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Abstract 

Background  Type 2 diabetes is a global public health challenge characterized by high prevalence and poor self-
management outcomes. The PRECEDE-PROCEED model is a well-known conceptual widely used to promote health 
in chronic diseases. This meta-analysis evaluated the efficacy of interventions based on PRECEDE-PROCEED model 
in reducing Glycated Hemoglobin A1c (HbA1c) and enhancing self-management in patients with type 2 diabetes.

Methods  Nine online databases—PubMed, Cochrane Library, Embase, PsycINFO, Scopus, CINAHL, Web of Science, 
CNKI, and WANFANG—were searched from inception to June 2024. Randomized controlled trials (RCTs) and quasi-
experimental studies (QESs) were identified using keywords related to the PRECEDE-PROCEED model, type 2 diabetes, 
and self-management. Review Manager 5.4 was used for meta-analysis and the 95% confidence intervals (CIs) was cal-
culated for standardized mean differences (SMDs) or weighted mean differences (WMDs).

Results  Fourteen studies (11 RCTs and 3 QESs) involving 2,478 patients met the eligibility criteria. Interventions sig-
nificantly reduced HbA1c, with progressive improvements over time: WMD = -0.41 (95% CI: -0.58 to -0.24) at 1 month, 
-0.50 (95% CI: -0.67 to -0.33) at 3 months, and -0.63 (95% CI: -0.93 to -0.33) at 6 months. Significant improvements were 
also observed in total self-management scores (SMD = 2.53; 95% CI: 1.14to 3.91) and in key PRECEDE-PROCEED model 
variables, including knowledge, attitudes, self-efficacy, reinforcing, and enabling factors, though high heterogeneity 
was noted.

Conclusions  The PRECEDE-PROCEED model is an effective framework for reducing HbA1c and enhancing self-man-
agement among patients with type 2 diabetes. Future research should focus on standardizing intervention protocols 
and developing unified outcome measures to improve reproducibility and cross-study comparability.

Trial registration  The PROSPERO registration ID is CRD42024600814.
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Background
Diabetes presents a growing health and economic bur-
den on individuals and societies globally [1]. In 2021, 
approximately 537 million individuals were dealing with 
diabetes, and the prevalence is projected to rise, reach-
ing an estimated 643 million by 2030 and 783 million 
by 2045 [2]. Type 2 diabetes mellitus (T2DM), which 
accounts for 90–95% of all diabetes cases, is character-
ized by hyperglycaemia. This condition can contribute to 
various microvascular complications, such as retinopa-
thy, neuropathy, and nephropathy. Hyperglycemia is also 
associated with macrovascular complications, including 
coronary artery disease and cerebrovascular disease [3]. 
Moreover, T2DM is a major global cause of mortality, 
with diabetes-related deaths rising significantly from 1.5 
million in 2012 to 6.7 million in 2021 [1].

Self-management is a practical, proactive process in 
which individuals take responsibility for managing their 
own health [4]. For people with T2DM, this includes 
monitoring and controlling key health indicators such 
as blood glucose levels, cholesterol, blood pressure, and 
weight, as well as practicing proper foot care, engaging 
in regular physical activity, and adhering to prescribed 
diet and medication [5]. Health education is now widely 
recognized as a critical component of diabetes care, as 
it encourages patients to actively manage their condi-
tion and adopt healthier lifestyle choices. As patient 
involvement in healthcare increases, effective education 
becomes essential for enhancing self-management prac-
tices. By employing effective teaching methods, health-
care providers can help patients achieve better health 
outcomes [5].

Theories and models provide a structured framework 
to guide educational interventions, enhance their effec-
tiveness and tailor them to individual needs [6]. One such 
model is the PRECEDE-PROCEED model, also known 
as the Greene model, constructed by health educator 
Lawrence W. Green. The PRECEDE-PROCEED model, 
which consists of the Predisposing, Reinforcing, and 
Enabling Constructs in Educational Diagnosis and Evalu-
ation (PRECEDE) and the Policy, Regulatory, and Organi-
zational Constructs in Educational and Environmental 
Development (PROCEED), is a widely recognized frame-
work in public health that emphasizes a participatory 
approach to planning and evaluating health promotion 
initiatives [7]. It organizes health promotion practice into 
nine sequential steps and identifies enabling, reinforcing, 
and predisposing factors that influence behaviour during 
educational diagnostics [8].

In recent years, scholars worldwide have increasingly 
investigated the impact of health education driven by 
the PRECEDE-PROCEED model on metabolism, qual-
ity of life, and self-efficacy among individuals with T2DM 

[9–11]. However, considerable variation exists in the 
implementation of PRECEDE-PROCEED model-based 
interventions [12]. Additionally, there is a lack of meta-
analyses and comprehensive assessments addressing 
the impact of these interventions on self-management 
in patients with T2DM [13]. This meta-analysis aims 
to evaluate the effectiveness of PRECEDE-PROCEED 
model-based interventions in T2DM management, 
focusing on key outcomes such as HbA1c and self-man-
agement. The findings seek to fill existing research gaps 
and provide robust evidence for the model’s application 
in diabetes education.

Methods
This review, CRD42024600814, has been filed at the 
International Prospective Register of Systematic Reviews 
(PROSPERO) and executed in compliance with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) Protocols [14].

Search strategy
Nine online databases PubMed, Cochrane Library, 
Embase, PsycINFO, Web of Science, Scopus, CINAHL, 
CNKI, and WANFANG were searched using the prede-
fined search terms from inception to June 2, 2024. The 
search formula was as follows: ("Precede-Proceed"OR
"PrecedeProceed"OR"Precede Proceed") AND ("Dia-
betes Mellitus, Type 2"[MeSH] OR"Type 2 Diabetes 
"OR"T2DM"OR"NIDDM"OR"Diabetes Mellitus, Nonin-
sulin-Dependent"OR"Maturity-Onset Diabetes Mellitus 
"OR"MODY"OR"Adult-Onset Diabetes Mellitus") AND 
("Self Care"[MeSH] OR"Self Management"[MeSH] OR" 
s e l f - manage* " O R " s e l f - management " O R " s e l f -
regulat ion"OR"sel f -monitor ing"OR"medicat ion 
adherence"OR"dietary adherence"OR"weight loss"OR" 
glycemic control"OR"hemoglobin A1 C"OR"fasting 
glucose"OR"blood glucose").

Inclusion and exclusion criteria
This review included quasi-experimental studies (QESs) 
and randomized controlled trials (RCTs) applying the 
PRECEDE-PROCEED model to patients with T2DM, 
published in English or Chinese. QESs were included 
alongside RCTs to capture a broader range of evidence, 
particularly in real-world settings where randomiza-
tion may not be feasible, while RCTs provided high-
quality experimental data. Eligible studies were required 
to report glycemic control or self-management, as the 
PRECEDE-PROCEED model evaluates both behavioral 
(self-management) and physiological (glycemic control) 
outcomes, with the former often being a prerequisite 
for the latter. The inclusion criteria were: (a) QESs or 
RCTs; (b) diagnosis of T2DM; (c) PRECEDE-PROCEED 
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model-based interventions; and (d) self-management or 
glycemic control as outcome measures. The exclusion 
criteria were: (a) non-original research, such as review 
articles, editorials, letters, and conference proceedings; 
(b) studies that did not differentiate between T2DM and 
type 1 diabetes; and (c) articles lacking full text.2.

Study selection and screening
Titles and abstracts of all identified studies were screened, 
and duplicate records were removed. Two researchers 
independently assessed the full texts for eligibility, and a 
third researcher resolved any disagreement.

Data extraction
Data extraction was performed using a custom form 
developed by three researchers. Extracted data included: 
(a) surname of the first author; (b) year of the publication 
and the study location; (c) participant characteristics; 
(d) intervention details(duration, delivery method, set-
ting, and assessment time points); (e) outcomes; (f ) main 
findings.

Risk of bias assessment
Two independent researchers assessed the quality of the 
included studies. The risk of bias in RCTs was evaluated 
using the Cochrane Risk of Bias tool [15], which catego-
rizes bias into three levels: low, unclear, and high risk. 
The evaluation considered several factors, including ran-
dom sequence generation, allocation concealment, blind-
ing of participants and personnel, blinding of outcome 
assessment, incomplete outcome data, selective report-
ing, and other potential sources of bias. The risk of bias in 
QESs was assessed using the Nonrandomized Studies of 
Interventions (ROBINS-I) tool [16] was applied to assess 
risk of bias in QESs, which covers the following domains: 
confounding, participant selection, intervention classifi-
cation, deviations from intended interventions, missing 
data, outcome measurement, and selective reporting. 
Additionally, ROBINS-I allows an optional assessment of 
the bias direction for each category.

Data synthesis and analysis
For qualitative synthesis, data were extracted and ana-
lyzed on participants, implementation details of the PRE-
CEDE-PROCEED model, outcome measures, and main 
findings. Meta-analyses were conducted on outcomes, 
including HbA1c, total self-management scores, and key 
variables of the PRECEDE-PROCEED model. Data were 
entered into Review Manager 5.4, a software developed 
by the Cochrane Collaboration, according to each study’s 
design and outcome metrics. Continuous variables were 
reported with corresponding p-values and 95% confi-
dence intervals (CIs), and effect sizes were calculated 

using Standardized Mean Difference (SMD) or Mean Dif-
ference (MD). A random-effects model was applied to 
account for statistical heterogeneity, and the I2 statistic 
was used to quantify it.

Results
Study selection process
A total of 354 records were retrieved from nine data-
bases. After removing duplicates, 192 records remained 
for title and abstract screening. Subsequently, 49 papers 
were selected for full-text evaluation, of which 14 studies 
met the inclusion criteria. All included studies detailed 
the intervention methods and clearly defined outcome 
measures. Each study also reported the baseline data 
comparability between the intervention and control 
groups. The study selection process is summarized in the 
flowchart shown in Fig. 1.

Characteristics of included studies
Among the fourteen eligible studies, all were published 
between 2011 and 2023, with eleven (78.6%) being RCTs 
and three (21.4%) QESs. These studies were conducted in 
four countries: six in China (42.3%), six in Iran (42.3%), 
one in Spain (7.1%), and one in the United States (7.1%). 
The study settings included diabetes clinics (n = 5), the 
endocrinology department (n = 4), communities (n = 3), 
and health centers (n = 2). A total of 2,478 patients with 
T2DM were involved, with sample sizes ranging from 
66 to 608. Among these studies, one focused on elderly 
patients over 60 years [17], one on female patients [12], 
one on Asian Americans [18], and one on empty-nest 
older adults [19]. The remaining studies included gen-
eral populations of patients with T2DM. The ages of the 
patients ranged from 48.7 to 68.1 years, with a mean age 
of 59.81 years. Table 1 presents the characteristics of the 
14 included studies.

Quality assessment of included studies
As systematically evaluated in Fig. 2, the 11 RCTs dem-
onstrated: (1) strong methodology in random sequence 
generation (81.8% low risk, with 9/11 studies using com-
puter-based randomization) and allocation concealment 
(100% low risk, using sealed envelopes), but unavoidable 
limitations in blinding-related domains—performance 
bias was rated high or unclear in 72.7% (8/11) due to the 
constraints of behavioral interventions, and detection 
bias was rated as unclear in 100% of the studies due to 
insufficient documentation of assessor blinding. Other 
domains, including incomplete outcome data (< 15% 
attrition) and selective reporting, consistently showed 
low risk. The 3 quasi-experimental studies (assessed 
with ROBINS-I) achieved uniformly low risk across all 
domains, particularly excelling in confounding control 
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(matched cohorts), participant selection (prespecified 
criteria), and outcome measurement (standardized pro-
tocols), demonstrating a rigorous non-randomized study 
design.

Description of interventions
In 13 studies, interventions for the experimental groups 
primarily comprised of educational programs based on 
the PRECEDE-PROCEED framework, while control 
groups received standard educational content. One study 
[9] uniquely combined self-management theory with 
the PRECEDE-PROCEED framework for the experi-
mental group, using the PRECEDE-PROCEED model 
alone for the control group. Various instructional meth-
ods were utilized, including lectures, group discussions, 

demonstrations, peer and family support, and distribu-
tion of educational materials. The duration of interven-
tions ranged from one month [21] to two years [22], with 
individual sessions lasting between 40 and 120 min. Ses-
sion frequencies varied, including weekly [11, 18, 21], 
biweekly [10, 20, 26], and monthly [19] schedules and fol-
low-up sessions every two months [25] or three months 
[22]. Healthcare professionals, such as nurses, doc-
tors, and community health educators, delivered most 
interventions.

Narrative synthesis of outcomes
The primary outcomes were HbA1c levels and self-
management, while secondary outcomes included key 
PRECEDE-PROCEED model variables (knowledge, 

Fig. 1  Flow diagram of study selection process
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Fig. 2  Quality assessment assessed and risk bias



Page 10 of 16Tang et al. BMC Public Health         (2025) 25:1980 

attitudes, self-efficacy, reinforcing factors, and ena-
bling factors), quality of life, and physiological indi-
cators. The included studies demonstrated consistent 
improvements in primary outcomes. Nine stud-
ies [17–19, 21–26] reported statistically significant 
reductions in HbA1c levels across varying follow-up 
periods (from immediate post-intervention to two-
year follow-up). Self-management capacities showed 
robust enhancement in eight studies, though measure-
ment tools varied, which could account for some dif-
ferences in the reported effects: three studies [18, 23, 
24] used the validated SDSCA scale [27], two [11, 25] 
employed study-specific instruments, and three stud-
ies utilized established questionnaires: Chinese CDC 
questionnaire [19], Walker and Pender’s instrument 
[20], Glasgow Diabetes Self-care questionnaire [12]. 
Notably, HbA1c improvements correlated with self-
management gains in five studies [18, 19, 23, 24, 26], 
suggesting behavioral mechanisms may underlie glyce-
mic control benefits.

Intervention effects extended to PRECEDE-PRO-
CEED model variables and clinical biomarkers. Five 
studies [9–12, 20] confirmed significant improvements 
in knowledge, attitudes, self-efficacy, reinforcing and 
enabling factors—key PRECEDE-PROCEED model 
variables. Physiologically, four studies [17, 19, 23, 24] 
documented concurrent reductions in 2  h-PBG and 
FPG, with three showing HbA1c synergy. Metabolic 
outcomes exhibited variability, with only 1/5 BMI 
studies [21] and 2/4 lipid studies [25, 26] reaching sta-
tistical significance, while 3/6 blood pressure studies 
[20, 25, 26] demonstrated clinically meaningful reduc-
tions. This pattern suggests the intervention most 
consistently affected glucose-related parameters, with 
variable impacts on other cardiometabolic risk factors.

Differences in study design, such as PRECEDE-
PROCEED phase application and measurement 
tools, may explain the outcome discrepancies. Thir-
teen studies fully applied all PRECEDE-PROCEED 
phases (planning/implementation/evaluation), while 
one [19] focused solely on planning. Measurement 
tool heterogeneity was evident, with six studies using 
model-specific scales (one standardized [28], five cus-
tom-developed) and eight incorporating supplemen-
tary measures (e.g., quality-of-life scales). Crucially, 
studies employing standardized tools (e.g., SDSCA, 
Dizaji’s scale) showed more consistent effects, suggest-
ing measurement precision influences outcome inter-
pretation. The 6-month assessment window (used in 
6/14 studies) appeared optimal for detecting sustained 
effects, especially when compared to the longer fol-
low-up periods observed in some studies.

Results of meta‑analysis
Effect on HbA1c
Six studies reported HbA1c outcomes at 6-month 
follow-up [18, 19, 21, 23–25]. The intervention group 
showed significantly lower HbA1c at 6 months (WMD 
= −0.63; 95% CI: −0.93 to −0.33; p < 0.0001) with sub-
stantial heterogeneity (I2 = 97%). To explore sources of 
heterogeneity, sensitivity analysis identified Li [25] as 
the primary contributor—its exclusion reduced I2 to 
75% (WMD = −0.71; 95% CI: −0.95 to −0.47). This can 
be explained by the distinctly lower baseline HbA1c 
(intervention: 7.03 ± 0.27% vs. the range of 7.04–8.82% 
in other studies), while exclusions of other studies 
maintained high heterogeneity (I2 95–98%) (complete 
sensitivity analysis data available upon request). For 
3-month outcomes, the analysis (n = 5 studies) demon-
strated a significant reduction (WMD = −0.50; 95% CI: 
−0.67 to −0.33; p < 0.00001) with moderate heterogene-
ity (I2 = 54%). Exclusion of Kim [18] (SDs: intervention 
0.1/control 0.2, indicating the highest measurement 
precision) or Hosseini (2017) [21] (SDs: intervention 
0.49/control 0.36) reduced I2 to 19% and 35%, respec-
tively, suggesting that measurement variability is a key 
factor, while exclusions of other studies showed con-
sistent moderate heterogeneity (I2 44–64%). Finally, 
the 1-month subgroup (n = 2) confirmed intervention 
benefits with perfect consistency (WMD = −0.41; 95% 
CI: −0.58 to −0.24; I2 = 0%), demonstrating early effects 
prior to the observed heterogeneity at later time points 
(Fig. 3).

Effect on self‑management
Eight studies [11, 12, 18–20, 23–25] reported sig-
nificant improvements in self-management domains, 
including diet, exercise, blood glucose monitoring, and 
foot care. Due to variations in evaluation scales and 
interpretations across studies, five studies reporting 
total self-management scores were included in meta-
analysis [11, 12, 19, 20, 23]. The standardized mean 
difference (SMD) was used to account for these meth-
odological differences. The meta-analysis revealed a 
statistically significant improvement in total self-man-
agement scores for the intervention group compared 
to the control group (SMD = 2.53; 95% CI: 1.14 to 3.91; 
p = 0.0004),, with substantial heterogeneity (I2 = 98%; 
Fig.  4). Sensitivity analysis by sequentially excluding 
individual studies confirmed persistently high hetero-
geneity (I2 > 95%), likely attributable to the variability in 
evaluation scales. The wide range of effect sizes (indi-
vidual study estimates: 0.85 to 4.56) further supports 
the intervention’s impact, albeit with inconsistent mag-
nitude across studies.
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Effect on PRECEDE‑PROCEED model variables
Data on the five key PRECEDE-PROCEED model vari-
ables—knowledge, attitudes, self-efficacy, reinforcing 
factors, and enabling factors—were reported in six stud-
ies. Among these, one study [21] presented outcomes 
as percentages, while another [9] integrated the model 
with self-management theory and compared it to a con-
trol group using only the PRECEDE-PROCEED model. 

Therefore, four studies [10–12, 20] using researcher-
developed questionnaires were included in the meta-
analysis, with SMD employed as the effect size. Endpoint 
values were used to enhance statistical power. The meta-
analysis demonstrated substantial improvements in all 
five variables for the intervention group compared to the 
control group: knowledge (SMD = 2.18; 95% CI: 0.51 to 
3.84; p = 0.01; I2 = 98%), attitudes (SMD = 2.19; 95% CI: 

Fig. 3  Forest plot of HbA1c

Fig. 4  Forest plot of total self-management scores
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0.47 to 3.91; p = 0.01; I2 = 98%), self-efficacy (SMD = 2.76; 
95% CI: 0.44 to 5.07; p = 0.02; I2 = 99%), reinforcing fac-
tors (SMD = 2.00; 95% CI: 0.12 to 4.12; p = 0.05; I2 = 
99%), enabling factors (SMD = 2.85; 95% CI: 0.20 to 5.51; 
p = 0.04; I2 = 99%).These results are illustrated in Fig. 5.

After excluding the study [20] with the largest sample 
size, heterogeneity for knowledge, attitude, and reinforc-
ing factors significantly decreased, with I2 values drop-
ping to 62%, 74%, and 67%, respectively, all below the 
75% threshold. The overall effect sizes for these variables 

Fig. 5  Forest plots of PRECEDE-PROCEED model variables
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remained statistically significant, indicating that this 
study contributed substantially to the observed hetero-
geneity. However, heterogeneity for self-efficacy and ena-
bling factors showed minimal change, suggesting that the 
variability in these domains may stem from differences in 
study design.

Discussion
This meta-analysis systematically evaluated the effects 
of PRECEDE-PROCEED model-based interventions on 
HbA1c levels and self-management among patients with 
T2DM. The analysis included pooled data from 14 stud-
ies conducted across four countries involving a total of 
2478 participants. The findings demonstrated that the 
PRECEDE-PROCEED model significantly improves both 
HbA1c levels and self-management behaviors, empha-
sizing its potential as a practical framework for diabetes 
education and management.

The included studies were conducted across diabetes 
clinics (n = 5), endocrinology departments (n = 4), and 
communities (n = 3), with differential effects observed. 
Clinic-based interventions resulted in larger HbA1c 
reductions (WMD = −0.72) compared to community 
programs (WMD = −0.39), likely due to stricter protocol 
adherence and immediate clinical feedback. Addition-
ally, cultural context played a role in outcomes, as Iranian 
studies reported higher self-efficacy gains (SMD = 3.12) 
than studies from China (SMD = 1.89). This difference 
may reflect the collectivist cultural reinforcement of 
peer support [12, 18], aligning with Doshmangir’s (2023) 
research [29] on the importance of context-dependent 
model adaptation. The PRECEDE-PROCEED model, 
as proposed by Lawrence W. Green, offers a structured 
framework that includes multi-level assessment, system-
atic intervention implementation, and guided evaluation. 
This model supports health behavior change and informs 
health promotion strategies in diverse populations and 
contexts [7]. The model’s application was organized into 
three distinct phases: planning, implementation, and 
evaluation, with educational diagnosis serving as its core 
component [7, 19]. By identifying and addressing predis-
posing, reinforcing, and enabling factors, the model dem-
onstrates its capacity to facilitate and sustain behavioral 
change [7, 30].

Predisposing factors identified in the studies included 
knowledge, attitudes, complications, and methods for 
managing specific diseases. Enabling factors encom-
passed access to resources and skills, such as professional 
guidance, available services and resources [7]. Reinforc-
ing factors involved support from family or friends [31] 
and tailored expert management [12]. Despite variability 
in assessment methods, 13 studies shared a consistent 
explanation of these three factors. However, one study 

[18] offered a different perspective, proposing that pre-
disposing factors also include demographic information, 
lifestyle-related behaviors, diabetes risk factors, medical 
history, and depression. Study [18] defined enabling fac-
tors as diabetes knowledge and self-efficacy, while rein-
forcing factors were not mentioned. Hansen et  al. [32] 
recently underscored the importance of understanding 
the concepts and constructs of theoretical models to 
ensure their effective application. Accordingly, research 
grounded in theory or models should prioritize providing 
comprehensive and high-quality descriptions of educa-
tional intervention frameworks. Future research should 
also aim to develop standardized methods for designing 
assessment tools and defining variables. Additionally, 
exploring how these factors may shape the model’s effec-
tiveness across different cultural contexts could provide 
valuable insights.

All studies included in this meta-analysis involved 
educational interventions targeting specific popula-
tions and providing practical recommendations for 
health program administrators [7, 33]. Most studies 
employed multiple approaches, with group-based teach-
ing and regular follow-ups being the most common. 
Group-based education addressed predisposing factors 
through diverse formats, such as health lectures, work-
shops, discussions, and interactive Q&A sessions. These 
formats facilitated peer learning and interaction [34], 
enhanced participants’knowledge, encouraged experi-
ence sharing, and fostered positive attitudes towards 
disease management [35]. Supportive interventions—
such as regular home visits (in person or via telephone), 
peer support groups, and outpatient professional coun-
selling—provided essential social support, maintain-
ing participants’engagement and motivation in health 
management. Additionally, tools such as educational 
materials, monitoring diaries, and practical guidance 
on self-monitoring blood glucose, physical exercise, and 
dietary adherence addressed enabling factors by equip-
ping participants with essential self-management skills 
[36]. These findings underscore the importance of a com-
prehensive approach, demonstrating that multifaceted 
interventions can drive sustained behavioral changes and 
improved health outcomes in individuals with T2DM, 
consistent with previous research [34].

This study supports previous systematic reviews [29, 
34, 37], demonstrating the effectiveness of PRECEDE-
PROCEED model-based interventions in reducing 
HbA1c levels in type 2 diabetes patients. It also offers 
new insights into the model’s role in enhancing self-
management behaviors and improving its key variables. 
The meta-analysis revealed significant HbA1c reductions 
at 1, 3, and 6  months, with effect sizes of −0.41, −0.50, 
and −0.63, respectively, indicating sustained benefits and 
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progressive improvements over time. Heterogeneity was 
notably high at the 6-month follow-up period (I2 = 97%), 
which may be attributed to two key methodological vari-
ations across studies. First, population diversity in base-
line characteristics (e.g., age range 48.7–68.1 years) likely 
influenced intervention responsiveness. Second, differ-
ences in intervention protocols—including session fre-
quency (weekly to monthly), total duration (1 month to 
2 years), and implementers (nurses vs. multidisciplinary 
teams)—may have contributed to effect size disparities. 
Shorter follow-up intervals exhibited lower heterogene-
ity (1 month: I2 = 0%, 3 months: I2 = 54%), suggesting that 
individual characteristics and adherence might vary over 
time. Previous studies [38, 39] have shown that lower 
HbA1c levels are associated with a reduced risk of micro-
vascular and macrovascular complications, emphasizing 
the PRECEDE-PROCEED model’s potential as an effec-
tive framework for glycemic control and complication 
prevention, making it a promising approach for T2DM 
management.

Pooled analysis showed substantial improvements 
in self-management (SMD = 2.53, 95%CI: 1.14–3.91), 
though with extreme heterogeneity (I2 = 98%) primar-
ily due to incompatibilities in measurement tools (e.g., 
SDSCA vs. study-specific questionnaires). Additional 
variability stemmed from differing behavioral constructs 
(comprehensive behaviors vs. diet-focused interven-
tions) and varying assessment timings (immediate post-
intervention vs. 3–6 month follow-ups), highlighting the 
urgent need for standardized diabetes self-management 
metrics in future trials. Despite these methodological 
variations, all studies reported positive effects, emphasiz-
ing the intervention’s robust impact on behavior.

The PRECEDE-PROCEED model identifies predispos-
ing factors—comprising knowledge, attitudes, and self-
efficacy—along with reinforcing and enabling factors as 
key elements in behavior change [11, 12, 22]. System-
atic diagnosis within the model ensures their effective 
application. This meta-analysis demonstrated significant 
improvements in the model’s five key variables, with 
effect sizes of 2.18 for knowledge, 2.19 for attitudes, 2.76 
for self-efficacy, 2.00 for reinforcing factors, and 2.85 for 
enabling factors. Among these variables, self-efficacy 
showed the strongest association with self-management, 
as noted by Peyrot and Rubin [40]. This finding aligns 
with the substantial increase in self-efficacy observed in 
this study, highlighting the intervention’s effectiveness 
in boosting participants’confidence in managing their 
health, as shown in earlier systematic reviews [41]. How-
ever, the high heterogeneity observed (I2 = 98% to 99%) 
likely reflects variations in sample sizes and research 
designs. Sensitivity analyses revealed that excluding 
the largest study significantly reduced heterogeneity for 

knowledge, attitude, and reinforcing factors, emphasizing 
the importance of methodological consistency in future 
research.

Despite the significant findings, this meta-analysis 
has certain limitations. First, the heterogeneity of the 
sample, coupled with variations in intervention dura-
tion, frequency, and content across the included studies, 
complicates direct comparisons. Second, the inability to 
implement blinding in several studies may have intro-
duced bias, potentially affecting the reliability and gen-
eralizability of the results. Additionally, the reliance on 
self-reported measures for assessing self-management 
behaviors introduces possibility of reporting bias, which 
may undermine the credibility of the outcomes. These 
limitations underscore the need to standardize interven-
tion protocols and establish consistent, objective out-
come measures to enhance the reliability and validity of 
future research.

Conclusion
This meta-analysis demonstrated that the PRECEDE-
PROCEED model-based interventions significantly 
reduced HbA1c levels and enhanced self-management 
among patients with T2DM, underscoring the crucial 
role of structured, theory-driven education in health pro-
motion. Future studies should prioritize the development 
of high-quality assessment tools and robust study designs 
to explore the model’s applicability across diverse popu-
lations and health conditions, thereby reinforcing the 
effectiveness and sustainability of chronic disease man-
agement strategies.
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