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Abstract

Background Cardiovascular diseases (CVDs) are the leading cause of mortality and morbidity globally, and a number
of treatment and preventive strategies have been tried for years. Lifestyle modification programs have been widely
implemented as a primary prevention strategy to reduce the burden of CVDs. However, their effectiveness in patients
with established CVD in monitoring modifiable risk factors is controversial and requires further investigation.

Methods A comprehensive search was conducted in PubMed, Cochrane, Science Direct, and LILACS without date
and language restrictions. All randomized controlled trials (RCT) comparing the effectiveness of lifestyle modifica-
tion and/ or optimization of drug therapies among patients with established cardiovascular disease were included.
The primary outcomes were changes in systolic blood pressure and low-density lipoprotein cholesterol. Secondary
outcomes included changes in total cholesterol, diastolic blood pressure, and medication adherence. Meta-analysis
results were reported as standardized mean difference (SMD) or risk ratio (RR) and 95% confidence intervals (Cl).
Sub-analyses examined programs that included both lifestyle modification and drug optimization or type of interven-
tion alone if a minimum of three trials were identified. The quality of evidence was evaluated using GRADE and trial
sequential analyses.

Results Sixteen trials including 4450 participants were included in testing programs focused on both lifestyle
modification and drug optimisation (seven RCTs) and lifestyle modification alone (nine RCTs). Overall the programs
significantly reduced systolic blood pressure (SMD = —0.30, 95% Cl—-0.43 to—0.17, P<0.001), diastolic blood pres-
sure (SMD=—0.18,95% Cl—-0.28 to—0.08 P<0.001), total cholesterol (SMD= —0.28, 95% Cl—-0.49 to—0.07, P=0.009);
however, the quality of evidence was rated as low.

Conclusion Lifestyle modification and medication optimization interventions had a significant effect on monitor-
ing blood pressure and serum cholesterol; however, the provision of the firm conclusion is less optimal with current
evidence as the quality of evidence was low.
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Systematic review registration The systematic review and meta-analysis protocol was registered in PROSPERO

CRD42024523078.
Keywords Lifestyle modifications, Modifiable risk factors, Drug optimization, Cardiovascular interventions, Blood
pressure

Background Description of the intervention

Description of the condition

Cardiovascular disease is a leading cause of mortality
and morbidity worldwide [1-3]. The number of individ-
uals affected by cardiovascular disease nearly doubled
from 271 million in 1990 to 523 million in 2019, with
the number of related deaths increasing from 12.1 to
18.6 million during the same period [2]. Global trends
for disability-adjusted life years (DALYs) and years of
life lost also showed significant increases over this time
period [2].

Randomized controlled trials (RCTs) demonstrate
that medication that reduces blood pressure and low-
density lipoprotein-cholesterol (LDL-c) limits the risk
of major adverse cardiovascular events (MACE) [4-6].
Programs that integrate lifestyle modification and opti-
mization of drug therapy to control these risk factors
have been developed but their effectiveness is contro-
versial [7—-10]. Past studies have shown inconsistent
effectiveness of lifestyle modification and optimiza-
tion of drug therapy programs, which typically include
interventions aimed to improve diet, increase physical
activity, reduce stress, facilitate smoking cessation, and
adhere to prescribed medication to treat hypertension,
dyslipidemia, and diabetes [11-15].

A meta-analysis of 25 RCTs investigating lifestyle
modification with digital technology showed improve-
ments in healthy behavioral risk factors such as physi-
cal activity, healthy diet, and medication adherence;
however, it did not reveal a significant effect on smok-
ing cessation, blood pressure, and alcohol intake [16].

A meta-analysis including 27 RCTs testing the effects
of a mobile health intervention on secondary preven-
tion of cardiovascular disease did not demonstrate a
reduction in LDL-c and smoking cessation, but there
was a significant improvement in medication adher-
ence, physical activity, and monitoring of blood pres-
sure [17].

Lifestyle modification intervention programs have
had a positive impact on patients’ physical activity,
medication adherence, psychological state, and healthy
diet; however, their effectiveness is still controversial in
optimizing patients’ blood pressure, serum cholesterol,
and cessation of smoking [18, 19].

Lifestyle modification intervention programs that
include dietary improvements, increased physical activ-
ity, smoking cessation, stress management, and alcohol
moderation can significantly reduce the burden of CVD
[12, 14, 16, 17]. These programs could be delivered
through patient education [20], risk factor monitoring
[21], coaching [22], behavioral and motivational con-
sultation [23], and pharmacological management [24,
25] using remote digital technology platforms [26-28],
and/or face-to-face communications [29, 30].

With the help of telehealth, it is possible to incorpo-
rate theoretical constructs of health behavior changes
and evidence-based behavioral change techniques in
managing cardiovascular risk factors [31-33]. Patients
are also able to communicate with health profession-
als with the help of digital technology such as emails,
chats, web addresses, and discussion forums which are
feasible in terms of cost-effectiveness, reliance, and
time management [34—36]. However, addressing chal-
lenges related to digital accessibility, data security, user
engagement, and clinical validation is essential to fully
realize their benefits [34, 37].

How the intervention might work

Lifestyle and risk factor modification programs have
been widely implemented as a primary prevention
strategy to reduce the burden of CVDs [7-10]. How-
ever, their effectiveness in patients with established
CVD in optimizing modifiable risk factors is controver-
sial [12, 14, 38, 39].

A meta-analysis investigating the effectiveness of tel-
ehealth intervention on secondary prevention of coro-
nary heart disease found that Telehealth interventions
had moderately significant effects in reducing weight,
total cholesterol, and triglyceride, improving medica-
tion adherence. However, it showed a small significant
effect in reducing blood pressure and smoking [39].

Another systematic review examining the impacts of
technology-based patient education intervention on
modifiable CVS risk factors through telephone follow-
up, text messaging, webpage, and smartphone appli-
cation could help patients to control modifiable risk
factors demonstrated minimal effect in reducing blood
sugar and cessation of use of tobacco [15].
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Another systematic review was conducted on the
effectiveness of nurse-led patient-centered care behav-
joral risk modification in secondary prevention of coro-
nary heart disease. However, the study did not show a
significant improvement in patients’ blood sugar, high-
density lipoprotein, blood pressure, and mortality, and
further studies with long follow-ups are required [13].

Similarly, a systematic review by Fernandez et al. exam-
ining the effectiveness of brief structural interventions on
risk factor modification for patients with coronary heart
disease failed to identify strong evidence for recommen-
dation [14].

A meta-analysis to test the effect of digital technology
interventions for risk factor modification in patients with
cardiovascular disease demonstrated that the interven-
tion improves protective behavioral factors including
physical activity, healthy diet, and medication adherence.
However, it didn’t seem to optimize the patients’ blood
pressure [11].

Why it is important to do this review

The available body evidence on the effectiveness of life-
style modification for monitoring modifiable risk factors
in patients with cardiovascular diseases is controversial
[13-16]. Furthermore, previous systematic reviews were
conducted on heterogeneous outcomes of interest with
different types of interventions [12, 14, 16, 17, 40]. This
meta-analysis focused on the effect of lifestyle modifica-
tion and medical therapy on change in patients’ blood
pressure and serum cholesterol, while other meta-analy-
ses primarily target major adverse cardiovascular events
(MACE) [12], optimization of behavioral risk factors
[14, 40], improvement of exercise capacity and quality of
life [17], all-cause mortality [41], and healthy behavioral
factors such as physical activity, healthy diet, and medi-
cation adherence [11]. Furthermore, our meta-analysis
included recent RCTs investigating the effectiveness
of lifestyle modification and medical optimization on
blood pressure and cholesterol, and GRADEpro and trial
sequential analysis were employed to evaluate the quality
of evidence.

Methods

Protocol registration

This systematic review and meta-analysis was conducted
according to the Preferred Reporting Items for System-
atic and Meta-Analysis and registered in PROSPERO
(CRD42024523078) on March 23, 2024 [42].

Design and search strategy

The search method was designed to explore all available
published and unpublished RCTs assessing the effective-
ness of programs that integrate lifestyle modification
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and optimization of drug therapy among people with
established CVD without language and date restrictions.
A comprehensive first search in PubMed/MEDLINE,
Cochrane Library, Science Direct, and Latin American
and Caribbean Health Sciences Literature (LILACS) was
conducted, and EndNote reference manager was used
to remove the duplicates. The full-search strategy was
described in Supplemental texts 1 and 2.

Criteria for inclusion

The inclusion criteria for the systematic review were (1)
adults who were >18 years old with established CVD,
(2) a randomized controlled study of lifestyle modifica-
tion and medication optimization, (3) all subjects were
diagnosed with coronary heart disease, peripheral artery
disease and/or cerebrovascular disease, and (3) studies
reporting systolic blood pressure and LDL-C as a pri-
mary outcome [43-58]. The interventions were delivered
through patient education, monitoring of risk factors,
coaching, behavioral and motivational consultation, and
pharmacological management with the help of remote
digital technology platforms and/or face-to-face commu-
nications. The interventions were being employed in the
form of mobile applications or individual/group-based
sessions targeted to manage blood lipid and blood pres-
sure and reduce the risk of MACE. The control group
received usual medical management without any special-
ized intervention programs.

Criteria for exclusion

Studies were excluded if (1) studies did not report systolic
blood pressure and LDL, (2) the study reported insuffi-
cient details to extract the study outcomes, (3) the study
had other interventions, and (4) the full text of the study
was not available in the databases [18, 19, 59-94].

Outcomes of interest

The primary outcome was defined as changes in systolic
blood pressure and serum LDL-C. The studies reported
lifestyle modification intervention alone, medication
optimization alone, or a combination of lifestyle and
medication optimizations, but any trial reporting one
of the interventions was considered for overall analysis.
Secondary outcomes were defined as changes in dias-
tolic blood pressure, serum TC, and medication adher-
ence. Other outcomes including cessation of smoking
and MACE defined as myocardial infarction, coronary
revascularization, and cerebrovascular events were also
assessed.

Data extraction
The data from each study was retrieved using a data
extraction template in Microsoft Excel 2013 format.
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Two authors (SA and DS) independently extracted the
data, and any disagreements were discussed with
another author (ST). Data extracted included sample
size, descriptions of the intervention and control groups,
changes in concentrations of LDL-C, high-density lipo-
protein, TC and blood pressure, medication adherence,
cessation of smoking, and MACE incidences such as
myocardial infarction, stroke, and rate of coronary revas-
cularization. Finally, the data were imported into Review
Manager for analysis.

Critical appraisal

The methodological quality of the included studies was
evaluated based on the Cochrane Handbook risk of bias
2 (ROB2) tool [95] by two independent authors (SA and
DS), and the disagreement was resolved with another
author (ST). The random sequence generation, alloca-
tion concealment, blinding of participants and treatment
providers, blinding of result assessment, incomplete out-
come data, selective outcome reporting, and other bias
risks were assessed (Supplementary Table S6).

Data analysis

The standardized mean difference was used to estimate
the change in lipid profile and the blood pressure with
the inverse variance method, while dichotomous out-
comes were estimated with the Mantel-Haenszel method
with either odds ratio or relative risk effect estimates. A
random effect model with the restricted maximum likeli-
hood (REML) method was used as there was substantial
heterogeneity between the included studies as depicted
by the forest plot, chi-square test, I* value, and Galbraith
plot. Subgroup analyses were conducted to investigate
the effect of lifestyle modification alone, medication
optimization alone, and combined interventions, modes
of intervention delivery (patient education, monitoring
of risk factors, coaching, and consultation), and types
of CVD. A minimum of 3 RCTs were required for sub-
group analyses leave one out (LOO) sensitivity analyses
were conducted for the primary outcome to investigate
the influence of individual trials on the summary effect.
Furthermore, subgroup analyses were conducted by the
duration of follow-up as <1 year, 1 to 3 years, and >3
years follow-up period to see how the length of inter-
vention impacts the primary outcomes. Trial sequential
analysis was conducted to control for the risks of type
I and II errors on the outcomes, and it was used to cal-
culate the number of participants needed to detect or
reject primary hypotheses and the cumulative Z-curve’s
breach of relevant trial sequential monitoring bounda-
ries. The overall quality of evidence was determined
using the GRADE system (Grading of Recommendations,
Assessment, Development, and Evaluation) [96, 97]. The
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system incorporates study quality (risk of bias), incon-
sistency (comparison of effect estimates across studies),
indirectness (applicability of the population, interven-
tion, comparator and outcomes to the clinical decision),
imprecision (certainty of confidence interval), and prob-
ability of publication bias. The overall quality of evidence
was categorized as high, moderate, low, and very low by
combining the aforementioned five parameters.

Results

Selection of studies

A total of 374 articles were identified from the initial
search of which 54 full-text publications were reviewed.
Sixteen publications incorporating 4450 participants
ultimately met inclusion criteria, while 38 articles were
excluded for reasons (Supplementary Table 1, Fig. 1).

Description of the included studies

Sixteen RCTs met the inclusion criteria (Table 1, Sup-
plementary Table S1, and Fig. 1). The included trials
were conducted between 1998 and 2023, with a sample
size ranging from 48 to 5034 participants, and the eligi-
bility criteria for all included trials were shown in Sup-
plementary Table S2. The detailed description of primary
and secondary outcomes was outlined in Supplementary
Table S3, while the other outcomes including cessation
of smoking and MACE were detailed in Supplemen-
tary Table S4. The effects of the intervention on primary
and secondary outcomes in the included RCTs were
described in Supplementary Table S5. The mean age of
the participants ranged from 40.8 to 76.5 years, and the
duration of follow-up varied from 8 weeks to 5 years.
Eight trials were evaluated as low-risk of bias [43—-45, 48,
49, 52, 53, 58], two as high-risk of bias [54, 55], and six
as having some concerns [46, 47, 50, 51, 56, 57] (Supple-
mentary Table S6).

Description of the interventions

Eight of the included trials tested a multifaceted combi-
nation of in-person and/or remote education, exercise,
and diet consultations with nurses, physiotherapists, and
exercise health professionals [43, 47, 48, 50, 51, 55-57],
while another eight trials used digital technology inter-
ventions in the form of web-based applications, web-
sites, text messaging, SMART phone applications, and
regular phone calls [44, 46, 48, 52-54, 98, 99] (Supple-
mentary Table S7). Nine trials focused on lifestyle inter-
vention alone [44, 47, 48, 55-58, 98, 99], while seven
trials focused on both lifestyle modifications and medica-
tion optimization [43, 46, 50—54] (Table 1). The majority
of trials described the control group as having usual care
but how this was delivered was poorly reported (Supple-
mentary Table S3).
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Fig. 1 Prisma flow chart showing the study identification, screening process, and included studies

Effectiveness of the interventions
Systolic blood pressure (SBP)

All trials reporting primary outcome A meta-analysis of
15 RCTs including 4386 participants revealed the over-
all effect of interventions reduced systolic blood pressure
compared to usual care with a moderate degree of het-
erogeneity (SMD = — 0.30, 95% CI —0.42 to —0.17, P<
0.001, Fig. 2), and the funnel plot was symmetrical (Sup-
plementary results, Fig. 1.1.1). The LOO sensitivity analy-
sis did not show a significant difference in effect estimate
and heterogeneity (Supplementary results, Table 2.1.1.).
Furthermore, the exclusion of studies with a high risk of
bias did not change the effect estimate and heterogene-
ity significantly (Supplementary results, Fig. 3.1.1). The
subgroup analysis by mode of intervention delivery with
individual and group education (SMD = — 0.31, 95%
CI —0.44 to —0.19, P< 0.001), monitoring of risk fac-
tors (SMD = — 0.32, 95% CI —0.43 to —0.21, P< 0.001),
coaching for risk factors (SMD = — 0.26, 95% CI —0.45
to —0.04, P< 0.001), and consultation (SMD = — 0.30,

95% CI —0.43 to —0.17, P< 0.001) revealed a significant
reduction in systolic blood pressure (SBP) compared to
usual care (Supplementary results, Fig. 4.1.1 to 4.1.4). The
subgroup analysis by the duration of follow-up showed
that the longer the follow-up of the intervention, the
lower the systolic blood pressure (SBP) might be. Systolic
blood pressure (SBP) was lowered the most at >3 years
follow-up period (SMD = — 0.49, 95% CI —0.82 to —0.16,
P< 0.001) compared to standard care (Supplemental
results Fig. 5.1).

Lifestyle modification alone Eight RCTs with 3169 par-
ticipants targeting integrated lifestyle intervention alone
showed a significant reduction in systolic blood pressure
compared to usual care (SMD = — 0.22, 95% CI —0.38 to
—0.06, P= 0.008, Fig. 2), and the funnel plot was found
to be symmetrical (Supplementary results, Fig. 1.1.2.).
The LOO sensitivity analysis did not show a significant
difference in the summary effect and heterogeneity (Sup-
plementary results, Table 2.1.2).
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
2.1.1 Overall program
Ahed etal 133 111 136 155 75 32% -0.22 054, 0.10] —
Bae etal 1266 171 440 1284 176 439  49% -0.10[0.24,0.03] -7
Chow et al 128 144 352 136 145 358  48% -0.55 [-0.70,-0.40] I
Dorjeetal 1228 132 186 132 19 186 4.0% -0.58 [-0.81,-0.35) E—
Engelenetal 134 18 103 135 15 105  36% -0.06 [-0.33,0.21] T
Fernandez et al 1203 163 28 1264 146 22 1.7% -0.39[-0.94,0.17] — 1
Gallagher etal 107.2 137 194 1089 146 196 43% -0.12[0.32,0.08) T
Goessensaetal 138 18 80 144 18 75 33% -0.36 [-0.67,-0.08] —
Lehmanna et al 1333 179 47 1453 19 49 25% -0.64 [-1.06,-0.23]
Lietal 126 183 143 136 186 147 40% -0.64 [-0.88,-0.41] n—
Liuetal 1326 1649 48 1364 163 49  26% -0.23 062, 0.17) E—
Michelsen et al 1268 16 BB 1265 137 40  26% 0.03[-0.37,0.42] T
Ornish etal 1264 174 20 1288 95 15 13% -0.16 [-0.83, 0.51] I E—
Saffi etal 124 18 38 128 16 36 22% -0.32[0.78,0.14] E—
Zheng etal 1276 1468 411 1294 157 411 49% -0.12 [-0.26,0.02) 1
Subtotal (95% Cl) 2213 2173 50.0% 0.30 [-0.43, -017] <

Heterogeneity: Tau®= 0.04; Chi*=51.82, df=14 (P = 0.00001); F=73%
Test for overall effect: Z= 4.56 (P < 0.00001)

2.1.2 Integrated Lifestyle Alone

Baeetal 1266 171 440 1284 176 439  49% -0.10[-0.24,0.03] 7

Chow et al 128 144 352 136 145 358 48% -0.55 [-0.70,-0.40] —

Engelen et al 134 18 103 135 15 105 36% -0.06 [-0.33,0.21] T
Fernandez et al 1203 163 29 1264 146 22 1.7% -0.39[-0.94,017] I
Gallagher etal 107.2 137 194 1089 146 196  43% -012[0.32,0.08] T
Ornish et al 1264 174 20 1288 95 15 13% -0.16 [-0.83, 0.51] e
Saffi etal 124 15 38 129 16 36 22% -032[0.78,0.14] [
Zheng etal 1276 146 411 1294 157 411 49% -012[F0.26,0.02] ]
Subtotal (95% CI) 1587 1582 27.7%  -0.22[-0.38,-0.06] <

Heterogeneity: Tau*= 0.03; Chi*= 26.86, df=7 (P = 0.0004); F=74%
Test for overall effect Z= 2 66 (P = 0.008)

2.1.4 combined intervention

Abed etal 133 111 75 136 155 75 32% -0.22[-0.54,0.10] -
Darje etal 1225 132 186 132 19 156  4.0% -0.58 [-0.81,-0.3] -
Goessensa etal 138 15 90 144 18 75 33% -0.36 [-0.67,-0.0]

Lehmanna et al 1333 179 47 1453 19 48 25% -0.64 [-1.06,-0.23]

Lietal 125 153 143 136 186 147 4.0% -0.64 [-0.88,-0.41] I

Liu et al 1326 169 49 1364 163 49 26% -0.23 [-0.62,017] I
Michelsen et al 1269 16 66 1265 137 40 26% 0.03 037,042 1
Subtotal (95% ClI) 626 591 223%  -0.40[-0.58,-0.22] S

Heterogeneity: Tau®=0.03; Chi*=13.78, df=6 (P = 0.03); F= 56%
Test for overall effect Z=4.39 (P = 0.0001)

Total (95% Cl) 4426 4346 100.0% -0.30 [-0.39, -0.21] L 2

Heterageneity: Tau®= 0.04, Chi*=103.65, df=29 (F = 0.00001);, F=72% 51 -D=5 ] DIS 15
Testfor overall effegt I=684(P < 0.00001) Favours [experimental] Favours [control]
Test for subgroup differences: Chi*=2.30, df=2 (P=0.32), F=13.2%

Fig. 2 Forest plot for meta-analysis of systolic blood pressure for overall programs, integrated lifestyle alone, and combined intervention alone:
individual trials and meta-analysis total, the total number of participants in intervention and control. Weight: sample size contribution of the study
relative to the pooled sample size of the meta-analysis. IR inverse variance

Combined interventions alone A subgroup analysis of 7  systolic blood pressure (SMD = — 0.40, 95% CI —0.58 to
RCTs with 1217 participants targeting combined inter- —0.22, P< 0.001, Fig. 2), and the funnel plot was found
vention of integrated lifestyle and medication optimiza- to be symmetrical (Supplementary results, Fig. 1.1.3).
tion alone revealed a significant reduction in patients’ Furthermore, the LOO sensitivity analysis did not



Abate et al. Systematic Reviews (2025) 14:153

demonstrate a significant effect on the summary effect
and heterogeneity (Supplementary results, Table 2.1.3).

DBP

All trials reporting DBP A meta-analysis of 12 RCTs
with 2374 participants showed that the overall pro-
grams reduced mean DBP significantly in the interven-
tion group compared to usual care with a low degree
of heterogeneity (SMD = — 0.18, 95% CI —0.28, —0.08,
P=0.0003, Fig. 3), and the funnel plot was symmetrical
(Supplementary results, Fig. 1.2.1). The LOO sensitivity
analysis demonstrated a significant difference in sum-
mary effect and heterogeneity (Supplementary results,
Table 2.2.1.). Similarly, the exclusion of studies with a
high risk of bias did not affect the effect estimate and
heterogeneity (Supplementary results, Fig. 3.2). The sub-
group analysis by mode of intervention delivery showed
that patient education showed a significant reduction in
DBP (SMD = - 19, 95% CI —0.28 to —0.11, P< 0.0001),
where group education significantly reduced DBP (SMD
=—0.28 95% CI —0.39 to —0.17, P< 0.00001) compared
to individual education (SMD = — 0.12, 95% CI —0.23
to —0.01, P= 0.03). Similarly, monitoring of risk factors
reduced DBP in the intervention group (SMD = — 0.18,
95% CI —0.28 to —0.4, P= 0.001). Furthermore, coaching
for risk factors with behavioral changes revealed a signifi-
cant difference (SMD = — 0.19, 95% CI —0.30 to —0.08,
P= 0.0005); however, coaching for lifestyle modification
(SMD = —0.12, 95% CI —0.26 to 0.02, P= 0.09) and med-
ication adherence (SMD = — 0.18 95% CI —0.40 to 0.04,
P=0.10) did not show significant benefit (Supplementary
results, 4.2.1 and 4.2.2).

Lifestyle modification alone A subgroup analysis by life-
style interventions alone failed to demonstrate a signifi-
cant reduction in patients’ DBP compared to usual care
(SMD = - 0.16, 95% CI —0.32 to 0.00, P= 0.05, Fig. 3),
and the funnel plot was asymmetrical (Supplementary
results, Fig. 1.2.2.). The LOO sensitivity analysis demon-
strated that the removal of studies at a time did not affect
the summary effect; however, the removal of studies by
Engelen et al. and Michelsen et al. showed a significant
difference in summary effect with minimal change in het-
erogeneity (Supplementary results, Table 2.2.2.).

Combined intervention alone A subgroup analysis of
RCTs targeting both lifestyle modification and medi-
cation optimization interventions revealed a signifi-
cant difference compared to usual care (SMD = — 0.19,
95% CI —0.32 to —0.05, 6 RCTs, 1189 participants, P=
0.007, Fig. 3). However, the funnel plot was asymmetrical
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suggesting potential publication bias (Supplementary
results, Fig. 1.2.3.). Furthermore, the LOO sensitivity
analysis did not show a significant change in the sum-
mary effect (Supplementary results, Table 2.2.3.).

LDL-C

All trials reporting LDL-C A meta-analysis of 15 RCTs
including 4330 participants showed that overall programs
demonstrated a significant effect on LDL-C, but with a
substantial heterogeneity (SMD = — 0.19, 95% CI —0.36
to —0.02, P=0.03, Fig. 4), and the funnel plot was found
to be asymmetrical (Supplementary results, Fig. 1.3.1).
The LOO sensitivity analysis also did not show signifi-
cant differences between groups; however, the removal
of four studies [50-53] revealed a significant difference in
the summary effect (Supplementary results, Table 2.3.1.).
However, the exclusion of studies with a high risk of
bias failed to show a significant difference (Supplemen-
tary results, Fig. 3.3.). The subgroup analysis by mode of
intervention delivery with education (17 RCTs with 3801
participants), monitoring of risk factors (16 RCTs with
5245 participants), and consultation reduced LDL-C (13
RCTs with 3622 participants) (Supplementary results,
Fig. 4.3.1. 4.3.2., and 4.3.4.); however, coaching for risk
factor modification failed to show a significant difference
on LDL-C (Supplementary results, Fig. 4.3.3.).

Lifestyle modification alone A subgroup analysis of 8
RCTs testing lifestyle-alone interventions failed to dem-
onstrate a significant reduction in LDL-C (SMD = —
0.18, 95% CI —42 to —0.005, P= 0.13, Fig. 4), and the
funnel plot was asymmetrical (Supplementary results,
Fig. 1.3.2.). LOO analysis suggested that the effect esti-
mates were influenced by one study [55] (Supplementary
results, Table 2.3.2.).

Combined intervention alone A subgroup analysis of 7
RCTs with 1148 participants investigating the effect of
both lifestyle and medication optimization alone failed
to show a significant reduction in LDL-C (SMD = —
0.22, 95% CI —0.50 to —0.06, P= 0.12, Fig. 4) with sym-
metrical funnel plot (Supplementary results, Fig. 1.3.3).
A LOO sensitivity analysis showed that one study influ-
ences the effect estimates [46] (Supplementary results,
Table 2.3.3). The subgroup analysis by the duration of fol-
low-up showed that LDL-C was lower at < 1-year follow-
up (SMD = — 0.16, 95% CI —0.29 to —0.03, P< 0.001);
however, there was no significant difference at 1 to 3
years (SMD = — 0.16, 95% CI —0.38 to 0.06, P= 0.15) and
>3 years (SMD = — 2.94, 95% CI —9.42 to 3.53, P=0.37)
(Supplemental results, Fig. 5.2.).



Abate et al. Systematic Reviews (2025) 14:153 Page 10 of 22

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Tofal Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
2.2.1 Overall program
Abed etal 80 88 75 B3 88 T8 3E%  -034[066-0.02 -
Chow et al 81 96 382 84 98 38 1MT7%  -031[046-0.16] —_—
Engelen etal oo o103 711 108 48% 0.00F0.27,0.27]
Fernandez et al 12103 29 721 1150 22 1.3% -0.08 [0.64, 0.47]
Gallagher et al 736 101 184 739 46 186 7.9% -0.03[F0.23,017] T
Goessensa etal 78 9 90 82 11 7H 38% -0.40[-0.71,-0.09]
Lehmanna et al 80 108 47 836 111 489 24% -0.32 0,73, 0.08] T
Lietal 00108 143 73 N2 147 B3% 018 [F0.41, 0.04] T
Liuetal 808 118 49 805 163 49 25% 0.03F0.37, 0.47] —
Michelsen etal 761 109 @6 TH7 42 40 25% 0.04 [0.35,0.43] ]
Omish etal 788 75 ME 15 08% 0.08[0.58, 0.76]
Saffi etal o8 3@ 80 10 3IF 0 18% 031 F0FT, 014]
Subtotal (95% CI) 1206 1168 50.0%  -0.18[-0.28,-0.08] <
Heterogeneity. Tau®= 0.01; Chi*=13.56, df=11 (P = 0.26), F=19%
Testfor overall effect. = 3.66 (P =0.0003)
2.2.2 Integrated Lifestyle Alone
Chow etal 81 98 352 84 98 388 1MT7%  -031[046-0.16] —_—
Engelen etal oo o103 71 108 48% 0.00F0.27,0.27] T
Fernandez et al 12103 29 721 115 220 1.3% -0.08 [-0.64, 0.47]
Michelzen etal 761 109 B 7A7 42 40 25% 0.04 F0.35,0.43] ]
Omish etal 788 7TH ME 15 08% 0.08[0.58, 0.76]
Saffi etal o8 3@ 80 1m0 I 18% 031 F0FT, 014]
Subtotal (95% ClI) 608 517 23.3% -0.16 [-0.32, 0.00] s
Heterogeneity Tau®=0.01; Chi*=6.83, df=5(F=023) F=27%
Test for overall effect £=1.92 (F=0.05)
2.2.4 Combined inhtervention
Abed etal 80 88 75 83 88 VA 36%  -034[066-0.02
Gallagher etal 736 101 184 739 46 186 7.9% -0.03[F0.23,017] T
Goessensa etal |8 90 82 1 ve 38%  -040[0.71,-0.09) I
Lehmanna et al 80 108 47 836 111 48 24% -0.32[0.73,0.08] —
Lietal 001048 143 73 N2 147 B3% -018[F0.41,0.08] T
Liuetal 808 118 49 805 163 49 25% 0.03F0.37,0.42] ]
Subtotal (95% CI) 598 591 26.7%  -0.19[-0.32,-0.05] 4
Heterogeneity Tau®= 0.01; Chi*=6.60, df= 5 (P=0.25) F= 24%
Test for overall effect, 2= 2.69 (P = 0.007)
Total (35% CI) 2412 2336 100.0%  -0.18[0.25,-0.12] &
Heterogeneity Tau®= 0.00; Chi*=27.13, df= 23 (P=0.25), F=15% I |

1 .05 0 04 1

Testfor overall effect 2= 5.42 (P < 0.00001) Favours [experimental] Favours [control]

Test for subaroup differences: Chi*= 0.08, df= 2 (P = 0.96), F= 0%
Fig. 3 Forest plot for lipid profile within 6 months of intervention. A Total cholesterol. B Low-density lipoprotein: individual trials and meta-analysis

total, the total number of participants in intervention and control. Weight: sample size contribution of the study relative to the pooled sample size
of the meta-analysis. IR inverse variance



Abate et al. Systematic Reviews (2025) 14:153 Page 11 of 22

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
1.3.1 Overall program
Abed etal 98 287 42 103 382 39 29% -0.15[-0.58, 0.29] 1
Bae etal 738 332 40 774 17E 438 44% -0.13 [-0.26, 0.00) ]
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Subtotal (95% CI) 2183 2147 50.3% -0.19[-0.36, -0.02] <

Heterogeneity: Tau®= 0.09; Chi*=93.21, df=14 (P = 0.00001); F= 85%
Test for overall effect Z= 214 (P=0.03)

1.3.2 Integrated Lifestyle Alone
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Gallagher et al 69.5 232 184 695 27 196 41% 0.00[0.20,0.20] T
Michelsen etal 812 387 66 773 345 40 3% 0.10[-0.29, 0.50] I —
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Zhengeta 936 277 #11 8933 308 411 44%  -019[0.33,-0.06) —_

Subtotal (95% Cl) 1553 1527  26.2% -0.18 [-0.42, 0.05] -

Heterogeneity: Tau®= 0.08; Chi®= 5532, df=7 (P = 0.00001}; F=87%
Test for overall effect Z=153(F=0.13)

1.3.4 Combined Intervention

Abed etal 98 287 42 103 382 389 29% -0.15 058, 0.29] -
Dorje et al 773271 156 B9E 232 156 40% 0.30[0.08, 0.53] —
Goessensa etal 926 271 90 1042 347 75 35% -0.38 [-0.68,-0.07] —
Lehmanna et al 1061 263 47 1233 362 49 30% -0.57 [-0.98,-0.16] -
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Heterageneity, Tau?= 0.11: ChiF= 3156, df= 6 (P = 0.0001); F= 81%
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Test for subgroup differences: Chi*=0.05, df=2 (P =047), F=0%

Fig. 4 Forest plot for meta-analysis for the overall program, integrated lifestyle alone interventions, and combined interventions for LDL-C:
individual trials and meta-analysis total, the total number of participants in intervention and control. Weight: sample size contribution of the study
relative to the pooled sample size of the meta-analysis. IR inverse variance
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
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Heterogeneity, Tau®= 0.12; Chi®= 7419, df =12 (P = 0.00001); F= 84%
Testfor overall effect 2= 2.75 (P = 0.006)

1.1.2 Integrated Lifestyle Alone
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Engelen et al 1624 425 103 1547 348 105 45% 0.20(0.07,0.47] T
Fernandez et al 198.3 502 28 166 1004 22 31% -0.10[0.65, 0.45] N
Gallagher et al 1353 309 154 1428 309 196 49%  -024[0.44,-0.04] -
Ornish et al 1629 84 20 2443 147 15 0B%  -B.91[876,-5.07 ¢
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1.1.3 Combined Intervention
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Fig. 5 Forest plot for meta-analysis of the overall program, lifestyle modification interventions alone, and combined intervention alone for total

cholesterol: individual trials and meta-analysis total, the total number of participants in intervention and control. Weight: sample size contribution
of the study relative to the pooled sample size of the meta-analysis. IR inverse variance
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TC

All trials reporting TC The meta-analysis of 13 RCTs
with 2459 participants showed that the overall interven-
tion significantly reduced serum total cholesterol com-
pared to the usual care (SMD = — 0.31 (95% CI —0.53 to
—0.09, P= 0.006, Fig. 5), and the funnel plot was asym-
metrical (Supplementary results, Fig. 1.4.1.). A LOO sen-
sitivity analysis showed that the removal of one study at a
time did not change the effect estimate and degree of het-
erogeneity (Supplementary results, Table 2.4.1.). Exclu-
sion of studies with a high risk of bias did not change the
effect estimate (Supplementary results, Fig. 3.4), and sub-
group analysis by mode of intervention delivery revealed
that education (SMD = — 0.31, 95% CI —051 to —0.11),
monitoring of risk factors (SMD = — 0.20, 95% CI —0.43
to —0.03, P= 0.03), coaching for risk factors (SMD = —
0.22, 95% CI —0.35 to —0.09, P= 0.008), and consulta-
tion (SMD = — 0.24, 95% CI —0.42 to —0.07, P= 0.007),
a significant impact on the reduction of total cholesterol
(Supplementary Fig. 4.4.1. to 4.4.4.)

Lifestyle modification alone A subgroup analysis of 7
RCTs with 1532 participants investigating the effective-
ness of lifestyle modification intervention alone on TC
failed to reveal a significant difference (SMD = — 0.33,
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95% CI —0.72 to 0.07, P= 0.10, Fig. 5). Similarly, there
was substantial heterogeneity with asymmetrical funnel
plot (Supplementary results, Fig. 1.4.2.). The LOO sen-
sitivity analysis did not show a significant effect on the
summary effect (Supplementary results, Table 2.4.2.).

Combined intervention alone A subgroup analysis of
intervention testing lifestyle and medication optimiza-
tion alone demonstrated a significant reduction in TC
(SMD = - 0.36, 95% CI —0.54 to —0.19, = 42%, P<
0.0001, Fig. 5), and the funnel plot was symmetrical (Sup-
plementary results, Fig. 1.4.3.). The LOO sensitivity anal-
ysis did not show a significant difference (Supplementary
result, Table 2.4.3).

Other outcomes

All trials reporting medication adherence

This meta-analysis revealed that there was a 49% risk of
non-adherence to medication in the control group, RR
=1.51 (95% CI 1.15 to 1.99, 2 studies, 702 participants,
P< 0.001, Fig. 6A). The meta-analysis showed a signifi-
cant benefit on cessation of smoking (RR =0.81, 95% CI
0.73 to 0.90, 6 RCTs, 2245 participants, P= 0.03, Fig. 6B).
The LOO sensitivity analysis did not influence the effect
estimates.

A
Experimental Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% ClI

Darje et al a7 156 35 156 54.0% 1.63[1.14,2.33] —ii—

Gallagher et al 41 194 30 196 46.0% 1.381[0.90,2.12] T

Total (95% CI) 350 352 100.0%  1.51[1.15,1.99] -

Total events 93 65

Heterageneity: Chi*= 0.24, df=1 (P = 0.56); F= 0% 052 D=5 é %

Testfor overall effect 2= 2.87 (F = 0.003) Favours [experimental] Favours [control]
B

Experimental Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI

Bae et al 79 arv 81 3580 206% 0.91 [0.69, 1.19] —

Chow et al a8 3349 152 354 365% 0.60[0.49, 0.75] ——

Darje et al 132 1449 138 149 33.9% 0.96[0.89,1.03] =

Fernandez et al 14 29 10 22 2.8% 1.06 [0.59,1.92] I —

Gallagher et al 18 194 19 196 4.6% 0.96[0.52,1.77] e E—

Zheng eta 2 43 G 43 1.5% 0.33[0.07,1.56) +

Total (95% CI) 1131 1114 100.0% 0.81 [0.73, 0.90] 2 3

Total events 333 406

Heterogeneity: Chi®= 29449 df=5 (P = 0.0001); F=83% UIE D:S ﬁ %

Test for overall effect: 2= 4.01 {P = 0.0001)

Favours [experimental] Favours [control]

Fig. 6 Forest plot for behavioral changes. A Medication adherence. B Cessation of smoking; individual trials and meta-analysis total:
the total number of participants in intervention and control. Weight: sample size contribution of the study relative to the pooled sample size
of the meta-analysis. IR inverse variance. All the events in this analysis were self-reported outcomes



Abate et al. Systematic Reviews (2025) 14:153

All trials reporting MACE

MACE and other adverse events were reported in two
studies [51, 55], which include myocardial infarction,
incidence of percutaneous coronary intervention (PCI),
coronary bypass graft (CABG), and hospital readmission.
The meta-analysis demonstrated a 47% reduction in the
incidence of PCI in the treatment group compared to the
control (RR =0. 0.53, 95% CI 0.30 to 0.95, 2 studies, 144
participants, P= 0.03, SupplementalFig. 6A). However,
the meta-analysis failed to demonstrate a significant dif-
ference in the pooled incidence of MI (RR =0.36, 95% CI
0.09 to 1.48, 2 studies, 144 participants, P= 0.16, Sup-
plemental Fig. 6B) and CABG (RR =0.82, 95% CI 0.08 to
8.55, 2 studies, 144 participants, P= 0.87, Supplemental
Fig. 6C).

Trial sequential analysis

We performed TSA for both primary and secondary
outcomes which had a significant effect on conventional
meta-analysis, and the details were presented in Supple-
mentary results, Fig. 7.1 to 7.4. Besides, the TSA of each
primary and secondary outcome were discussed some-
where in this review along with the GRADEpro summary
of the table (Tables 2 and 3). The trial sequential analysis
for the outcome “systolic blood pressure” showed that the
cumulative Z-curve crossed both alpha-spending bound-
aries, and reached the required information size thresh-
old, revealing a strong power for current evidence to
reject or accept the intervention effect on systolic blood
pressure. The estimated required information size of
3642 patients was calculated using a= 0.05 (two-sided)
and 5= 0.20 (power 80%), an anticipated estimated MD
of 26%, and a heterogeneity correction of 79.6% (Fig. 7).

Discussion

This meta-analysis revealed that overall, lifestyle modifi-
cation intervention alone and a combination of lifestyle
modification intervention and medication optimization
interventions alone reduced blood pressure, LDL-C, and
TC in patients with established CVD.

The meta-analysis revealed that interventions target-
ing lifestyle modification and medication optimization
resulted in a significant reduction in patient’s blood
pressure when compared to usual care, which is consist-
ent with some previous meta-analyses [17, 39], although
others have failed to find this [11, 40]. The disparities in
findings on the effectiveness of lifestyle modification
interventions in patients with coronary heart disease
are multifaceted, emphasizing the need for thorough
research, individualized approaches, and ongoing evalu-
ation to optimize outcomes in this patient population.
Our meta-analysis focused on the effect of lifestyle
modification and medical therapy on change in patients’
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blood pressure and serum cholesterol, while other meta-
analyses primarily target exercise-based cardiac reha-
bilitation (CR) on MACE [12], lifestyle modification on
optimization of behavioral risk factors [14, 40], mHealth
intervention on improvement of exercise capacity and
quality of life [17], lifestyle modification programs on all-
cause mortality [41], and digital interventions on healthy
behavior factors such as physical activity, healthy diet,
and medication adherence [11]. Furthermore, our meta-
analysis included recent RCTs investigating the effective-
ness of lifestyle modification and medical optimization
on blood pressure and cholesterol, and GRADEpro and
trial sequential analysis were employed to evaluate the
quality of evidence.

The meta-analysis also demonstrated a significant
reduction in patients’ LDL-C and TC, which is consist-
ent with some [11, 39] but not other prior reports [14,
17, 40]. Lifestyle modification interventions can involve
various components such as diet modification, medica-
tion adherence, physical exercise, smoking cessation,
and stress management and the effectiveness of various
interventions may vary depending on the specific strate-
gies used in each study, leading to different outcomes in
the meta-analysis. For instance, our meta-analysis inves-
tigating the effect of lifestyle modification on blood pres-
sure and serum lipids, a meta-analysis by Gandhi et al.
targeted medication adherence [17], and a meta-analysis
by Cruz-Cobo et al. tested exercise capacity [40]. Fur-
thermore, some of the systematic reviews were narrative
reviews in which case the quality of evidence might be
trivial [13-15].

Though the quality of evidence was low to moderate,
and trial sequential analysis showed that the cumulative
Z-curve did not cross TSA monitoring boundaries for
harm or benefit revealing insufficient evidence to accept
or reject the intervention effect, this meta-analysis dem-
onstrated that interventions targeting either lifestyle
modification alone or combination of lifestyle modifi-
cation and medication optimization reduced patients’
serum cholesterol.

The meta-analysis demonstrated that the interven-
tion improved medication adherence in the intervention
group which is in line with a systematic review by Aubee-
luck et al. including 8 RCTs of which 5 RCTs targeting
medication adherence revealed improvement of patients’
medication adherence [100]. A systematic review by
Fernandez et al. showed that the odds of continuing
smoking at 6-month follow-up reduced by 30% in the
intervention group [14]. This meta-analysis assessed the
strength of the evidence using grading and TSA; none-
theless, the quality of evidence was low due to impreci-
sion and inconsistency. The disparities in the findings of
the meta-analyses could be attributed to different levels
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Fig. 7 Trial sequential analysis for the outcome “systolic blood pressure”

The cumulative Z-curve crossed both alpha-spending boundaries

and reached the required information size threshold, revealing a strong power for current evidence

of motivation to quit smoking, smoking histories, and
differences in the delivery of smoking cessation interven-
tions, such as counselling sessions, medication adher-
ence, and follow-up procedures.

Strength and limitation

This meta-analysis has several strengths. First, the
protocol was registered in the international prospec-
tive register of systematic reviews. Second, new rand-
omized controlled trials with relatively large samples
were included. Third, the review included RCTs report-
ing specific outcomes to reduce heterogeneity. Fourth,
TSA was employed to assess the impact of random error
and repetitive testing to improve the robustness of our
meta-analysis. Finally, we evaluated the quality of evi-
dence for the outcomes using GRADE to help health-
care professionals make better clinical decisions. This
meta-analysis has also some limitations. There is a high
risk of heterogeneity in our meta-analysis because the
included trials were conducted with a variety of patients

with different CVDs, different types of interventions, and
other sociodemographic characteristics. However, the
subgroup analysis by risk of bias, mode of intervention,
and duration of follow-up failed to identify the sources
of heterogeneity, and the interpretation of the findings
was deemed to be cautious. Besides, the included stud-
ies were low-powered with low to moderate quality of
evidence.

Implication for policy-makers

This systematic review demonstrated that either life-
style modification intervention alone or a combination
of medication and lifestyle interventions among patients
with established CVD showed a significant reduction in
cholesterol and optimization of blood pressure. This calls
for collaboration with researchers, healthcare profes-
sionals, and public health experts to develop evidence-
based strategies that can effectively reduce CVD risk
factors and improve outcomes for those already diag-
nosed with the disease. This could involve implementing
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more targeted and personalized interventions, increasing
access to preventive care services, and promoting healthy
behaviors at the population level.

Implication for further research

This meta-analysis included a number of randomized
controlled trials investigating integrated lifestyle alone,
medication optimization alone, and a combination of
lifestyle and medication optimization, on different life-
style modification interventions. Though the meta-
analysis demonstrated a significant reduction in blood
cholesterol and blood pressure, the quality of evidence
was low to moderate, and there was substantial hetero-
geneity in some of the outcomes as the RCTs were con-
ducted among different types of intervention, CVD, and
sociodemographic characteristics. These entail further
multicentre randomized controlled trials with homoge-
nous populations, CVDs, and specific intervention types.

Conclusion

A lifestyle modification intervention alone and/or a com-
bination of lifestyle interventions and medication opti-
mization had a significant effect on total cholesterol,
low-density lipoprotein, and blood pressure; however,
the provision of the firm conclusion is less optimal with
current evidence as the included studies were unpowered
with low quality of evidence. Besides, there was consider-
able heterogeneity between studies in the meta-analysis,
which entails further multi-center randomized controlled
trials with large sample sizes, homogenous participants,
and specific interventions.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513643-025-02857-5.

[ Supplementary Material 1. }

Acknowledgements

The authors would like to acknowledge the Queensland Research Centre for
Peripheral Vascular Disease for technical support and encouragement to carry
out the project.

Authors’ contributions

SA and JG conceived the idea design of the project. SA, JG, ST, MS, and DS
were involved in searching strategy, data extraction, quality assessment,
analysis, and manuscript preparation. All authors read and approved the
manuscript.

Data availability
Data and material can be available where appropriate.

Page 19 of 22

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that there are no competing interests.

Author details

1Departmen‘[ of Anesthesia, College of Health Sciences and Medicine, Wollo
University, Dese, Ethiopia. ?Queensland Research Centre for Peripheral Vascular
Disease, College of Medicine and Dentistry, James Cook University, Townsville,
QLD, Australia. *The Australian Institute of Tropical Health and Medicine,
Townsville, QLD, Australia. *The Department of Vascular and Endovascular
Surgery, Townsville University Hospital, Townsville, QLD, Australia.

Received: 30 October 2024 Accepted: 21 April 2025
Published online: 28 July 2025

References

1. Mensah GA, Roth GA, Fuster V. The global burden of cardiovascu-
lar diseases and risk factors: 2020 and beyond. J Am Coll Cardiol.
2019;74(20):2529-32.

2. Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E, Baddour
LM, et al. Global burden of cardiovascular diseases and risk factors,
1990-2019: update from the GBD 2019 study. J Am Coll Cardiol.
2020;76(25):2982-3021.

3. Amini M, Zayeri F, Salehi M. Trend analysis of cardiovascular disease
mortality, incidence, and mortality-to-incidence ratio: results from
global burden of disease study 2017. BMC Public Health. 2021,21:1-12.

4. Nissen SE, Tuzcu EM, Libby P, Thompson PD, Ghali M, Garza D, et al.
Effect of antihypertensive agents on cardiovascular events in patients
with coronary disease and normal blood pressure: the CAMELOT study:
a randomized controlled trial. JAMA. 2004;292(18):2217-25.

5. CaiT, Abel L, Langford O, Monaghan G, Aronson JK, Stevens RJ, et al.
Associations between statins and adverse events in primary prevention
of cardiovascular disease: systematic review with pairwise, network,
and dose-response meta-analyses. Bmj. 2021,374:374.

6. Mills EJ, Rachlis B, Wu P, Devereaux PJ, Arora P, Perri D. Primary preven-
tion of cardiovascular mortality and events with statin treatments: a
network meta-analysis involving more than 65,000 patients. J Am Coll
Cardiol. 2008;52(22):1769-81.

7. An'S, Song R. Effects of health coaching on behavioral modification
among adults with cardiovascular risk factors: systematic review and
meta-analysis. Patient Educ Couns. 2020;103(10):2029-38.

8. Kariuki JK, Imes CC, Engberg SJ, Scott PW, Klem ML, Cortes Y. Impact of
lifestyle-based interventions on absolute cardiovascular disease risk: a
systematic review and meta-analysis. JBI Evid Synth. 2024,22(1):4-65.

9. Mifsud JL, Galea J, Garside J, Stephenson J, Astin F. Motivational
interviewing to support modifiable risk factor change in individuals at
increased risk of cardiovascular disease: a systematic review and meta-
analysis. PLoS ONE. 2020;15(11):e0241193.

10. Sisti LG, Dajko M, Campanella P, Shkurti E, Ricciardi W, De Waure C. The
effect of multifactorial lifestyle interventions on cardiovascular risk
factors: a systematic review and meta-analysis of trials conducted in the
general population and high risk groups. Prev Med. 2018;109:82-97.

11. Akinosun AS, Polson R, Diaz-Skeete Y, De Kock JH, Carragher L, Leslie
S, Grindle M, Gorely T. Digital technology interventions for risk factor
modification in patients with cardiovascular disease: systematic review
and meta-analysis. JMIR mHealth and uHealth. 2021;9(3):.e21061.

12. Anderson L, Oldridge N, Thompson DR, Zwisler AD, Rees K, Martin N,
Taylor RS. Exercise-based cardiac rehabilitation for coronary heart dis-
ease: cochrane systematic review and meta-analysis. J Am Coll Cardiol.
2016;:67(1):1-12


https://doi.org/10.1186/s13643-025-02857-5
https://doi.org/10.1186/s13643-025-02857-5

Abate et al. Systematic Reviews

20.

21.

22.

23.

24.

25.

26.

27.

28.

(2025) 14:153

Chiang CY, Choi KC, Ho KM, Yu SF. Effectiveness of nurse-led patient-
centered care behavioral risk modification on secondary preven-

tion of coronary heart disease: a systematic review. Int J Nurs Stud.
2018;84:28-39.

Fernandez R, Griffiths R, Everett B, Davidson P, Salamonson Y, Andrew S.
Effectiveness of brief structured interventions on risk factor modifica-
tion for patients with coronary heart disease: a systematic review. Int J
Evid Based Healthc. 2007;5(4):370-405.

Halldorsdottir H, Thoroddsen A, Ingadottir B. Impact of technology-
based patient education on modifiable cardiovascular risk factors of
people with coronary heart disease: a systematic review. Patient Educ
Couns. 2020;103(10):2018-28.

Akinosun AS, Polson R, Diaz-Skeete Y, De Kock JH, Carragher L, Leslie

S, et al. Digital technology interventions for risk factor modification in
patients with cardiovascular disease: systematic review and meta-
analysis. JMIR Mhealth Uhealth. 2021;9(3):e21061.

Gandhi S, Chen S, Hong L, Sun K, Gong E, Li C, et al. Effect of mobile
health interventions on the secondary prevention of cardiovas-

cular disease: systematic review and meta-analysis. Can J Cardiol.
2017;33(2):219-31.

Allen JK, Dennison Himmelfarb CR, Szanton SL, Bone L, Hill M, Levine
DM. COACH trial: a randomized controlled trial of nurse practitioner.
Contemp Clin Trials. 2011;32(3):403-11.

Gaudel P Neupane S, Koivisto A-M, Kaunonen M, Rantanen A. Effects
of a lifestyle-related risk factor modification intervention on lifestyle
changes among patients with coronary artery disease in Nepal. Patient
Educ Couns. 2021;104(6):1406-14.

Clark AM, Hartling L, Vandermeer B, McAlister FA. Meta-analysis: second-
ary prevention programs for patients with coronary artery disease. Ann
Intern Med. 2005;143(9):659-72.

Rippe JM, Angelopoulos TJ. Lifestyle strategies for risk factor reduction,
prevention and treatment of cardiovascular disease. Lifestyle medicine,
Third Edition. 2019:19-36.

Gordon NF, Salmon RD, Alter DA, Franklin BA. Effect of a lifestyle health
coaching program on multiple cardiovascular disease risk factors in
participants with classes |, II, and Il OBESITY: Poster# S131. J Cardiopulm
Rehabil Prev. 2008;28(4):280.

O'Connor EA, Evans CV, Rushkin MC, Redmond N, Lin JS. Behavioral
counseling to promote a healthy diet and physical activity for cardio-
vascular disease prevention in adults with cardiovascular risk factors:
updated evidence report and systematic review for the US Preventive
Services Task Force. JAMA. 2020;324(20):2076-94.

Virani SS, Newby LK, Arnold SV, Bittner V, Brewer LC, Demeter SH, et al.
2023 AHA/ACC/ACCP/ASPC/NLA/PCNA guideline for the management
of patients with chronic coronary disease: a report of the American
Heart Association/American College of Cardiology Joint Committee on
Clinical Practice Guidelines. J Am Coll Cardiol. 2023;82(9):833-955.
Levine GN, Bates ER, Bittl JA, Brindis RG, Fihn SD, Fleisher LA, et al. 2016
ACC/AHA guideline focused update on duration of dual antiplate-

let therapy in patients with coronary artery disease: a report of the
American College of Cardiology/American Heart Association Task Force
on Clinical Practice Guidelines: an update of the 2011 ACCF/AHA/SCAI
guideline for percutaneous coronary intervention, 2011 ACCF/AHA
guideline for coronary artery bypass graft surgery, 2012 ACC/AHA/ACP/
AATS/PCNA/SCAI/STS guideline for the diagnosis and management of
patients with stable ischemic heart disease, 2013 ACCF/AHA guideline
for the management of ST-elevation myocardial infarction, 2014 AHA/
ACC guideline for the management of patients with non-ST-elevation
acute coronary syndromes, and 2014 ACC/AHA guideline on periopera-
tive cardiovascular evaluation and management of patients undergo-
ing noncardiac surgery. Circulation. 2016;134(10):e123-55.

Saragih ID, Schorr E, Porta CM, Batubara SO, Lee BO. Effects of
telehealth-assisted interventions for secondary prevention of cardio-
vascular disease: a systematic review and meta-analysis. J Clin Nurs.
2023;32(13-14):3613-29.

Neubeck L, Redfern JU, Fernandez R, Briffa T, Bauman A, Freedman SB.
Telehealth interventions for the secondary prevention of coronary
heart disease: a systematic review. Eur J Cardiovasc Prev Rehabil.
2009;16(3):281-9.

Jin K, Khonsari S, Gallagher R, Gallagher P, Clark AM, Freedman B, et al.
Telehealth interventions for the secondary prevention of coronary

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Page 20 of 22

heart disease: a systematic review and meta-analysis. Eur J Cardiovasc
Nurs. 2019;18(4):260-71.

Lawlor ER, Bradley DT, Cupples ME, Tully MA. The effect of community-
based interventions for cardiovascular disease secondary prevention
on behavioural risk factors. Prev Med. 2018;114:24-38.

Esmaeili Vardanjani SA, Fanisaberi L, Alirezaee Shahraki F, Khalilza-

deh A, Tavakoli Vardanjani A, Ghani DF. The effect of face-to-face
education and educational booklet on heart health indexes of the
hospitalized patients with myocardial infarction. Nutr Res Pract.
2013;2013(1):675634.

Williamson TM, Moran C, McLennan A, Seidel S, Ma PP, Koerner M-L,

et al. Promoting adherence to physical activity among individuals
with cardiovascular disease using behavioral counseling: a theory and
research-based primer for health care professionals. Prog Cardiovasc
Dis. 2021,64:41-54.

Winter SJ, Sheats JL, King AC. The use of behavior change techniques
and theory in technologies for cardiovascular disease prevention and
treatment in adults: a comprehensive review. Prog Cardiovasc Dis.
2016;58(6):605-12.

Webb T, Joseph J, Yardley L, Michie S. Using the internet to promote
health behavior change: a systematic review and meta-analysis of the
impact of theoretical basis, use of behavior change techniques, and
mode of delivery on efficacy. J Med Internet Res. 2010;12(1):e1376.
Takahashi EA, Schwamm LH, Adeoye OM, Alabi O, Jahangir E, Misra S,
et al. An overview of telehealth in the management of cardiovascular
disease: a scientific statement from the American Heart Association.
Circulation. 2022;146(25):e558-68.

Saragih ID, Schorr E, Porta CM, Batubara SO, Lee BO. Effects of tel-
ehealth-assisted interventions for secondary prevention of cardio-
vascular disease: A systematic review and meta-analysis. J Clin Nurs.
2023;32(13-14):3613-29.

Deng L, Wu Q, Ding F, LiuY, Shen J, Lin Y, et al. The effect of tel-
emedicine on secondary prevention of atherosclerotic cardiovascular
disease: a systematic review and meta-analysis. Front Cardiovasc Med.
2022;9:1020744.

Al-Dhahir I, Reijnders T, Faber JS, van den Berg-Emons RJ, Janssen VR,
Kraaijenhagen RA, et al. The barriers and facilitators of eHealth-based
lifestyle intervention programs for people with a low socioeconomic
status: scoping review. J Med Internet Res. 2022;24(8):e34229.

Brown DW, Balluz LS, Heath GW, Moriarty DG, Ford ES, Giles WH, et al.
Associations between recommended levels of physical activity and
health-related quality of life findings from the 2001 Behavioral Risk Fac-
tor Surveillance System (BRFSS) survey. Prev Med. 2003;37(5):520-8.
Turan Kavradim S, Ozer Z, Boz |. Effectiveness of telehealth interventions
as a part of secondary prevention in coronary artery disease: a system-
atic review and meta-analysis. Scand J Caring Sci. 2020;34(3):585-603.
Cruz-Cobo C, Bernal-Jiménez MA, Vazquez-Garcfa R, Santi-Cano MJ.
Effectiveness of mHealth interventions in the control of lifestyle and
cardiovascular risk factors in patients after a coronary event: systematic
review and meta-analysis. JMIR Mhealth Uhealth. 2022;10(12):€39593.
Janssen V, Gucht VD, Dusseldorp E, Maes S. Lifestyle modification pro-
grammes for patients with coronary heart disease: a systematic review
and meta-analysis of randomized controlled trials. Eur J Prev Cardiol.
2013;20(4):620-40.

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD,
Shamseer L, Tetzlaff JM, Akl EA, Brennan SE, Chou R. The PRISMA 2020
statement: an updated guideline for reporting systematic reviews. bmj.
2021;372.

Abed HS, Wittert GA, Leong DP, Shirazi MG, Bahrami B, Middeldorp
ME, et al. Effect of weight reduction and cardiometabolic risk factor
management on symptom burden and severity in patients with atrial
fibrillation: a randomized clinical trial. JAMA. 2013:310(19):2050-60.
Bae JW, Woo SI, Lee J, Park SD, Kwon SW, Choi SH, et al. mHealth
interventions for lifestyle and risk factor modification in coronary
heart disease: randomized controlled trial. IMIR Mhealth Uhealth.
2021,9(9):29928.

Chow CK, Redfern J, Thiagalingam A, Jan S, Whittaker R, Hackett M,

et al. Design and rationale of the tobacco, exercise and diet messages
(TEXT ME) trial of a text message-based intervention for ongoing
prevention of cardiovascular disease in people with coronary disease: a
randomised controlled trial protocol. BMJ Open. 2012;2(1):e000606.



Abate et al. Systematic Reviews

46.

47.

48.

49.

50.

52.

53.

54.

55.

56.

57.

58.

59.

60.

62.

63.

64.

(2025) 14:153

Dorje T, Zhao G, Tso K, Wang J, Chen Y, Tsokey L, et al. Smartphone and
social media-based cardiac rehabilitation and secondary prevention

in China (SMART-CR/SP): a parallel-group, single-blind, randomised
controlled trial. Lancet Digit Health. 2019;1(7):e363-74.

Engelen MM, van Dulmen S, Puijk-Hekman S, Vermeulen H, Nijhuis-van
der Sanden MW, Bredie SJ, et al. Evaluation of a web-based self-man-
agement program for patients with cardiovascular disease: explorative
randomized controlled trial. J Med Internet Res. 2020;22(7):e17422.
Fernandez RS, Davidson P, Griffiths R, Juergens C, Stafford B, Salamon-
son Y. A pilot randomised controlled trial comparing a health-related
lifestyle self-management intervention with standard cardiac rehabilita-
tion following an acute cardiac event: Implications for a larger clinical
trial. Aust Crit Care. 2009;22(1):17-27.

Gallagher R, Chow CK, Parker H, Neubeck L, Celermajer DS, Redfern J,
et al. The effect of a game-based mobile app ‘MyHeartMate'to promote
lifestyle change in coronary disease patients: a randomized controlled
trial. Eur Heart J-Digit Health. 2023;4(1):33-42.

Goessens BM, Visseren FL, Sol BG, de Man-van Ginkel JM, van der Graaf
Y. A randomized, controlled trial for risk factor reduction in patients with
symptomatic vascular disease: the multidisciplinary Vascular Prevention
by Nurses Study (VENUS). Eur J Prev Cardiol. 2006;13(6):996-1003.
Lehmann N, Paul A, Moebus S, Budde T, Dobos GJ, Michalsen A. Effects
of lifestyle modification on coronary artery calcium progression and
prognostic factors in coronary patients—3-year results of the rand-
omized SAFE-LIFE trial. Atherosclerosis. 2011,219(2):630-6.

LiY, GongY, Zheng B, Fan F,YiT, Zheng Y, et al. Effects on adherence

to a Mobile app-based self-management digital therapeutics among
patients with coronary heart disease: pilot randomized controlled trial.
JMIR Mhealth Uhealth. 2022;10(2):32251.

Liu T, Chan AWK, Chair SY. Group-plus home-based Tai Chi pro-

gram improves functional health among patients with coronary

heart disease: a randomized controlled trial. Eur J Cardiovasc Nurs.
2022;21(6):597-611.

Ogmundsdattir Michelsen H, Sjolin I, Back M, Gonzalez Garcia M,
Olsson A, Sandberg C, et al. Effect of a lifestyle-focused web-based
application on risk factor management in patients who have had a
myocardial infarction: randomized controlled trial. J Med Internet Res.
2022,24(3):e25224.

Ornish D, Scherwitz LW, Billings JH, Gould KL, Merritt TA, Sparler S, et al.
Intensive lifestyle changes for reversal of coronary heart disease. JAMA.
1998;280(23):2001-7.

Park M, Song R, Jeong J-O. Effect of goal attainment theory based edu-
cation program on cardiovascular risks, behavioral modification, and
quality of life among patients with first episode of acute myocardial
infarction: randomized study. Int J Nurs Stud. 2017;71:8-16.

Saffi MAL, Polanczyk CA, Rabelo-Silva ER. Lifestyle interventions reduce
cardiovascular risk in patients with coronary artery disease: a rand-
omized clinical trial. Eur J Cardiovasc Nurs. 2014;13(5):436-43.

Zheng X, Spatz ES, Bai X, Huo X, Ding Q, Horak P, et al. Effect of text
messaging on risk factor management in patients with coronary heart
disease: the CHAT randomized clinical trial. Circ: Cardiovasc Qual Out-
comes. 2019;12(4):e005616.

Appel L. Lifestyle modification as a means to prevent and treat high
blood pressure. J Am Soc Nephrol. 2003;14(suppl_2):599-102.

Blokstra A, van Dis I, Verschuren WM. Efficacy of multifactorial lifestyle
interventions in patients with established cardiovascular diseases and
high risk groups. Eur J Cardiovasc Nurs. 2012;11(1):97-104.

Blumenthal JA, Sherwood A, Babyak MA, Watkins LL, Waugh R, Geor-
giades A, et al. Effects of exercise and stress management training on
markers of cardiovascular risk in patients with ischemic heart disease: a
randomized controlled trial. JAMA. 2005;293(13):1626-34.

Dornelas EA, Sampson RA, Gray JF, Waters D, Thompson PD. A rand-
omized controlled trial of smoking cessation counseling after myocar-
dial infarction. Prev Med. 2000;30(4):261-8.

Duncan S, Goodyear-Smith F, McPhee J, Zinn C, Grentved A, Schofield
G. Family-centered brief intervention for reducing obesity and
cardiovascular disease risk: A randomized controlled trial. Obesity.
2016;24(11):2311-8.

Farkouh ME, Boden WE, Bittner V, Muratov V, Hartigan P, Ogdie M, et al.
Risk factor control for coronary artery disease secondary prevention in
large randomized trials. J Am Coll Cardiol. 2013;61(15):1607-15.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Page 21 of 22

Feeney GF, McPherson A, Connor JP, McAlister A, Young R, Garrahy

P. Randomized controlled trial of two cigarette quit programmes in
coronary care patients after acute myocardial infarction. Intern Med J.
2001;31(8):470-5.

Golshahi J, Ahmadzadeh H, Sadeghi M, Mohammadifard N, Pour-
moghaddas A. Effect of self-care education on lifestyle modification,
medication adherence and blood pressure in hypertensive adults: rand-
omized controlled clinical trial. Adv Biomed Res. 2015;4(1):204.
Gonzalez-Sanchez J, Recio-Rodriguez JI, Fernandez-delRio A, Sanchez-
Perez A, Magdalena-Belio JF, Gomez-Marcos MA, et al. Using a smart-
phone app in changing cardiovascular risk factors: a randomized con-
trolled trial (EVIDENT Il study). Int J Med Informatics. 2019;125:13-21.
Goyer L, Dufour R, Janelle C, Blais C, LAbbé C, Raymond E, et al. Ran-
domized controlled trial on the long-term efficacy of a multifaceted,
interdisciplinary lifestyle intervention in reducing cardiovascular risk
and improving lifestyle in patients at risk of cardiovascular disease. J
Behav Med. 2013;36:212-24.

Helle M-L, de Faire U, Berglund B, Hamsten A, Krakau I. Diet and exercise
are equally effective in reducing risk for cardiovascular disease. Results
of a randomized controlled study in men with slightly to moderately
raised cardiovascular risk factors. Atherosclerosis. 1993;103(1):81-91.
IJzelenberg W, Hellemans IM, van Tulder MW, Heymans MW, Rauwerda
JA, van Rossum AC, et al. The effect of a comprehensive lifestyle
intervention on cardiovascular risk factors in pharmacologically treated
patients with stable cardiovascular disease compared to usual care: a
randomised controlled trial. BMC Cardiovasc Disord. 2012;12:1-12.
Jakobsson S, Irewall A-L, Bjorklund F, Mooe T. Cardiovascular secondary
prevention in high-risk patients: a randomized controlled trial sub-
study. BMC Cardiovasc Disord. 2015;15:1-8.

Jeemon P, Harikrishnan S, Ganapathi S, Sivasankaran S, Binukumar

B, Padmanabhan S, et al. Efficacy of a family-based cardiovascular

risk reduction intervention in individuals with a family history of
premature coronary heart disease in India (PROLIFIC): an open-label,
single-centre, cluster randomised controlled trial. Lancet Glob Health.
2021,9(10):e1442-50.

Jeemon P, Harikrishnan S, Sanjay G, Sivasubramonian S, Lekha T, Pad-
manabhan S, et al. A PROgramme of Lifestyle Intervention in Families
for Cardiovascular risk reduction (PROLIFIC Study): design and rationale
of a family based randomized controlled trial in individuals with fam-
ily history of premature coronary heart disease. BMC Public Health.
2017;17:1-11.

Jepma P, Jorstad HT, Snaterse M, Ter Riet G, Kragten H, Lachman S, et al.
Lifestyle modification in older versus younger patients with coronary
artery disease. Heart. 2020;106(14):1066-72.

Kambic T, Sarabon N, Had~i¢ V, Lainscak M. Effects of high-and low-load
resistance training in patients with coronary artery disease: a rand-
omized controlled clinical trial. Eur J Prev Cardiol. 2022;29(15):e338-42.
Kandula NR, Dave S, De Chavez PJ, Bharucha H, Patel Y, Sequil P, et al.
Translating a heart disease lifestyle intervention into the community:
the South Asian Heart Lifestyle Intervention (SAHELI) study; a rand-
omized control trial. BMC Public Health. 2015;15:1-10.

Khetan A, Zullo M, Rani A, Gupta R, Purushothaman R, Bajaj NS, et al.
Effect of a community health worker-based approach to integrated car-
diovascular risk factor control in India: a cluster randomized controlled
trial. Glob Heart. 2019;14(4):355-65.

Klimis H, Thiagalingam A, McIntyre D, Marschner S, Von Huben A, Chow
CK. Text messages for primary prevention of cardiovascular disease: the
TextMe2 randomized clinical trial. Am Heart J. 2021,242:33-44.

Kooy MJ, Wijk BL, Boer A, Heerdink ER, Bouvy ML. Does the use of

an electronic reminder device with or without counseling improve
adherence to lipid-lowering treatment? The results of a randomized
controlled trial. Front Pharmacol. 2013;4:43833.

Little P, Dorward M, Gralton S, Hammerton L, Pillinger J, White P, et al. A
randomised controlled trial of three pragmatic approaches to initiate
increased physical activity in sedentary patients with risk factors for
cardiovascular disease. Br J Gen Pract. 2004;54(500):189-95.

Michalsen A, Grossman P, Lehmann N, Knoblauch NT, Paul A, Moebus
S, et al. Psychological and quality-of-life outcomes from a comprehen-
sive stress reduction and lifestyle program in patients with coronary
artery disease: results of a randomized trial. Psychother Psychosom.
2005;74(6):344-52.



Abate et al. Systematic Reviews

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

(2025) 14:153

Minneboo M, Lachman S, Snaterse M, Jgrstad HT, Ter Riet G, Boek-
holdt SM, et al. Community-based lifestyle intervention in patients
with coronary artery disease: the RESPONSE-2 trial. J Am Coll Cardiol.
2017,70(3):318-27.

Mohammadi N, Aghayousefi A, Nikrahan GR, Adams CN, Alipour A, Sad-
eghi M, et al. A randomized trial of an optimism training intervention in
patients with heart disease. Gen Hosp Psychiatry. 2018;51:46-53.
Oldenburg B, Martin A, Greenwood J, Bernstein L, Allan R. A controlled
trial of a behavioral and educational intervention following coronary
artery bypass surgery. J Cardiopulm Rehabil Prev. 1995;15(1):39-46.
Pérraga-Martinez I, Escobar-Rabadén F, Rabanales-Sotos J, Lago-Deibe F,
Téllez-Lapeira JM, Villena-Ferrer A, et al. Efficacy of a combined strategy
to improve low-density lipoprotein cholesterol control among patients
with hypercholesterolemia: a randomized clinical trial. Rev Esp Cardiol
(English Edition). 2018;71(1):33-41.

Sherwood A, Blumenthal JA, Smith PJ, Watkins LL, Hoffrman BM, Hinder-
liter AL. Effects of exercise and sertraline on measures of coronary heart
disease risk in patients with major depression: results from the SMILE-I
randomized clinical trial. Psychosom Med. 2016;78(5):602-9.

Southard BH, Southard DR, Nuckolls J. Clinical trial of an Internet-based
case management system for secondary prevention of heart disease. J
Cardiopulm Rehabil Prev. 2003;23(5):341-8.

Tekkesin I, Cinier G, Hayiroglu M, Ozdemir YS, Yildinmtrk O, inan

D, et al. Rationale and design of lifestyle intervention using mobile
technology in patients with high cardiovascular risk: a pragmatic rand-
omized clinical trial. Turk Kardiyoloji Dernegi Arsivi. 2020;48(2):149.
Watson S, Woodside JV, Ware LJ, Hunter SJ, McGrath A, Cardwell CR,

et al. Effect of a web-based behavior change program on weight loss
and cardiovascular risk factors in overweight and obese adults at high
risk of developing cardiovascular disease: randomized controlled trial. J
Med Internet Res. 2015;17(7):e3828.

Westland H, Schuurmans MJ, Bos-Touwen ID, de Bruin-van Leersum
MA, Monninkhof EM, Schréder CD, et al. Effectiveness of the nurse-led
activate intervention in patients at risk of cardiovascular disease in pri-
mary care: a cluster-randomised controlled trial. Eur J Cardiovasc Nurs.
2020;19(8):721-31.

Wood D, Kotseva K, Connolly S, Jennings C, Mead A, Jones J, et al.
Nurse-coordinated multidisciplinary, family-based cardiovascular dis-
ease prevention programme (EUROACTION) for patients with coronary
heart disease and asymptomatic individuals at high risk of cardiovas-
cular disease: a paired, cluster-randomised controlled trial. Lancet.
2008;371(9629):1999-2012.

Yadav S, Kalal N, Sharma S, Deora S. Effect of nurse-led lifestyle modi-
fication follow up program on health outcomes and quality of life
among post myocardial infarction patients: a randomized controlled
trial. Eur J Cardiovasc Nurs. 2022;21(Supplement_1):zvac060. 89.
ZhangY, Mei S, Yang R, Chen L, Gao H, Li L. Effects of lifestyle interven-
tion using patient-centered cognitive behavioral therapy among
patients with cardio-metabolic syndrome: a randomized, controlled
trial. BMC Cardiovasc Disord. 2016;16:1-9.

Zheng X, Yu H, Qiu X, Chair SY, Wong EML, Wang Q. The effects of

a nurse-led lifestyle intervention program on cardiovascular risk,
self-efficacy and health promoting behaviours among patients with
metabolic syndrome: randomized controlled trial. Int J Nurs Stud.
2020;109:103638.

Chandler J, Cumpston M, Li T, Page M, Welch V. Cochrane handbook for
systematic reviews of interventions. Hoboken: Wiley; 2019.

Abd El-Hamid AM, Alrabiey MI, Abd El-Fattah MH. A comparison of the
postoperative analgesic effects of intravenous dexmedetomidine with
a combination of dexmedetomidine and bupivacaine wound infiltra-
tion for lower segment cesarean section: a prospective, randomized
study. Ain-Shams J Anaesthesiol. 2016;9(2):235.

Guyatt GH, Oxman AD, Kunz R, Brozek J, Alonso-Coello P, Rind D, et al.
GRADE guidelines 6. Rating the quality of evidence—imprecision. J Clin
Epidemiol. 2011;64(12):1283-93.

Chow CK, Redfern J, Hillis GS, Thakkar J, Santo K, Hackett ML, et al.
Effect of lifestyle-focused text messaging on risk factor modification in
patients with coronary heart disease: a randomized clinical trial. JAMA.
2015;314(12):1255-63.

Gallagher R, Chow C, Parker H. Design and rationale of the MyHeart-
Mate study. a randomised controlled trial of a game-based app to

100.

101.

Page 22 of 22

promote behaviour change in patients with cardiovascular disease.
2019:9.

Aubeeluck E, Al-Arkee S, Finlay K, Jalal Z. The impact of pharmacy care
and motivational interviewing on improving medication adherence

in patients with cardiovascular diseases: a systematic review of ran-
domised controlled trials. Int J Clin Pract. 2021;75(11):e14457.
Tchana-Sato V, Koch JN, Ancion A, Adelin A, Minga Lowampa E, Burelli
M, et al. Abdominal aortic aneurysm in heart transplant recipients: new
insights from a 30-year experience at a single center. Ann Vasc Surg.
2022,87:478-86.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	A systematic review and meta-analysis testing the effect of lifestyle modification and medication optimization programs on cholesterol and blood pressure in patients with cardiovascular disease
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 
	Systematic review registration 

	Background
	Description of the condition
	Description of the intervention
	How the intervention might work
	Why it is important to do this review


	Methods
	Protocol registration
	Design and search strategy
	Criteria for inclusion
	Criteria for exclusion
	Outcomes of interest
	Data extraction

	Critical appraisal
	Data analysis

	Results
	Selection of studies
	Description of the included studies
	Description of the interventions
	Effectiveness of the interventions
	Systolic blood pressure (SBP)
	DBP
	LDL-C
	TC

	Other outcomes
	All trials reporting medication adherence
	All trials reporting MACE

	Trial sequential analysis

	Discussion
	Strength and limitation
	Implication for policy-makers
	Implication for further research

	Conclusion
	Acknowledgements
	References


