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Abstract

The prevalence of chronic disease associated with unhealthy lifestyles has been increasing

worldwide. Health professionals have recognized that self-management programs (SMPs)

can provide health benefits by promoting health behaviors, especially when applied to indi-

viduals with lifestyle-related chronic disease. This review performed a meta-analysis of the

features of SMPs using randomized studies and analyzed the magnitude of the combined

effects of self-management on behavioral modification. We searched the PubMed, CINAHL,

ScienceDirect, SCOPUS, Web of Science, Embase, Cochrane Library, DBpia, and KISS to

identify randomized trials that evaluated the behavioral outcomes of SMPs. Subgroup analy-

ses were performed for program duration, providers, type of comparisons, and program set-

tings. We selected 25 studies (N = 5,681) to perform analyses with random-effects models.

The effect sizes of SMPs were small but significant for physical activity (standardized differ-

ence in means [SDM] = 0.25), dietary habits (SDM = 0.28), and health responsibility (SDM =

0.18), and not significant for stress management and smoking behaviors. A short-term

SMPs (less than 12 weeks) was indicated as being effective in modifying physical activity,

dietary habits, and health responsibility, while the program effects on dietary habits were sig-

nificant only with expert-delivered education and when compared with inactive controls. The

findings of this study indicate that SMPs can effectively improve physical activity, dietary

habits, and health responsibility in individuals with chronic disease, with a small but signifi-

cant effect size. Future studies should explore the effects of SMPs on stress management

and smoking cessation and assess the long-term maintenance of healthy lifestyles in indi-

viduals with lifestyle-related chronic disease.

Introduction

Chronic disease associated with unhealthy lifestyle is currently the most common cause of

mortality worldwide, accounting for approximately 31% of all deaths [1, 2]. Modifiable factors
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that contribute to the development of lifestyle-related chronic disease include smoking, high

cholesterol, poor dietary habits, lack of physical activity, stress, and obesity [3]. Interventions

for preventing lifestyle-related chronic diseases focus on managing modifiable cardiovascular

risk factors, long-term behavioral modifications that increase physical activity, improving die-

tary habits, improving health responsibility and stress management, and cessation of smoking

and alcohol consumption [4].

Among the various interventions for managing lifestyle-related chronic disease, a self-man-

agement program (SMP) based on an evidence-based disease prevention model focuses on

behavioral modifications and self-management strategies in adults with chronic disease [5].

The goal of an SMP is to manage the health conditions of patients with chronic disease,

improve their health status, and reduce their medical costs. Since most of the lifestyle-related

chronic disease is dependent on self-management, behavioral modification through SMP is

considered the most important treatment strategy. Most adults with lifestyle-related chronic

disease, however, do not follow their recommended treatment regimens or maintain the modi-

fications in their lifestyle in the long term [6–9]. Previous randomized controlled trials (RCTs)

of patients with chronic disease and modifiable cardiovascular risk factors have consistently

found that SMPs have positive effects on behavioral modifications, which leads to risk reduc-

tion and improved quality of life [10–12]. While a previous meta-analysis of SMPs mostly

examined physiological outcomes for patients with chronic diseases [13], SMPs focus on

the behavioral aspect of chronic disease management, for which those with lifestyle-related

chronic disease have not been specifically assessed.

This study therefore aimed to identify randomized studies that used an SMP to improve

the performance of health behaviors and to determine the size of the program’s combined

effect on physical activity, dietary habits, health responsibility, stress management, and

smoking in patients with lifestyle-related chronic disease and modifiable cardiovascular risk

factors.

Materials and method

Search strategy

We searched for studies published from 2000 to December 2020 using international data-

bases such as PubMed, CINAHL, ScienceDirect, SCOPUS, Web of Science, Embase,

Cochrane Library, and Korean databases such as DBpia and KISS. This study conformed

to the guidelines of the PRISMA (Preferred Reporting Items for Systematic Reviews and

Meta-Analyses) [14]. The PICO (participants, interventions, comparisons and outcomes)

framework was applied to our literature search. Search terms included various spellings

and transliterations of self-management and lifestyle-disease keywords. The review

protocol was registered at http://www.crd.york.ac.uk/PROSPERO (Registration number:

CRD42021247523).

An example search strategy for PubMed was as follows: (((hypertension [MeSH Terms])

OR (diabetes [MeSH Terms]) OR (dyslipidemia [MeSH Terms]) OR (overweight [MeSH

term]) OR (stroke [MeSH Terms]) OR (arthritis [MeSH Terms]) OR ((chronic� [All Fields])

AND (disease� [All Fields]))) NOT ((pulmonary disease, chronic obstructive [MeSH

Terms]))) AND (((self [All Fields]) AND (management� [All Fields])) OR ((self management

[All Fields]) AND support� [All Fields])) OR ((self [All Fields]) AND (regulation� [All

Fields])) OR ((self [All Fields]) AND (monitoring [All Fields]))). Bibliographies of the

retrieved articles national and international dissertations, conference proceedings and Google

Scholar were used to perform manual searches for additional studies and grey literature.
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PICO framework

Adult participants (�18 years old) with lifestyle-related chronic diseases and modifiable car-

diovascular risk factors were included, such as diabetes, hypertension, hyperlipidemia, and

obesity. The study intervention was an SMP alongside the basic mechanism of self-efficacy.

The comparison was a control group provided with usual care, no treatment, health education,

motivational interviewing, or group based exercise or mindful eating. The outcomes were spe-

cific health behaviors in association with modifiable cardiovascular risk factors, including

physical activity, dietary habits, health responsibility, stress management, and smoking-related

behavior [15].

The behavior modification activities that we focused on were everyday physical movements

or regular exercise. Dietary habits referred to the extent to which the diet was healthy and bal-

anced [16, 17]. Health responsibility referred to behavioral lifestyle changes with knowledge

based personal and social responsibility, such as health care utilization, glucose monitoring,

and medication adherence [18, 19]. Stress management involved managing stress to reduce

cardiovascular disease and mortality risk [20]. Smoking-related behaviors comprised smoking

cessation [21, 22] and tobacco dependence [23].

Inclusion and exclusion criteria

The following inclusion criteria were developed: (1) RCTs on lifestyle-related chronic disease

populations and published in English and Korean, (2) interventions conducted when an SMP

was used regardless of its delivery mode or intensity, (3) presence of lifestyle-related chronic

disease and modifiable cardiovascular risk factors such as diabetes, hypertension, hyperlipid-

emia, and obesity, and (4) assessments conducted on the behavioral outcomes of cardiac health

behaviors (physical activity, dietary habits, health responsibility, stress management, and

smoking). The exclusion criteria were (1) SMP conducted alongside other intervention pro-

grams, (2) inclusion of subjects with chronic diseases not related to modifiable cardiovascular

risk factors, such as kidney disease, cancer, or arthritis, and (3) no pertinent data reported for

the meta-analysis.

Study selection (assessment of the risk of bias in the included studies)

Two reviewers (S.K. and R.S.) independently assessed the risk of bias in all included studies

based on the Cochrane guidelines [24]. Reviewers were instructed to provide justifications for

their assessments, to account for discrepancies, and to generate consensus ratings. Evaluated

criteria included selection bias (random sequence generation and allocation concealment),

performance bias (blinding of participants and personnel), detection bias (outcome assessment

blinding), attrition bias (incomplete outcome data), reporting bias (selective reporting), and

other sources of bias (baseline imbalance and differential attrition). Each criterion was rated

as low, high, or unclear [24]. Any disagreements between the independent reviewers were

resolved through group discussions.

Data extraction

Two independent reviewers (S.K. and R.S.) extracted the data based on the Cochrane guide-

lines [24]. Extracted data included the mean and standard deviation (SD) of the pre- and post-

test values in each group, the mean and SD values of changes in scores in each group, and the t
score or p value within groups. Comprehensive Meta-Analysis Software (version 3) was used

to estimate effect sizes (standardized differences in means [SDMs]) with 95% confidence inter-

vals (CIs), and Egger’s regression test (p>.050) assessed publication bias with funnel plots as a
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reference. Heterogeneity was assessed using forest plots and I2 tests (>50%) to quantify incon-

sistencies in the included studies [25]. Effect sizes were calculated using a random-effects

model as there were differences in disease type or composition and duration of the interven-

tion [26].

According to the research purposes, a subgroup analysis was conducted to compare the

program effects according to the program duration, program provider, the type of compari-

sons, and program settings.

Results and discussion

Participant characteristics and study settings

Our database searches identified 13,437 publications (5,095 studies on patients with lifestyle-

related chronic disease) (Fig 1). Duplicate citations (k = 446) were removed using biblio-

graphic software, leaving 12,991 citations for screening of the title and Abstract. After the ini-

tial screening of the inclusion and exclusion criteria, 64 full-text articles were reviewed. As

listed in Table 1, 25 RCTs met the inclusion criteria and were included in the meta-analysis.

All studies were published from 2003 to 2020. Nine studies were conducted in the USA, and

the rest were conducted in China, Japan, Thailand, Australia, Canada, France, India, the Neth-

erlands, Norway, and Canada. Participants were recruited from the community or a hospital.

Fig 1. PRISMA flow diagram.

https://doi.org/10.1371/journal.pone.0254995.g001
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Among the cardiovascular risk factors, 14 studies applied SMPs to adults with diabetes, hyper-

tension, hyperlipidemia, metabolic syndrome, or obesity.

Assessment of risk of bias in RCTs

The risk of bias was low in all 25 RCTs (Fig 2). A specific random sequence or an allocation

concealment process were reported for 18 (72%) and 16 (64%) studies, respectively. Participant

and researcher blinding was impossible in most studies due to the characteristics of the RCTs,

and blinding of the outcome assessments were reported for six studies (24%). All studies had

a low dropout rate (<20%). The timing of outcome assessments was reported for all studies.

Fig 2. Summary of the risk of bias.

https://doi.org/10.1371/journal.pone.0254995.g002
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All studies also had a low risk of selection bias. Our meta-analysis therefore included all 25

studies.

Intervention and control group characteristics

Self-management interventions differed in their contents, durations, providers, and intensities

(Table 1). The SMP sessions lasted from 10 to 180 minutes, and there were from 2 to 12 ses-

sions. The overall SMP duration ranged from 3 days to 12 months. Each SMP was conducted

on an individual basis (k = 18), group basis (k = 3), or a combination of both (k = 4). SMPs

were delivered by either an expert (k = 16; health professionals, dieticians, or psychologists) or

a peer (k = 9). The various components of SMP were considered, including education, inter-

view, home visits, letters, phone calls, and discussions using health lifestyle apps.

The comparison groups mostly received the usual care or no treatment (k = 16), while nine

studies considered group education as written assignments [27], mindful eating interventions

[28], diabetes education [21, 29], health education [30, 31], or nutrition and exercise education

[32].

Primary analyses

Fig 3 shows the random-effects model, which calculated the effects of SMP on physical activity,

dietary habits, health responsibility, stress management, and smoking. Subgroup analyses were

Fig 3. Forest plots of the effects of self-management programs (SMPs) on health behaviors. Notes: SDM, standardized difference in means; Cl,

confidence interval; LL, lower limit; UL, upper limit.

https://doi.org/10.1371/journal.pone.0254995.g003
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conducted based on program duration (short term [<12 weeks] vs. long-term [�12 weeks]),

program provider (expert vs. peer), the type of comparisons (active control [education or

physical activity] vs. passive control [usual care or no treatment]), and program settings (hos-

pital vs. community).

Physical activities. Assessment of physical activity was an outcome of the SMP in 20 stud-

ies, as measured using physical activities scales [33, 34], exercise goal attainment [35], physical

activity [36], the Physical Activity Scale for the Elderly [27], the Community Healthy Activities

Model Program for Seniors [37], and a physical activity log book [38].

From the random-effects model, the pooled effect size of 20 studies for physical activities

was small but significant (SMD = 0.25, 95% CI = 0.16~0.34, I2 = 49.5%) but potentially had

publication bias (p = .039). The subgroup analyses were conducted for program duration,

program provider, type of comparisons and program settings. The effect of short-term SMP

(k = 12) was SMD = 0.23 (95% CI = 0.13~0.34, I2 = 29.9%) with potential publication bias (p =

.008), while the effect of long-term SMP (k = 8) was SMD = 0.29 (95% CI = 0.11~0.46, I2 =

66.9%) with no publication bias (p = .587). No significant difference was found on the effect

size of different intervention durations (Q = 0.25, p = .614) (Fig 3A).

Subgroup analyses on program providers revealed that the effect size of SMP on expert pro-

viders (k = 13) was SMD = 0.28 (95% CI = 0.16~0.41, I2 = 63.0%) with no publication bias (p =

.094), while that of peer providers (k = 7) was SMD = 0.20 (95% CI = 0.05~0.35, I2 = 0.0%)

with no publication bias (p = .354). The difference between the effect sizes of the program pro-

viders was not significant (Q = 0.75, p = .388) (Fig 3B).

Six of the 20 RCTs in which physical activity was assessed used active control for compari-

sons, while the other 14 compared SMP with usual care or no treatment controls. The effect

size of the SMP on physical activity with active control was SMD = 0.19 (95% CI = 0.02~0.37,

I2 = 0.0%) with potential publication bias (p = .079). When SMP was compared with usual

care or no treatment control, the effect size was larger (SMD = 0.27, 95% CI = 0.16~0.38, I2 =

60.9%) with no publication bias (p = .105). The difference between the effect sizes of the con-

trol groups was not significant (Q = 0.55, p = .457) (Fig 3C).

Subgroup analysis on program settings revealed that the community based SMP (k = 8) had

a smaller effect size (SMD = 0.21, 95% CI = 0.07~0.35, I2 = 0.0%) than the hospital based SMP

(k = 7, SMD = 0.28, 95% CI = 0.15~0.41, I2 = 64.4%). No publication bias was suspected, and

the difference between the program settings was not significant (Q = 0.45, p = .504) (Fig 3D).

Dietary habits. Fifteen studies assessed dietary habits by healthy eating [33], diet goal

attainment [35], dietary activities [36], Kristal’s Food Habits Questionnaire [27], Block 2005

Food Frequency Questionnaire [28], questions on fatty food avoidance and vegetable intake

[39], USA National Cancer Institute percent energy [37], and a 7-day food diary [38].

The total effect of SMPs on dietary habits was small but significant (SMD = 0.28, 95%

CI = 0.15~0.41, I2 = 65.6%) in 19 studies with no publication bias (p = .117). Subgroup analyses

by intervention duration showed that the effect of short-term SMP (k = 11) was SMD = 0.30

(95% CI = 0.14~0.47, I2 = 70.4%) with no publication bias (p = .121), while the effect of long-

term SMP (k = 8) was SMD = 0.24 (95% CI = 0.03~0.46, I2 = 61.8%) with no publication bias

(p = .218). The subgroup comparison revealed no significant differences (Q = 0.21, p = .647)

(Fig 3E).

Most SMPs were provided by an expert (k = 15) with an effect size on dietary habits of

SMD = 0.29 (95% CI = 0.14~0.44, I2 = 70.7%) with no publication bias (p = .152). Only four

studies had a peer as the provider, and the effect size was not significant (95% CI = –0.02~0.52,

I2 = 33.2%) with no publication bias (p = .594) (Fig 3F).

SMPs for dietary habits were mostly compared with inactive control (k = 13) with an effect

size of SMD = 0.31 (95% CI = 0.16~0.47, I2 = 72.2%) and no publication bias (p = .141). The
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effect size of the SMP with active control (k = 6) was not significant (95% CI = –0.05~0.44, I2 =

31.1%) with no publication bias (p = .347) (Fig 3G).

Subgroup analysis on program settings revealed that the community based SMP (k = 9) had

a smaller effect size (SMD = 0.21, 95% CI = 0.02~0.40, I2 = 0.0%) than the hospital based SMP

(k = 10, SMD = 0.34, 95% CI = 0.16~0.52, I2 = 79.4%). No publication bias was suspected, and

the difference between the program settings was not significant (Q = 0.93, p = .334) (Fig 3H).

Health responsibilities. Health responsibilities were an outcome in 16 studies, which

included glucose monitoring [33, 34], health care utilization [29, 33, 34, 39, 40], communica-

tion with physician [33, 34], food label reading [33], feet inspection [39], medication adher-

ence [39], Patient Activation Measure [10, 33, 39], medication adherence [36], Hill-Bone

Compliance to High Blood Pressure Therapy Scale [37], and Morisky Medication Adherence

Scale [32].

The total effect size of SMPs on health responsibility (k = 18) was small but significant

(SMD = 0.18, 95% CI = 0.10~0.26, I2 = 82.8%) with potential publication bias (p = .032). The

subgroup analysis indicated that the effect size of the short-term SMP on health responsibility

(k = 14) was SMD = 0.19 (95% CI = 0.10~0.29, I2 = 86.4%) but there was potential for publica-

tion bias (p = .040). Only four studies compared the long-term SMP, which had an insignifi-

cant effect size (95% CI = –0.05~0.32, I2 = 0.8%) and no publication bias (p = .481) (Fig 3I).

SMPs delivered by expert providers (k = 10) had a small but significant effect size of

SMD = 0.25 (95% CI = 0.13~0.37, I2 = 79.5%) with no publication bias (p = .082). The

SMP effect size with peer providers (k = 8) was small but significant (SMD = 0.12, 95%

CI = 0.01~0.23, I2 = 85.5%) with no publication bias (p = .429). There were no significant dif-

ferences in effect sizes between the program provider groups (Q = 2.49, p = .115) (Fig 3J).

The SMPs utilizing active control (k = 6) tended to have larger effect sizes (SMD = 0.22,

95% CI = 0.07~0.37, I2 = 89.1%) than those with passive control (k = 12) (SMD = 0.16, 95%

CI = 0.06~0.27, I2 = 76.8%), and had no publication bias (p = .262, p = .107, respectively).

No significant difference on effect size was found between these groups (Q = 0.42, p = .519)

(Fig 3K).

The subgroup analysis on program settings indicated that the community based SMP

(k = 9) was not significant (95% CI = 0.00~0.21, I2 = 80.2%), while the hospital based SMP

(k = 7) has a significant small effect size (SMD = 0.27, 95% CI = 0.15~0.38, I2 = 81.7%). No

publication bias was suspected (p = .124) (Fig 3L).

Stress management. Only two studies assessed the effects of SMPs on stress management,

which was measured using 18 health-related behaviors [10] and SCABPCQ [41]. The effect

size for SMPs on stress management was not significant (SDM = 0.12, 95% CI = –0.04~0.29)

and had low heterogeneity (I2 = 0.0%) (Fig 3M).

Smoking behavior. Only three studies assessed the effects of SMPs on smoking behavior,

which was measured by a smoking cessation questionnaire [21, 22] or the Fagerstrom Test for

Nicotine Dependence [23]. The random-effects model indicated that the SMP effect size on

smoking behavior was not significant (SDM = –0.12, 95% CI = –0.78~0.54) and had moderate

heterogeneity (I2 = 48.5%) and no publication bias (p = .999) (Fig 3N).

Discussion

This systematic review and meta-analysis evaluated 25 RCTs that used SMPs and were per-

formed worldwide, and found that SMPs were effective on behavioral modification, specifi-

cally physical activity, dietary habits, and health responsibility. There were no significant

effects on stress management and smoking behavior due to the relatively small number of

studies that assessed these behavioral outcomes. Several parameters varied in the SMPs
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promoting behavioral modification for individuals with lifestyle-related chronic disease,

including control conditions, intervention durations, program providers, and program set-

tings. We used a random-effects model to consider the assumption that different studies esti-

mated different treatment effects from SMP [26].

An SMP has been supported as an effective intervention to improve medication adherence,

which we defined as health responsibility [42]. Our findings are similar to those in previous

meta-analyses, which found SMPs to have significant effects on health responsibilities, includ-

ing improved medication adherence and decreased use of hospitals for asthma and stroke

patients [43]. However, no significance differences in stress management and smoking behav-

iors were found between the experimental and control groups, which is likely due to the rela-

tively small number of studies that we analyzed.

The SMP intervention duration ranged from 3 days to 12 months with a frequency range of

3 to 12 sessions. Most of the included studies (k = 14) applied a short-term SMP with a cutoff

of less than 12 weeks, and had a small but significant effect size for improving physical activity,

dietary habits, and health responsibility. Our meta-analysis indicated that the effect size of

long-term SMPs was similar to of short-term SMPs except for health responsibility, suggesting

that SMP lasting for up to 12 weeks can effectively modify the behaviors of individuals with

cardiovascular risk factors. Previous meta-analyses of chronic disease SMPs with durations of

4~6 months found small but significant effect sizes on aerobic exercise (SMD = 0.12) and

health responsibility (communication with physician: SMD = 0.26) [44]. In the current analy-

sis, the long-term effect of SMPs on health responsibility was not significant, probably due to

the small number of the studies (k = 4) included in the meta-analysis.

In our subgroup analysis on the type of comparisons, SMPs was effective to promote physi-

cal activity and health responsibilities, regardless of using active or inactive controls. However,

the SMPs applied to modify dietary habits was only effective when compared with inactive

controls. Only 6 studies applied active controls to compare the effect of SMPs on dietary hab-

its, which could be the reason for not significant effects.

The effects of expert- and peer-delivered programs on physical activity, dietary habits, and

health responsibility were also compared. Previous research indicated that health education

provided by experts from multidisciplinary teams had large effects on behavioral modification

[45]. However, the effects of the SMPs when they were delivered by experts was not signifi-

cantly different when compared with peer-delivered programs for physical activity and health

responsibility. The SMPs was effective on dietary habits only when delivered by experts (e.g.,

dietitians or health professionals).

The effects of the SMP may vary according to the program settings. In our meta-analysis,

both hospital-based and community-based SMPs were found significant on improving physi-

cal activities and dietary habits, but only the effect of hospital-based SMPs was significant on

health responsibility. Health responsibility as behavioral outcome refers to health care utiliza-

tion, glucose monitoring, or medication adherence. Previous meta-analysis on lay-led self-

management program [46] also found the mixed results regarding appropriate health care uti-

lization, in that the SMP approach may encourage the participants to seek medical advice or

could reduce the unplanned hospital visits.

There were several limitations in this systematic review and meta-analysis. First, we exam-

ined the effects immediately after interventions and did not include follow-up data. There are

currently insufficient follow-up data for examining the long-term effects of SMPs on behavior

modification. Further studies should consider follow-up data and analyze the long-term reten-

tion of SMP effects on behavioral modification, which may improve the management of life-

style-related chronic disease. Second, only studies in English and Korean were included, which

may reduce the generalizability of our findings. Third, relatively few randomized studies were
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available that analyzed stress management and smoking-related behaviors, and so further stud-

ies are necessary to evaluate the effect of SMP on these specific health behaviors based on deliv-

ery mode (group vs. individual, online vs. offline, and program intensity).

Conclusions

The findings of this study indicate that SMPs can effectively improve physical activity, dietary

habits, and health responsibility in individuals with lifestyle-related chronic disease, with a

small but significant effect size. A short-term SMPs (less than 12 weeks) was indicated as being

effective in modifying physical activity, dietary habits, and health responsibility, while the pro-

gram effects on dietary habits were significant only with expert-delivered education and when

compared with inactive controls. Further studies are warranted with larger trials and more rig-

orous methodologies that explore the effects of SMPs on stress management and smoking ces-

sation and examine long-term outcomes of the SMPs.
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