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Abstract

Opisthorchis viverrini (OV) infection, which can progress to cholangiocarcinoma (CCA),
poses a critical public health challenge. While numerous studies have investigated be-
havior modification programs aimed at preventing OV and CCA, the effectiveness of
these interventions remains inconclusive. This systematic review and meta-analysis
sought to synthesize evidence on the efficacy of behavior modification programs, par-
ticularly those based on self-efficacy, in preventing OV and CCA. We reviewed experi-
mental and quasi-experimental studies, comprising 2-group comparisons or 1-group
pretest-posttest designs, that evaluated health education interventions focused on be-
havior modification for OV and CCA prevention. Relevant literatures was systematically
retrieved from the PubMed, Google Scholar, Thaido, and ThailLis databases. Of 702
identified studies, 13 met the systematic review and meta-analysis inclusion criteria. The
analysis assessed the quality of the studies, extracted data, and evaluated the risk of
bias. Standardized mean differences were calculated to determine the impact of self-ef-
ficacy—-based programs on knowledge, self-efficacy, and behavior modification. The re-
sults indicated significant post-intervention improvements in all outcomes (P<0.001) de-
spite high heterogeneity in knowledge (/>=76%), self-efficacy (/>=77%), and behavior
modification (/>=93%). The experimental group demonstrated significantly more signifi-
cant improvements in knowledge (mean difference=1.52, 95% confidence interval
(C)=1.36-1.68), self-efficacy (mean difference=1.08, 95% CI=0.90-1.26), and behavior
modification (mean difference=1.78, 95% Cl=1.63-1.92) compared to the comparison
group, with /2 values of 74%, 84%, and 92%, respectively. In conclusion, health educa-
tion programs grounded in self-efficacy principles effectively enhance knowledge, self-
efficacy, and behavior modification to prevent OV and CCA. These findings suggest that
self-efficacy-based behavior modification programs may also apply to the prevention of
other diseases.

Keywords: Health education, self-efficacy, Opisthorchis viverrini, cholangiocarcinoma

Introduction

Opisthorchis viverrini (OV) infection and its associated cholangiocarcinoma (CCA) are
critical public health concerns, especially in Southeast Asia, where the disease burden is
highest. The International Agency for Research on Cancer has classified OV as a Group 1
biological carcinogen due to its well-established role in the etiology of CCA [1]. OV trans-
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mission occurs primarily through consuming raw or undercooked freshwater fish, particu-
larly cyprinid species, commonly prepared in traditional dishes such as raw fish salad and
fermented fish. Humans and domestic animals, including cats and dogs, act as definitive
hosts, contributing to the contamination of water sources and sustaining the OV transmis-
sion cycle [2]. This ongoing transmission underscores the need for effective public health
interventions to break the cycle and reduce the associated risks of CCA in endemic regions.

Although public health interventions have successfully reduced the prevalence of OV in
Thailand—from 16.3% in 2016 to 4.3% in 2020—certain regions, especially in the north-
east, continue to report high infection rates, with 4.97% still affected [3]. Despite this re-
duction, OV infection and CCA disproportionately affect individuals in their working
years (40-60 years), creating significant economic and social burdens. The annual cost of
treating CCA in Thailand is estimated at 1.96 billion Baht (approximately 56 million US
dollars), exerting a substantial strain on the healthcare system and reducing the quality of
life for affected individuals and their families [2-4]. These challenges emphasize the critical
need for effective preventive measures that target OV infection at its source, with the po-
tential to alleviate the long-term healthcare burden associated with CCA.

Behavior modification strategies have been at the forefront of efforts to prevent OV and
CCA, with many interventions based on Albert Bandura’s self-efficacy theory [5]. Accord-
ing to Bandura [5], self-efficacy, or the belief in one’s ability to influence outcomes through
personal actions, is a crucial determinant of motivation and persistence in health behavior
change. Health education programs that enhance self-efficacy are thought to increase indi-
viduals’ likelihood of adopting behaviors that reduce the risk of OV infection, such as
avoiding high-risk foods like raw or undercooked fish.

However, despite the theoretical promise of self-efficacy-based interventions, evidence
regarding their effectiveness in preventing OV and CCA remains inconsistent. Some stud-
ies have reported positive behavior change following self-efficacy interventions, while oth-
ers have found limited or no impact [6,7]. These variations may stem from differences in
study design, target populations, and intervention delivery, making it challenging to draw
definitive conclusions about the general effectiveness of self-efficacy approaches for OV
and CCA prevention.

This gap in the literature underscores the need for a systematic review and meta-analysis
to synthesize the available evidence on the impact of self-efficacy-based health education
programs for OV and CCA prevention. A comprehensive analysis of these interventions
could provide more precise guidance for public health authorities and policymakers on de-
signing and implementing more effective behavior modification programs. Additionally,
this study explores whether the principles of self-efficacy can be applied to other areas of in-
fectious disease prevention, potentially broadening the impact of these findings across mul-
tiple public health domains. Consequently, this study aimed to review the literature on the
effectiveness of self-efficacy-based health education programs in preventing OV and CCA.

Methods

Ethics statement

Not applicable.
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Search method

A comprehensive search for relevant studies was conducted between February and May
2022. Studies published in English up to May 31, 2022, were considered for inclusion. The
databases utilized for the search included PubMed, Google Scholar, ThaiJo, and ThaiLis. The
PICO (population, intervention, comparison, outcome) framework was applied to define
search terms. The population was defined as the general public; the intervention focused on
health education or self-efficacy programs; the comparison involved a comparison group;
and the outcome focused on preventive behaviors, liver fluke infection, OV, and CCA. The
search terms used were: “health education program” OR “self-efficacy program” AND “liver
fluke” OR “Opisthorchis viverrini” AND “cholangiocarcinoma” OR “bile duct cancer”

Inclusion criteria

(1) Quantitative research studies, including experimental or quasi-experimental designs
comparing 2 groups and/or one-group pretest-posttest designs, evaluate health education
programs’ effects on behavior modification for preventing OV and CCA; (2) published up
to May 31, 2022, focusing on health education programs based on knowledge application
and self-efficacy; and (3) studies containing sufficient data for meta-analysis, including

mean, standard deviation, and sample sizes for experimental and comparison groups.

Exclusion criteria
(1) Qualitative research, (2) review articles or editorial articles, (3) conference proceedings,
(4) studies where the full text could not be obtained, and (5) articles that were meta-analyses.

Search outcomes

The initial search was performed independently by 2 researchers, followed by a third re-
searcher who resolved any disagreements regarding study inclusion. A total of 702 studies
were identified: 614 from PubMed, 49 from Google Scholar (English), 35 from Google
Scholar (Thai), and 4 from ThaiLis and ThaiJo. In the first screening phase, titles and ab-
stracts were reviewed, excluding 420 irrelevant studies, reviews, or articles without full text.
This left 282 studies for further review. In the second round, abstracts and full texts were
carefully analyzed, excluding 262 studies due to insufficient data. In the third round, the
remaining studies were assessed for research design suitability for systematic review and
meta-analysis. An additional 20 studies were excluded due to inadequate data for meta-
analysis, leaving 13 studies for the final analysis (Fig. 1).

Quality appraisal

The quality of the selected studies was appraised using the Cochrane Collaborations tool
for assessing the risk of bias, and the results were visualized using a funnel plot in Review
Manager version 5.4 (2020, The Cochrane Collaboration, London, United Kingdom). The
risk of bias was evaluated in 3 categories: low, high, and unclear. For random sequence gen-
eration, 9 studies employed random sampling methods and were rated low risk. Ten studies
reported allocation concealment, which is considered low risk, while 2 were rated as high
risk. For blinding, 11 studies were rated as low risk, and 2 studies were rated as unclear due
to insufficient information regarding participant blinding. All studies were assessed as low
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Fig. 1. Flowchart of study selection. This figure illustrates the systematic review process, including
the initial number of studies identified, the screening phases, and the criteria for exclusion, leading
to the final number of studies included in the meta-analysis.

risk for incomplete outcome data, as the sample data were thoroughly analyzed. Selective
reporting was not an issue in any of the studies, and no other biases were identified (Fig. 2).

Data extraction
Data extraction followed a systematic approach, summarizing key study details such as au-
thor, country of publication, age group, sample characteristics in both experimental and

comparison groups, and the study outcomes (Table 1).

Data synthesis and analysis

General data were synthesized to summarize key aspects of the health education programs
aimed at preventing OV and CCA. Descriptive statistics were used to analyze the general
characteristics of the study samples. For the meta-analysis, the mean, standard deviation,
and sample sizes from both the experimental and comparison groups were analyzed using
Review Manager version 5.4. Cochran’s Q test and I’ statistics were applied to assess het-
erogeneity across studies. Statistical significance was set at a 0.05 threshold. Heterogeneity
was categorized as follows: not necessary (0%-24%), low (25%-49%), medium (50%-
74%), and high (75%-100%) [8]. Publication bias was evaluated using a funnel plot with a

significance set at 0.05.
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Fig. 2. Risk of bias graph and summary. This figure shows the distribution of the risk of bias judg-
ments across domains, including sequence generation, allocation concealment, blinding, outcome
data, reporting, and other biases, categorized by color to indicate low, high, or unclear risk in key
bias domains as per the Cochrane Collaboration tool.

Effects of Health Education Programs on Knowledge, Self-
efficacy, and Behavior Modification for Preventing OV and
CCA before and after the Intervention

Knowledge
The analysis of health education programs on knowledge for behavior modification to pre-
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Table 1. Literature reviews of health education programs for preventing Opisthorchis viverrini and cholangiocarcinoma in Thailand

Age Intervention Comparison
Reference group Results
(year) n Mean  SD n Mean SD
Knowledge
[9] 10-12 47 1091 1.96 47 785  1.83 After the experiment, the intervention group had higher knowledge than
the comparison group (P<0.001).
[10] 15-70 35 1310 1.80 35 1090 1.60 The experimental group had a mean knowledge score higher than the
comparison group (mean difference=2.5, 95% Cl=1.4-3.6, P<0.001).
[11] 20-50 30 11.87  1.01 30 853  1.89 After the trial, the family leaders had mean knowledge scores higher than
the comparison group (P<0.001).
[15] 40-59 40 872 133 40 702 134 The experimental group’s mean knowledge scores were significantly
higher than the comparison group (P<0.05).
[12] 10-12 35 1183  1.07 35 897 226 Afterthe intervention, the experimental group’s knowledge scores were
higher than the comparison group (P<0.001).
[7] 30-89 33 1942 061 33 1579 172 The experimental group had significantly greater knowledge than the
comparison group (P<0.05).
[16] 10-12 113 760 270 113 3.60 1.90 The intervention group had significantly greater knowledge than those in
the comparison schools (P<0.05).
[17] >30 38 1166  2.16 38 942 2,09 The experimental group knew significantly higher than the comparison
group (P<0.05).
[6] >20 34 1430 210 34 1270 160 After the experiment, the mean scores of knowledge of the experimental
group were significantly higher than before the comparison group
(P<0.05).
Self-efficacy
[12] 10-12 35 2826 170 35 2383 344 After the intervention, the experimental group’s perceived self-efficacy
scores were higher than the comparison group (P<0.001).
[7] 30-89 33 282 039 33 257 051 The experimental group had significantly greater self-efficacy than the
comparison group (P<0.05).
[13] 20-60 54 4113 490 54 31,63  4.66 After participating in the program, the experimental group perceived
self-efficacy more than the comparison group (P<0.05).
[16] 10-12 113 970 1.70 113 830 1.60 The pupils in the intervention group had significantly greater self-efficacy
than those in the comparison schools (P<0.05).
[6] >20 34 380 040 34 320 0.80 Afterthe experiment, the experimental group’s perceived self-efficacy

scores were significantly higher than the comparison group (P<0.05).
Behavior/practice/outcome expectation

[9] 10-12 47 2885 290 47 2577 271 The experimental group’s mean practice scores were significantly higher
than the comparison group (P<0.001).

[10] 15-70 35 2310 140 35 19.10  1.70 The experimental group had a mean practice score higher than the
comparison group (mean difference=4.4, 95% Cl=4.2-7.9, P<0.001).

[11] 20-50 30 247 014 30 1.75 024 The family leaders’mean behavior scores increased than those of the
comparison group (P<0.001).

[15] 40-59 40 5940 857 40 4135 6.10 The experimental group had a mean score of practice more than the
comparison groups (P<0.05).

[18] >60 22 7036 648 22 6400 740 The experimental group’s mean score of complications-preventing
behaviors was significantly higher than the comparison group (P<0.05).

[12] 10-12 35 2060 0.55 35 1860 215 After the intervention, the scores of practice of the experimental group
were higher than the comparison group (P<0.001).

[7] 30-89 33 252 051 33 224 043 The experimental group had significantly greater practice than the
comparison group (P<0.05).

[13] 20-60 54 4499 442 54 36.08 6.14 After the program, the experimental group had better practice than the
comparison group (P<0.05).

[17] >30 38 36.00 4.62 38 3226 439 The experimental group had proper behaviors to prevent the diseases
higher than the comparison group (P<0.05).

[6] >20 34 230 040 34 1.70 050 The experimental group’s mean scores of prevention behavior were
significantly higher than before the comparison group (P<0.05).

[19] >20 47 2968 234 47 2329 230 The mean social support score for the prevention behavior of the
experimental group was significantly higher than that of the comparison
group (P<0.001).

[14] >20 150 3423 218 150 2863  1.82 The experimental group’s mean scores of correct behaviors were

significantly higher than those of the comparison group (P<0.05).

Cl, confidence interval.
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vent OV and CCA, using the standardized mean difference (SMD), indicated high hetero-
geneity (I°’=76%, P<0.001). The pooled data from 292 participants across 8 studies dem-
onstrated a significant increase in knowledge following the intervention, with a mean dif-
ference of 1.13 (95% CI=0.96-1.31) and an I? value of 76% (Fig. 3A). Subgroup analysis of
knowledge outcomes after the intervention revealed an asymmetrical distribution in the
funnel plot, suggesting potential publication bias. The random-eftects model confirmed
high heterogeneity (I’=76%, P<0.001) (Fig. 3a).

Self-efficacy

The analysis of self-efficacy outcomes for behavior modification in preventing OV and
CCA, using the SMD, also showed high heterogeneity (I’=77%, P<0.001). Based on data
from 156 participants in 4 studies, self-efficacy significantly improved in participants who
received the intervention, with a mean difference of 1.04 (95% CI=0.80-1.28) and an I°
value of 77% (Fig. 3B). Subgroup analysis revealed an asymmetrical distribution in the fun-
nel plot, indicating possible publication bias. A random-eftects model was applied, with
high heterogeneity confirmed (I’=77%, P<0.001) (Fig. 3b).

Behavior modification

The analysis of behavior modification for preventing OV and CCA using SMD revealed
very high heterogeneity (I’=93%, P<0.001). The results from 518 participants across 11
studies demonstrated a significant increase in behavior modification, with a mean differ-

After Before Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean _SD Total Mean SD Total Weight IV, Random,95%Cl Year IV, Random, 95% CI opftee
Thongnamuang and Duangsong 2012 1091 196 47 83 208 47 132% 1.28(0.84,1.73] 2012 ——
Hamsompan etal 2016 131 18 38 10 17 35 11.9% 1.75[1.20,2.31] 2016 —_— or
Kaewpitoon etal 2016 853 189 30 807 195 30 125% 0240.27,0.74] 2016
Langstan and Duangsong 2017 872 1.33 40 695 208 40 130% 1.00(0.54,1.47) 2017 — o3
A Intanam and Muangsom 2018 1183 107 35 889 223 35 120% 1.66[1.11,2.21] 2018 —_— a o ¢ a°
Panithanang etal. 2018 19.42 061 33 1594 271 33 11.7% 1.75[1.18,2.32 2018 —_— o P
Chayngam et al. 2020 1166 216 38 939 202 38 128% 1.07[0.59,1.56] 2020 —_— A
Songserm etal. 2021a 143 21 34 13 19 34 127% 064(0.15,1.13] 2021 —_— o
Total (95% CI) 292 292 100.0% 1.16[0.80,1.53] - p i Lo
Heterogeneity. Tau?= 0.21; Chi*= 29.45, df = 7 (P = 0.0001); F= 76% + 3 3 1 ' '
Testfor overall effect Z= 6.23 (P < 0.00001) After Before
After Before Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95%Cl Year 1V, Random, 95% CI -
Intanam and Muangsom 2018 28.26 1.7 35 238 353 35 237% 1.59(1.05,2.13] 2018 —
Panithanang etal. 2018 282 039 33 261 049 33 249% 0.47[-0.02,0.96] 2018 = o
B Ponrachom etal. 2019 4113 49 54 3422 513 54 265% 1.37[0.95,1.79] 2019 — b
Songserm etal. 2021a 38 04 34 33 09 34 249% 0.71[0.22,1.20] 2021 ——
Total (95% CI) 156 156 100.0% 1.03[0.52,1.54] —~ e
Heterogeneity: Tau®= 0.21; Ch= 13.30, df= 3 (P = 0.004); F= 7% Y 3 1 ) i
Testfor overall effect: 7= 3.98 (P < 0.0001) After Before . ¢ " ¢
After Before Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random,95%Cl Year IV, Random, 95% CI
Thongnamuang and Duangsong 2012 2885 29 47 246 216 47 93% 1.65(1.18,2.12] 2012 —— [
Hamsompan etal. 2016 175 024 30 15 033 30 91% 086(0.32,1.39] 2016 —=—
Kaewnitoon et al. 2016 231 14 35 185 17 35  86% 292(2.24,361] 2016 —_— o
Langstan and Duangsong 2017 594 857 40 4165 401 40 8.9% 263(202,3.23) 2017 ——
Tananchai and Choowattanapakom 2018 206 055 35 1863 217 35 91% 1.23(0.72,1.74] 2018 —— o °
Intanam and Muangsom 2018 252 051 33 221 041 33 92% 066(0.17,1.16] 2018 —
C Panithanang et al.2018 7036 648 22 5495 917 22 85% 1.91[1.18,263] 2018 — (] .
Ponrachom etal. 2019 4499 442 54 3632 677 54 94% 151(1.08,1.93] 2019 — by
Chayngam et al.2020 36 462 38 3113 428 38 92% 1.08(0.60,1.57) 2020 — i
Songserm etal.2021a 23 04 34 18 06 34 92% 097 [0.47,1.47) 2021 —_— o
Pungpop etal. 2022 3423 218 150 27.51 241 150 9.6% 312(2.79,3.46) 2022 —
Total (95% CI) 518 518 100.0% 1.68[1.13,2.23] -
Heterogeneity: Tau®= 0.80; Chi*= 134.17, df= 10 (P < 0.00001); = 93% T —%
Testfor overall effect Z= 5.95 (P < 0.00001) After Before

Fig. 3. The forest plot and funnel plot present the effects of health education programs on outcomes, respectively: (A), (a) knowledge;
(B), (b) self-efficacy; and (C), (c) behavior modification for preventing Opisthorchis viverrini and cholangiocarcinoma before and after the
experiment. IV, inverse variance; Cl, confidence interval.
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ence of 1.75 (95% CI=1.60-1.90) and an I” value of 93% (Fig. 3C). Subgroup analysis of
behavior modification after the intervention indicated an asymmetrical distribution in the
funnel plot, suggesting a potential publication bias. The random-effects model confirmed
high heterogeneity (I’=93%, P<0.001) (Fig. 3c).

Effects of Health Education Programs on Knowledge, Self-
efficacy, and Behavior Modification for Preventing OV and
CCA between the Experimental and Comparison Groups

Knowledge

The comparison of knowledge outcomes between experimental and comparison groups,
using the SMD, revealed moderate heterogeneity (I°’=74%, P<0.001). Analysis of data
from 405 participants across 9 studies showed a significant increase in knowledge in the
intervention group, with a mean difference of 1.52 (95% CI=1.36-1.68) and an I” value of
74% (Fig. 4A). Subgroup analysis showed an asymmetrical distribution in the funnel plot,
indicating potential publication bias. A random-effects model confirmed medium hetero-
geneity (I’=74%, P<0.001) (Fig. 4a).

Self-efficacy
The analysis of self-efficacy outcomes between the experimental and comparison groups,
using the SMD, indicated high heterogeneity (I°’=84%, P<0.001). Data from 269 partici-

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgrou, Mean _ SD Total Mean SD Total Weight IV, Random, 95% CI Year 1V, Random, 95% CI oy SEEMO)
Thongnamuang and Duangsong 2012 1081 1.96 47 785 183 47 117% 1.60[1.13,2.07] 2012
Hamsompan et al.2016 1187 1.01 30 853 189 30 96% 218[1.53,2.82] 2016 St o
Kaewpitoon et al. 2016 131 18 3% 108 16 3B 1M11% 1.28(0.76,1.79] 2016 —_—
Langstan and Duangsong 2017 872 133 40 702 134 40 115% 1.26(0.78,1.74] 2017 —
Panithanang et al. 2018 19.42 061 33 1579 172 33 81% 2.78(2.09,347) 2018 ——— o
Intanam and Muangsom 2018 11.83 1.07 35 897 226 35 108% 1.60[1.06,2.14] 2018 —_ a
Laithavewat et al. 2020 76 27 113 36 19 113 135% 1.71[1.40,2.01] 2020 - 03-
Chayngam et al. 2020 1166 216 38 942 209 38 115% 1.04[0.56,1.52] 2020 _——
Songserm etal. 2021a 143 21 34 127 16 34 113% 0.85(0.35,1.34) 2021 —a— -
Total (95% CI) 405 405 100.0% 1.55[1.23,1.88] L 2 o
Heterogeneity: Tau*= 0.18; Chi*= 31.27, df= 8 (P = 0.0001); F= 74% 5 E] ) 1 ) )
Test for overall effect: Z= 9.38 (P < 0.00001) Favours [experimental] Favours [control]
Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI o
Intanam and Muangsom 2018 28.26 17 35 2383 344 35 187% 1.61[1.07,2.16] 2018 —r—
Panithanang et al.2018 282 039 33 257 051 33 195% 0.54[0.05,1.04] 2018 ——
Ponrachom etal. 2019 4113 49 54 3163 466 54 19.9% 1.97[1.51,2.44] 2019 — L
Laithavewat et al. 2020 97 17 113 83 16 113 225% 085[057,1.12] 2020 et b
Songserm etal. 2021a 38 04 34 32 o8 34 193% 0.94(0.44,1.44] 2021 - 03
Total (95% CI) 269 269 100.0% 1.17 [0.68, 1.67] - I
Heterogeneity. Tau®= 0.27, Chi*= 25.74, df= 4 (P < 0.0001), F= 84% R R 1
Testfor overall effect Z= 4.63 (P < 0.00001) Favours [experimental] Favours [control] : " Wi : -
Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean _ SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Thongnamuang and Duangsong 2012 2885 29 47 2577 271 47  86% 1.09(0.65,1.52) 2012 — o0
Hamsompan etal. 2016 247 014 30 175 024 30 T4% 362(2.78,4.46] 2016 —_—
Kaewpitoon et al. 2016 231 14 3% 191 17 3% 81% 254(1.90,318) 2016 —— o
Langstan and Duangsong 2017 594 857 40 4135 6.1 40 82% 240(1.82,298 2017 —
Tananchai and Choowattanapakorn 2018 70.36 6.48 22 64 74 22 81% 0.90(0.28,152] 2018 -
Intanam and Muangsom 2018 206 055 35 186 215 35 84% 1.26[0.74,1.78] 2018 _ o
Panithanang et al. 2018 252 051 33 224 043 33 85% 0.59(0.09,1.08] 2018 [ c
Ponrachom etal. 2019 4499 442 54 36.08 614 54 86% 165(1.21,2.09 2019 = 03
Chayngam et al. 2020 36 462 38 3226 439 38 85% 0.82[0.35,1.29] 2020 —_
Songserm etal. 2021a 23 04 34 17 05 34 84% 1.31[0.78,1.84] 2021 —
Songserm etal 2021b 2968 2.34 47 2329 23 47 83% 273(216,3.30) 2021 — o M
Pungpop etal. 2022 3423 218 150 2863 182 150 89% 2.78(2.46,3.10] 2022 i
Total (95% CI) 565 565 100.0% 1.79[1.27,2.31] - ¢ ° R
Heterogeneity: Tau®= 0.77; Chi*= 140.27, df= 11 (P < 0.00001); F= 92% ] ) )
Testfor overall effect. 2= 6.73 (P < 0.00001) Favours [experimental] Favours [control]
Fig. 4. The forest plot and funnel plot present the effects of health education programs on outcomes, respectively: (A), (a) knowledge;
(B), (b) self-efficacy; and (C), (c) behavior modification for preventing Opisthorchis viverrini and cholangiocarcinoma between the experi-
mental and comparison groups. IV, inverse variance; Cl, confidence interval.
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pants across 5 studies revealed a significant increase in self-efficacy in the intervention
group, with a mean difference of 1.08 (95% CI=0.90-1.26) and an I’ value of 84% (Fig.
4B). Subgroup analysis showed an asymmetrical distribution in the funnel plot, indicating
possible publication bias. A random-effects model confirmed high heterogeneity (I°=84%,
P<0.001) (Fig. 4b).

Behavior modification

The analysis of behavior modification between the experimental and comparison groups,
using the SMD, revealed very high heterogeneity (I’=92%, P<0.001). Data from 565 par-
ticipants across 12 studies demonstrated a significant increase in behavior modification in
the intervention group, with a mean difference of 1.78 (95% CI=1.63-1.92) and an I’ value
of 92% (Fig. 4C). Subgroup analysis revealed an asymmetrical distribution in the funnel
plot, suggesting potential publication bias. The random-eftects model confirmed high het-
erogeneity (I’=92%, P<0.001) (Fig. 4c¢).

Discussion

This study systematically reviewed the effects of self-efficacy-based health education pro-
grams on preventing OV and CCA by enhancing knowledge, self-efficacy, and behavior
modification. The findings demonstrated significant improvements in these outcomes,
confirming the effectiveness of such interventions. The following discussion addresses each
of these issues in detail.

The results revealed a statistically significant increase in knowledge following the inter-
vention, with the experimental group showing a higher increase than the comparison
group. Before the intervention, participants generally lacked adequate knowledge about the
risks of OV infection and CCA. After receiving targeted health education, which included
detailed information on the causes, prevention, and consequences of OV infection, partici-
pants in the experimental group demonstrated significantly higher knowledge scores than
theircomparison group counterparts (P<0.001). These findings suggest that health educa-
tion programs are crucial in improving public understanding of OV and CCA prevention.
The significant improvement in knowledge can be attributed to the structured delivery of
information through various educational materials, such as brochures, videos, and group
discussions, which cater to different learning styles [9-11].

A vital intervention component was enhancing self-efficacy, which is critical in behavior
change. The analysis showed a significant increase in self-efficacy scores after the interven-
tion, with participants in the experimental group reporting greater confidence in their abil-
ity to prevent OV infection and CCA than those in the comparison group (P<0.001).
These results align with Bandura’s theory that self-efficacy influences motivation and the
adoption of preventive behaviors [5]. By reinforcing participants belief in their ability to
avoid high-risk behaviors, such as consuming raw fish, the intervention successfully em-
powered them to make healthier choices. The significant increase in self-efficacy observed
in this study highlights the importance of using health education strategies that build indi-
viduals’ confidence in their ability to engage in preventive health behaviors [7,12,13].

The ultimate goal of the health education programs was to modify participants’ behav-
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iors to reduce OV infection risk. The findings showed a significant improvement in behav-
ior modification following the intervention, particularly among participants in the experi-
mental group compared to the comparison group (P<0.001). The observed behavior
changes included a notable reduction in raw or undercooked fish consumption, increased
adherence to food safety practices, and improved overall hygiene. These results indicate
that self-efficacy-based health education can effectively translate increased knowledge and
confidence into tangible behavior changes. The high heterogeneity in behavior modifica-
tion outcomes (I°’=93%) suggests variability in participants’ responses to the intervention,
possibly due to cultural differences or personal preferences. However, the consistent im-
provement across studies emphasizes the intervention’s effectiveness in promoting long-
term preventive behaviors [6,9].

The comparison between the experimental and comparison groups across all 3 out-
comes—knowledge, self-efficacy, and behavior modification—further supports the inter-
ventions efficacy. The experimental group consistently outperformed the comparison
group, with significant improvements in knowledge (I°’=74%, P<0.001), self-efficacy
(I’=84%, P<0.001), and behavior modification (I’=92%, P<0.001). These findings high-
light the critical role of structured, theory-driven health education programs in influencing
health behaviors. Notably, the experimental group exhibited higher sustained behavior
changes over time, suggesting that incorporating self-efficacy principles enhances immedi-
ate outcomes and contributes to long-term behavioral adherence [6,14].

This meta-analysis has some limitations. High heterogeneity across the included studies,
particularly in behavior modification outcomes, suggests variability in intervention effec-
tiveness across different populations. Potential publication bias, indicated by funnel plot
asymmetry, may have inflated positive results by excluding non-significant studies. Addi-
tionally, varying follow-up durations raise concerns about the long-term sustainability of
behavior changes. Finally, the analysis centers on self-efficacy—based programs, potentially
overlooking other critical factors influencing behavior change.

Conclusion

This meta-analysis demonstrates that self-efficacy-based health education programs effec-
tively increase knowledge, enhance self-efficacy, and promote behavior modification for
preventing OV and CCA. The statistically significant improvements observed in the exper-
imental group indicate that such interventions should be integral to public health strategies
in endemic areas. Future research should explore applying these educational models to
other health challenges as they broadly apply to various disease prevention efforts.
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