and Egger’s test (P=0.030) confirmed the
presence of publication bias. The sensitivity analysis con-
firmed the robustness of the study results (Fig. 9).

Total cholesterol

Seven studies reported the correlation between TC lev-
els and exercise. Heterogeneity testing yielded an I of
82% with a P value<0.001, indicating significant hetero-
geneity; thus, a random effects model was used for the
analysis. The meta-analysis revealed a significant reduc-
tion of 0.52 mmol/l in total cholesterol levels in the inter-
vention group compared with the nonexercise group
(95% CI: -0.89, -0.15; P<0.05). Grouping the studies
based on compliance with ACSM-recommended exer-
cise dosages revealed that among the five studies with
high compliance, a significant reduction of 0.55 mmol/l
in total cholesterol levels (95% CI: -0.97, -0.13; P=0.01)
was observed. The two studies with low or uncertain
compliance did not show a significant reduction in total
cholesterol levels (95% CI: -1.47, 0.55; P=0.37) (Fig. 5).

High adherence with ACSM guidelines Low or uncertain adherence with ACSM

Study or Subaroup Mean SD Total Mean

Total Weight
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Additionally, Begg’s test (P=0.176) and Egger’s test
(P=0.094) did not confirm significant publication bias.
The sensitivity analysis confirmed the robustness of the
study results (Fig. 9).

Low-density lipoprotein

Seven studies reported the correlation between LDL lev-
els and exercise. Evaluating the same treatment effects in
the included studies and heterogeneity testing showed an
P of 17% with a P value>0.005, indicating low heteroge-
neity; thus, a fixed-effects model was employed for the
analysis. The meta-analysis revealed a significant reduc-
tion of 0.37 mmol/l in LDL levels in the intervention
group compared to the nonexercise group (95% CI: -0.52,
-0.22; P<0.05). When grouped based on compliance with
ACSM-recommended exercise dosages, the five stud-
ies with high compliance showed a significant reduc-
tion of 0.31 mmol/l in LDL levels (95% CI: -0.49, -0.13;
P=0.001). The two studies with low or uncertain compli-
ance exhibited a significant reduction of 0.50 mmol/l in
LDL levels (95% CI: -0.77, -0.24; P=0.0002) (Fig. 6). Addi-
tionally, Begg’s test (P=0.051) and Egger’s test (P=0.127)
did not confirm significant publication bias. The sensitiv-
ity analysis confirmed the robustness of the study results
(Fig. 9C).

High-density lipoprotein

Five research reports explored the correlation between
HDL levels and exercise. Heterogeneity testing revealed
an I value of 0.0% with a P value greater than 0.005,
indicating homogeneity across studies. Therefore, a
fixed-effects model was employed for the analysis. The
meta-analysis indicated a significant increase of 0.23
mmol/l in HDL levels in the intervention group com-
pared to the nonexercise group (95% CI: 0.03, 0.43;
P<0.05). Further grouping based on compliance with the
ACSM-recommended exercise intervention dosages was
conducted. Among these reports, four studies reported
high compliance with ACSM recommendations, with a
significant increase of 0.23 mmol/l in HDL levels (95%

Std. Mean Difference
IVV. Random, 95% C1

Std. Mean Difference
IV, Random. 95% C1

1.2.1 High adherence with ACSM guidelines
Astengo 2010 1.6 5.7 28 1.38 a7 23

Belardinelli 2001 155 41 59 189 58 58
Lee 2012 127.95 47.3 22 12225 3582 24
Lee HY 2013 4.67 0.32 a7 4.81 0.48 38
Xiao M 2021 87.4 62 82 132.8 70.8 a2
Subtotal (95% Cl) 228 232

Heterogeneity. Tau®= 0.06; Chi*= 8.73, df= 4 (P = 0.07); F= 54%
Test for overall effect: Z=2.28 (P = 0.02)

1.2.2 Low or uncertain adherence with ACSM

Liux 2022 1.3 07 46 1.58 1.03 49
ZhangY 2018 0.94 027 13 1.84 1.42 65
Subtotal (95% Cl) 111 114
Heterogeneity: Tau®= 0.12; Chi*= 4.15, df=1 (P = 0.04); F=76%

Test for overall effect: Z=2.14 (P = 0.03)

Total (95% CI) 339 346 100.0%

Heterogeneity: Tau®= 0.06; Chi*=14.81, df=6 (P=0.02); F= 59%
Test for overall effect: Z= 3.30 (P = 0.0010)
Testfor subaroun differences: Chi*=0.72. df=1 (P = 0.40). F= 0%

Fig. 4 Forest plot of the effect of the exercise dosage on TG levels
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Fig. 9 Sensitivity analysis of the meta-analysis of the effect of the exercise dosage on TG levels, TC levels, LDL levels, HDL levels, and BMI

CI: 0.01, 0.46; P=0.04). Conversely, one study reported
low or uncertain compliance with ACSM recommenda-
tions, revealing a nonsignificant increase of 0.22 mmol/l
in HDL levels (95% CI: -0.18, 0.63; P=0.28) (Fig. 7).
Additionally, both Begg’s test (P=0.327) and Egger’s test
(P=0.277) confirmed the absence of significant publica-
tion bias. The sensitivity analysis further corroborated
the robustness of the study findings (Fig. 9).

Body mass index

Seven research reports examined the correlation between
BMI and exercise. Heterogeneity testing yielded an I?
value of 68% with a P value less than 0.05, indicating het-
erogeneity across studies. Therefore, a random-effects
model was employed for the analysis. The meta-analysis
revealed a significant decrease of 0.44 mmol/l in BMI
in the intervention group compared to the nonexercise
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Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight
2.1.1 High adherence with ACSM guidelines

Astengo 2010 4.1 37 28 4.25 4 28 131%
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Yiao M 2021 139.2 308 82 1701 348 82 157%
Subtotal (95% CI) 228 232 70.1%
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Test for overall effect Z= 2.58 (P = 0.010)

2.1.2 Low or uncertain adherence with ACSM
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Heterogeneity. Tau?= 0.49; Chi*= 13.77, df=1 (P = 0.0002); F=93%

Testfor overall effect: Z= 0.90 (P = 0.37)

Total (95% ClI) 339 346 100.0%

Heterogeneity: Tau®= 0.20; Chi*= 32.75, df= 6 (P < 0.0001); F=82%
Testfor overall effect: Z= 2.76 (P = 0.006)
Testfor subaroun differences: Chi*=0.03. df=1 (P=0.87). F=0%

Fig. 5 Forest plot of the effect of the exercise dosage on TC levels
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Fig. 6 Forest plot of the effect of the exercise dosage on LDL levels

High adherence with ACSM guidelines Low or uncertain adherence with ACSM

=

3 E
High adherence with ACSM guidelines Low or uncertain adherence with ACSM

Std. Mean Difference Std. Mean Difference

Study or Subaroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% C1
4.2.1 High adherence with ACSM guidelines

Astengo 2010 1.29 1.6 28 1.4 1.8 28 145% -0.06 [-0.58, 0.46] T
Belardinelli 2001 392 18 59 32 28 53 301% 0.31 [-0.05, 0.69] i
Lee 2012 4012 5.83 22 39.17 7.76 24 11.8% 0.14[0.44,0.71] A
Lee HY 2013 3.76 0186 a7 368 0.23 39 19.2% 0.40 [-0.08, 0.85] T
Subtotal (95% Cl) 146 150 75.6% 0.23[0.01, 0.46] >
Heterogeneity: Chi*= 2.04, df= 3 (P = 0.56); F= 0%

Test for overall effect: Z=2.01 (P = 0.04)

4.2.2 Low or uncertain adherence with ACSM

Liux 2022 1.27 033 46 1.2 028 49 24.4% 0.22[-0.18,0.63] =
Subtotal (95% Cl) 46 49 24.4% 0.22[-0.18, 0.63] -
Heterogeneity: Not applicable

Test for overall effect: Z=1.08 (P = 0.28)

Total (95% CI) 192 199 100.0% 0.23[0.03, 0.43] &>
Heterageneity Chi*= 2.04, df= 4 (P= 0.73); F=0% t } i

Testfor overall effect: Z=2.28 (P =0.02)
Test for subaroun differences: Chi*= 0.00. df=1 (P = 0.98). F= 0%

Fig. 7 Forest plot of the effect of the exercise dosage on HDL levels

group (95% CI. -0.72, -0.17; P<0.05). Grouping based
on compliance with the ACSM-recommended exercise
intervention dosages was also conducted. Four of these
studies reported high compliance with ACSM recom-
mendations, showing a significant decrease of 0.52
mmol/l in BMI (95% CI: -0.87, -0.17; P=0.004). Three
studies reported low or uncertain compliance with
ACSM recommendations, showing a nonsignificant
decrease of 0.34 mmol/l in BMI (95% CI: -0.87, 0.20)
(Fig. 8). Additionally, both Begg’s test (P=0.099) and Egg-
er’s test (P=0.189) confirmed the absence of significant
publication bias. The sensitivity analysis further corrobo-
rated the robustness of the study findings (Fig. 9E).

- 2 2
High adherence with ACSM guidelines Low or uncertain adherence with ACSM

Discussion

Studies have indicated that abnormal lipid metabolism is
a primary factor influencing restenosis in revascularized
coronary arteries [39]. Among these lipids, LDL is a cru-
cial protective factor for atherosclerosis and cardiovascu-
lar diseases. For every 1 mmol/L reduction in the level of
this indicator, a 20% reduction in the need for revascu-
larization surgery and a 10% reduction in mortality have
been reported [40]. HDL is a primary factor inducing
atherosclerosis and is often accompanied by increased
TG and LDL levels [41]. The TG/HDL ratio also plays a
crucial role in the occurrence of ISR post-PCI [42]. Both
the American Heart Association and the American Col-
lege of Cardiology have recognized that am increased
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Fig. 8 Forest plot of the effect of the exercise dosage on BMI

BMI strongly correlates with increased incidences of
MACE and heart failure. Obesity has been identified as
a modifiable risk factor for cardiovascular disease [43].
Typically, CHD patients with a higher BMI often have
enlarged ventricular diameters, reduced diastolic func-
tion, more severe inflammatory responses, and a greater
risk of developing MACE [44].Fatty acids stored in adi-
pose tissue are released as triglycerides during lipolysis
to promote fat oxidation in energy-consuming tissues.
Fatty acid oxidation decreases after carbohydrate intake
but increases during physical activity [45]. Disequilib-
rium between the production and utilization of fatty
acids can have adverse effects on cardiovascular health
and metabolism [46]. Acute increases in fatty acid levels
in the human body are associated with impaired endo-
thelium-mediated vasodilation, while chronic increases
can contribute to dyslipidemia and lipid-induced toxicity
in the heart [47]. Conversely, interventions that reduce
fatty acid levels have shown potential benefits in improv-
ing metabolic health. Studies have confirmed that aerobic
exercise can activate lipoprotein lipase activity, enabling
muscles to fully absorb and utilize fatty acids and choles-
terol and accelerating the transfer of phospholipids and
cholesterol to HDL, thereby reducing total cholesterol,
triglyceride, and LDL levels, and BMI [48]. This result
suggests that exercise training is effective at improving
blood lipid and BMI levels. However, exercise dosage is
a topic worth exploring for the development of exercise
prescriptions. For post-PCI patients, what dose of exer-
cise will improve lipid metabolism and BMI remains
unknown. This study synthesized different exercise pat-
terns, intensity levels, exercise durations, and other rele-
vant metrics from previous studies. The aim of this study
was to clarify the effect of ACSM-recommended exercise
doses on lipid metabolism and BMI in post-PCI patients
and to confirm the practical application of ACSM-rec-
ommended exercise doses.

-4 -2 2 4
High adherence with ACSM guidelines Low or uncertain adherence with ACSM

Impact of high adherence to the acsm-recommended
exercise dosage on tg levels

TGs are lipid molecules formed by the combination of
three long-chain fatty acids and glycerol and account for
the highest content of lipids in the human body. Their
primary functions include supplying and storing energy,
protecting internal organs, maintaining body tempera-
ture, and shaping the body [49].

The studies included in this review support the benefi-
cial effects of exercise on TG levels in patients post-PCL.
The subgroup analysis revealed that the improvement in
triglyceride levels in patients with a high degree of adher-
ence to the ACSM-recommended exercise dosage after
PCI was not greater than that in patients with lower or
uncertain ACSM compliance (SMD: -0.33 vs. -0.60). An
analysis of the literature characteristics indicated that
combining aerobic exercise, resistance training, and flex-
ibility training had a weaker impact on lipid metabolism
than a single exercise. The inconsistency with the report
by RIMMER et al. [50] may be related to differences in
the ages of the study participants and the unclear exer-
cise training protocols in some studies. However, some
studies have suggested that both moderate-intensity and
low-intensity exercise can significantly reduce TG levels
in patients with CHD, with cholesterol and blood sugar
levels decreasing more rapidly in the moderate-intensity
group [51]. In this review, the decrease in TG levels may
not be consistent with this conclusion due to limitations
in the clarity of the total exercise volume.

Impact of high adherence to the acsm-recommended
exercise dosage on tc levels
TC refers to the sum of cholesterol contained in various
lipoproteins in the blood. TC is closely related to cardio-
vascular diseases such as CHD, atherosclerosis, and myo-
cardial infarction [52]. Notably, a U-shaped correlation
between total cholesterol levels and cardiovascular dis-
ease mortality was reported [53].

This study indicated that exercise improved total cho-
lesterol levels in patients after PCI surgery, which is
inconsistent with the findings of IGARASHI et al. [54].
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The authors believe that this may be related to differ-
ences in research subjects and unclear exercise training
protocols. Through a subgroup analysis, a high adher-
ence to the exercise Dosage recommended by the ACSM
had a better effect on improving total cholesterol levels
in patients after PCI surgery than a lower or uncertain
adherence to the ACSM recommendations (SMD: -0.55
vs. -0.46). This result may be because a high adherence
to the exercise Dosage recommended by the ACSM can
continuously activate lipoprotein lipase activity, enabling
muscles to fully absorb and utilize cholesterol and pro-
mote the transfer of cholesterol to high-density lipo-
proteins. Alternatively, this result may be related to the
stimulation of lecithin-cholesterol acyltransferase activ-
ity, leading to increased levels of esterified cholesterol.

Impact of high adherence to the acsm-recommended
exercise dosage on Idl levels

LDL is a lipoprotein particle responsible for transporting
cholesterol to peripheral tissue cells. When LDL binds
excessively to cholesterol, it forms LDL-C and accumu-
lates on the arterial wall, eroding vascular endothelial
cells and ultimately leading to atherosclerosis and throm-
bus formation [22].

This study demonstrated that exercise improved LDL
levels in patients after PCI surgery. However, some stud-
ies have shown that exercise increases LDL levels [55],
which is inconsistent with the results of this study. The
subgroup analysis revealed that a high adherence to the
exercise Dosage recommended by the ACSM had some
positive effects on LDL levels in patients after PCI sur-
gery. However, in this study, a high adherence to the
ACSM-recommended exercise Dosage was not supe-
rior to a lower or uncertain adherence to the ACSM
recommendations.

Impact of high adherence to the acsm-recommended
exercise dosage on hdl levels

HDL reduces blood coagulation by stimulating endo-
thelial cells to secrete nitric oxide (NO) and suppresses
inflammatory responses by inhibiting the expression of
inflammatory factors in endothelial cells. Additionally,
HDL clears excess cholesterol from macrophages in the
arterial wall, thus reducing the risk of atherosclerosis,
and is often considered an indicator of good health [56].
Recent studies have also documented that the implemen-
tation of exercise programs can effectively reduce the risk
of atherosclerosis by enhancing the anti-inflammatory
function of HDL [57].

This research demonstrated that exercise had a sig-
nificant beneficial effect on HDL levels in patients after
PCI, which is inconsistent with the findings of Milanovic
[48]. Furthermore, a heterogeneity of 0% indicates a high
degree of consistency among these studies. According
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to the subgroup analysis, a high adherence to the exer-
cise Dosage recommended by the ACSM had some posi-
tive effects on HDL levels in patients after PCI surgery.
This result may be related to the fact that a high adher-
ence to the ACSM-recommended exercise Dosage can
more effectively stimulate the body to produce positive
physiological responses, including promoting cholesterol
transport, improving vascular function, regulating lipid
metabolism, reducing chronic inflammation, and affect-
ing the endocrine system. On the other hand, the com-
bined SMD for the lower or uncertain adherence to the
ACSM-recommended exercise Dosage was 0.22 (95% CI
-0.18, 0.63), with a confidence interval including zero,
indicating uncertainty in the impact of this exercise Dos-
age on the target outcome.

Impact of high adherence to the acsm-recommended
exercise dosage on Bmi

Obesity is a common comorbidity in patients diag-
nosed with coronary artery disease [58]. BMI is a com-
monly used indicator to assess the degree of obesity.
Studies have noted a linear relationship between BMI
categories and the repetition of revascularization proce-
dures in patients receiving PCI [59]. The risk of repeated
revascularization procedures is lowest in underweight
or normal-weight patients and highest in severely obese
patients.

This study demonstrated that exercise had a significant
beneficial effect on BMI. This finding is consistent with
previous results [60]. According to the subgroup analysis,
a high adherence to the exercise Dosage recommended
by the ACSM had a greater effect on improving BMI
in patients with CHD after PCI surgery than a lower or
uncertain ACSM adherence (SMD: -0.52 vs. -0.34). The
reason for this difference may be that a high adherence
to the ACSM-recommended exercise Dosage can uti-
lize metabolic effects for weight loss, resulting in greater
energy expenditure potential and reduced visceral fat,
leading to beneficial outcomes.

Research advantages and limitations

This study is the first to investigate the relationship
between the exercise Dosage and lipid metabolism in
patients following PCI through a meta-analysis approach.
Furthermore, based on the exercise Dosage recom-
mended by the ACSM, the subgroup analysis revealed
that strictly adhering to the ACSM’s recommendations
has significant impacts on improving TC levels, HDL lev-
els, and BMI. While this study provides valuable findings
and contributions, certain limitations must be acknowl-
edged. First, disparities exist in the research designs of
the included studies, such as differences in the exercise
intensity, frequency, intervention duration, and the com-
bination of two training methods in combined training.
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These disparities may contribute to the heterogeneity
in the results of this study. Second, most of the studies
included did not include a clear description of the sub-
jects’ diets during the exercise intervention, which could
affect the outcome measures. Additionally, Some of the
indicators included fewer studies with low or uncertain
ACSM adherence, however, they did not affect the overall
results.

Conclusions

This review supports the hypothesis that exercise is an
effective means to improve lipid metabolism and BMI
in patients after PCL In clinical work, the proper Dos-
age of exercise can significantly improve health benefits,
whereas excessive or insufficient exercise may not achieve
the desired health outcomes and may even have negative
effects. In exploring the optimal Dosage of exercise for
patients after PCI, this study revealed that strictly adher-
ing to the exercise Dosage recommended by the ACSM
has positive impacts on improving TC levels, TG levels,
LDL levels, HDL levels, and BMI. Compared to exer-
cise dosages with lower or uncertain ACSM compliance,
strictly adhering to the ACSM recommendations signifi-
cantly improved TC levels, HDL levels, and BMI. These
results support the use of exercise dosages that strictly
adhere to the ACSM recommendations as a treatment
option for improving lipid metabolism in patients after
PCI, maximizing the health benefits derived from exer-
cise. However, compared to exercise dosages with lower
or uncertain ACSM compliance, strictly adhering to the
ACSM recommendations did not significantly improve
TG or LDL levels. Therefore, future research will need
more rigorous experimental designs and larger samples
to confirm these findings.
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