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Abstract 

A systematic meta-analysis was conducted to examine gender differences in self-efficacy and 

self-management among adults with Type 2 Diabetes Mellitus (T2DM). Twenty studies (2000–

2025) with gender-disaggregated data were analyzed according to PRISMA 2020 guidelines. The 

meta-analysis used standardized mean differences (Hedges’ g; men minus women) and a 

multilevel random-effects model, with moderator and sensitivity analyses for behavioral 

domains, measurement types, regions, and study quality. The pooled effect size was small and 

positive (g = 0.37, 95% CI: −0.11 to 0.85), but the confidence interval included zero and 

heterogeneity was substantial (I² = 95.3%), indicating considerable between-study variability. 

Moderator analyses showed no significant differences by behavioral domain, measurement 

method, region, or publication year. Evidence of small-study effects and wide prediction 

intervals further reduced certainty in the findings. Domain-specific results (e.g., dietary self-

management) were also positive but imprecise. Importantly, the certainty of evidence was rated 

low to very low due to imprecision, inconsistency, and potential publication bias, as assessed by 

the GRADE framework. Therefore, these findings should be interpreted as provisional and 

hypothesis-generating rather than definitive. In summary, gender differences in self-efficacy and 
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self-management in T2DM are small, inconsistently estimated, and of low certainty, with a 

tendency to favor men. These results suggest that gender is not a robust determinant of diabetes 

self-management, and that contextual and psychosocial factors likely contribute to variability 

across studies. Interventions should aim to enhance self-efficacy for all individuals with T2DM 

using context-sensitive and gender-responsive approaches. Future research should use 

standardized measures, report gender-disaggregated data, and include broader geographic 

samples. 

 

Key words: Type 2 diabetes mellitus, gender differences, self-efficacy, self-management 

behavior, meta-analysis 

 

 

 

Type 2 Diabetes Mellitus (T2DM) is among the most prevalent chronic conditions worldwide 

and a leading contributor to morbidity, disability, and premature mortality.1 Current estimates 

suggest that more than half a billion adults live with diabetes, approximately 90 percent of whom 

have T2DM.2 Effective management depends largely on patients’ engagement in daily self-

management behaviors (maintaining a balanced diet, performing regular physical activity, 

adhering to medication regimens, and monitoring blood glucose levels) which collectively 

determine glycemic control and long-term outcomes.3 Despite substantial advances in 

pharmacological therapy, sustaining these behaviors remains challenging; daily disease 

management requires self-regulatory effort, motivation, and confidence, factors that vary widely 

across individuals.4 Consequently, understanding the psychological and social determinants of 

diabetes self-management has become central to behavioral medicine.5 Among these 

determinants, gender has gained increasing attention as a potential but inconsistently examined 

source of variability in diabetes outcomes.6 Men and women differ in social roles, health beliefs, 

and emotional responses to chronic illness, each of which may shape how they manage T2DM.7 

Epidemiological evidence indicates that women with T2DM experience greater diabetes-related 
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distress, poorer quality of life, and higher relative cardiovascular mortality than men.8 Gender-

linked disparities in self-care resources (such as access to social support, time for personal 

health, and exposure to caregiving demands) may compound these outcomes.9 Qualitative 

research has shown that women frequently describe relational and household responsibilities as 

barriers to adherence, whereas men more often report challenges related to lifestyle norms or 

substance use.10 These findings suggest that gender is not merely a demographic descriptor but a 

sociocultural construct influencing patterns of self-regulation and coping in chronic disease 

contexts.11 A central psychological construct relevant to these differences is self-efficacy, 

defined by Bandura’s social cognitive theory as an individual’s belief in their capacity to 

organize and execute behaviors required to manage prospective situations.12 In diabetes care, 

self-efficacy refers to confidence in performing self-management behaviors such as dietary 

control or glucose monitoring. Higher diabetes self-efficacy consistently predicts better 

adherence, lower HbA1c levels, and reduced emotional distress.13,14 

However, evidence regarding gender variation in self-efficacy is inconsistent. Several studies 

have reported lower diabetes-specific self-efficacy among women than men, suggesting a 

potential psychological mechanism for behavioral disparities.15,16 Others, however, have found 

negligible or reversed differences, or have observed that self-efficacy functions differently across 

genders for instance, predicting self-management behaviors more strongly among women, 

whereas numeracy and health knowledge play a larger role among men.17,18 Such inconsistency 

reflects both theoretical and methodological gaps. Theoretically, research seldom integrates 

gender socialization processes (how norms surrounding autonomy, emotional expression, and 

caregiving may influence health-related confidence and behavior) into models of diabetes self-

regulation.19 Methodologically, studies vary in behavioral domains examined (e.g., diet, physical 

activity, medication adherence), in whether measures are diabetes-specific or general, and in 

regional and cultural contexts, leading to heterogeneous and sometimes contradictory 

findings.20,21 No quantitative synthesis to date has systematically evaluated how these design 

features moderate gender differences in diabetes self-efficacy and self-management 

behaviors.22,23 The present meta-analysis addresses this gap by integrating available evidence on 

adult populations with T2DM to quantify gender differences in both diabetes self-efficacy and 

engagement in self-management behaviors. Effect sizes are expressed as Hedges’ g (men − 
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women; positive values indicating higher scores in men), allowing comparison across diverse 

measurement scales.  

 

Objectives 

The central research question is: To what extent do adult men and women with T2DM differ in i) 

diabetes self-efficacy and ii) engagement in diabetes self-management behaviors, and how do 

these effects vary by behavioral domain, measurement type, region, and study quality? By 

clarifying the magnitude and pattern of gender differences, this study aims to inform theoretical 

models of self-regulation in chronic disease and guide the design of gender-sensitive 

interventions to enhance diabetes management and reduce health inequities. 

 

Materials and Methods 

This meta-analysis followed the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA 2020) guidelines and complied with established standards for quantitative 

synthesis in behavioral medicine and psychology.24 The analytical procedures were pre-

registered and designed to ensure transparency, reproducibility, and methodological rigor across 

all stages of study identification, coding, and synthesis. A comprehensive literature search was 

conducted across PubMed, PsycINFO, Scopus, Web of Science, and CINAHL databases, 

covering the period from January 2000 to June 2025. Search strings combined controlled 

vocabulary and free-text terms related to T2DM, self-management, self-efficacy, and gender or 

sex differences (e.g., “Type 2 diabetes mellitus” OR “T2DM” AND “self-management” OR 

“self-efficacy” AND “gender differences” OR “sex differences” OR “men” OR “women”). 

Reference lists of included studies and recent reviews were manually screened to identify 

additional eligible publications. A total of 896 records were retrieved. After the removal of 

duplicates, 642 unique studies were screened at the title and abstract level by two independent 

reviewers. Full-text evaluation was conducted for 128 articles. Of these, 108 were excluded for 

reasons including: i) absence of gender-disaggregated data, ii) non-adult or mixed clinical 

populations, or iii) insufficient statistical information to compute standardized mean differences. 
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Twenty studies met all inclusion criteria and were entered into the quantitative synthesis.25-44 The 

PRISMA flow diagram, with exclusion counts at each stage, is presented in Figure 1. 

Studies were included if they i) involved adult participants (≥18 years) with a clinical diagnosis 

of T2DM; ii) assessed diabetes self-efficacy or at least one self-management behavior (diet, 

physical activity, medication adherence, glucose monitoring, foot care, smoking cessation, or a 

composite index); iii) provided gender-disaggregated data or statistics convertible to 

standardized mean differences (means, standard deviations, t, F, d, or r); and iv) were 

observational or interventional designs published in peer-reviewed English-language journals. 

Exclusion criteria comprised studies of Type 1 or gestational diabetes, qualitative designs, 

mixed-disease samples, or reports lacking analyzable quantitative data. 

Data extraction was performed by two trained reviewers using a standardized protocol. 

Discrepancies were resolved by discussion until consensus was achieved. Extracted variables 

included study identifiers (first author, year, country, region), design, sample size, gender 

composition, mean age, behavioral domain, outcome construct, measurement instrument, and 

risk of bias score. At the effect-size level, means and standard deviations by gender were 

extracted, or when unavailable, alternate test statistics convertible to standardized mean 

differences (t, F, Cohen’s d, or correlation coefficients). All computations were independently 

verified by a second coder. 

Standardized mean differences were expressed as Hedges’ g, defined as (men − women), with 

positive values indicating higher scores in men. Hedges’ g was selected over Cohen’s d due to its 

small-sample bias correction. For studies reporting alternative statistics (t, F, d, or r), conversion 

followed established formulas. Unequal group sizes were accommodated through weighted 

pooled variance calculations. Scales were harmonized for interpretive consistency. When higher 

values indicated poorer outcomes (e.g., lower adherence or greater distress), scores were inverted 

so that positive Hedges’ g values consistently reflected higher self-efficacy or better self-

management among men. All transformations and computation sources were logged and cross-

validated. 

Risk of bias was assessed using the Newcastle–Ottawa Scale (NOS), which evaluates selection, 

comparability, and outcome domains. Studies were rated on a 0–9 scale and categorized as low 
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(7–9), moderate (5–6), or high (≤4) risk. Ratings were performed independently by two 

reviewers, and consensus was reached through discussion. NOS classifications were later 

included as moderators in sensitivity analyses. 

Meta-analytic computations were performed in R (version 4.4.0) using the metafor and 

clubSandwich packages. A multilevel random-effects model was estimated via restricted 

maximum likelihood (Random-Effects Model, REML) to account for the nesting of multiple 

effects within studies. The pooled Hedges’ g, its 95% confidence interval, and 95% prediction 

interval were derived to characterize both the mean and dispersion of true gender differences 

across studies. Between- and within-study variance components (τ²) and corresponding I² values 

were computed to quantify heterogeneity. Influence diagnostics included leave-one-study-out 

and leave-one-effect-out procedures, Baujat contribution analysis, profile-likelihood estimation 

of τ², and residual Q–Q assessment. All significance tests were two-tailed, with p < .05 

considered statistically significant. 

Moderator analyses evaluated whether gender differences varied by behavioral domain (diet, 

physical activity, medication adherence, glucose monitoring, foot care, smoking, composite), 

measurement type (diabetes-specific vs. general), region, publication year, or study quality. Each 

moderator was modeled independently using Cluster-Robust Variance Estimation (CRVE) to 

correct for small-cluster bias. Exploratory interactions were estimated only when the number of 

effects per subgroup permitted stable convergence. 

Sensitivity analyses tested model robustness by excluding high-risk studies, removing high-

influence cases identified via Cook’s distance, and performing leave-one-laboratory-out re-

estimations. Subgroup syntheses were also stratified by NOS risk category. Potential small-study 

effects were evaluated using contour-enhanced funnel plots, Egger regression, and PET–PEESE 

sensitivity adjustments. When sufficient data were available, Vevea–Hedges selection models 

were fitted to estimate adjusted pooled effects under alternative publication bias assumptions. 

Specification-curve meta-analysis (multiverse analysis) was conducted to examine the stability 

of pooled estimates across all defensible analytic specifications. Certainty of evidence for each 

construct (self-efficacy and self-management) was rated using a modified GRADE framework, 

incorporating four criteria: imprecision (prediction interval width), inconsistency (heterogeneity), 

risk of bias, and small-study effects. Certainty levels were classified as high, moderate, low, or 
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very low. Given the breadth of the included literature, a concise descriptive snapshot is provided 

by presenting ten studies selected at random from the master dataset (random seed fixed for 

reproducibility). These entries are offered solely to illustrate design diversity, settings, and 

measurement approaches; all inferential analyses in the manuscript use the complete dataset. 

Supplementary Material 1 enumerates, for each study, the author and year, country and region, 

total sample size with sex-specific counts where available, mean age when reported, the outcome 

construct mapped for synthesis, the original measurement instrument, and the overall risk-of-bias 

score (NOS). 

 

Results 

Data audit and distributional diagnostics 

The pooled distribution of standardized mean differences (Hedges’ g, adjusted for small-sample 

bias) was examined to evaluate internal coherence of the harmonized dataset (Figure 2). The sign 

convention was fixed as men − women, such that positive values denote higher scores in men. 

Across all effects, the distribution was approximately symmetric and centered near zero, with a 

mild right skew extending to about g ≈ +0.8. This pattern indicates that most studies reported 

minimal gender differences in diabetes self-efficacy and self-management behaviors, while a 

limited cluster of effects favored men. Negative values, reflecting higher scores in women, were 

less frequent and smaller in magnitude. The density structure therefore suggests that mean 

gender differences are generally small, with occasional positive deviations that warrant formal 

estimation of heterogeneity. 

When stratified by behavioral domain (Figure 2, middle panel), variability in distributional shape 

was evident. Diet-related and composite outcomes were tightly centered around g = 0, indicating 

negligible gender contrast. Foot-care behaviors exhibited a broader and more right-skewed 

spread, suggesting greater heterogeneity and some instances of higher male scores. Physical-

activity and medication-adherence domains displayed narrower ranges with limited sample 

representation. These domain-specific patterns visually support the inclusion of behavioral 

domain as a moderator in subsequent analyses. The calibration plot (Figure 2, right panel) was 

designed to compare g values computed from group means and standard deviations with those 
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reconstructed from alternative test statistics (t, F, r, d). However, too few studies reported both 

formats to estimate cross-format bias empirically. An annotated schematic panel is therefore 

presented to document this limitation. The absence of paired formats prevents evaluation of 

cross-source agreement but does not imply inaccuracy of single-source estimates. Together, 

these descriptive diagnostics indicate that the effect-size dataset is internally consistent and 

analytically stable. The observed distribution of Hedges’ g reveals small, variable gender 

differences across behavioral domains, providing the empirical basis for the multilevel synthesis 

and heterogeneity modeling reported in Step 2. 

 

Primary multilevel synthesis, heterogeneity decomposition, and influence diagnostics 

A multilevel REML estimated a pooled standardized mean difference on the Hedges’ g scale 

(men − women; positive values indicate higher scores in men). The pooled effect was g = 0.37 

with a 95% Confidence Interval (CI) from −0.11 to 0.85 and a 95% prediction interval from 

−1.67 to 2.41. Variance components were estimated as τ²between = 0.511 and τ²within = 0.511. 

The corresponding I² values were 47.6% at the between-study level, 47.6% at the within-study 

level, and 95.3% overall. Eighteen studies contributed 18 effects in this stage. Full estimates 

appear in Supplementary Material 2. Figure 3 presents the enhanced forest plot grouped by 

domain. Most study estimates cluster near zero, with several positive effects and fewer negative 

values; the shaded band depicts the overall 95% prediction interval. Figure 4 summarizes 

heterogeneity diagnostics. The profile-likelihood curves are flat-to-declining over increasing τ² 

values, consistent with identifiable nonzero heterogeneity. BLUPs for study-level random effects 

generally center near zero with a small number of positive deviations. The residual Q–Q plot 

shows approximate linearity with an upper-tail deviation, indicating a potentially influential 

positive residual to be considered in leave-one-out diagnostics. 

 

Moderator program and model comparison 

Cluster-robust meta-regressions evaluated domain, measurement type, region, and year as 

sources of heterogeneity in Hedges’ g (men − women; positive values indicate higher scores in 
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men). Supplementary Material 3 reports coefficients with Cluster-Robust Standard Errors (CR2 

SEs), p-values, ΔAICc, pseudo-R², and sample sizes. Across models, confidence and 

simultaneous-interval evidence were limited, with several estimates near zero and wide 

uncertainty where k was small. Predicted marginal effects by domain (Supplementary Material 

4) were centered close to zero with overlapping simultaneous CIs for most domains, consistent 

with the non-significant domain coefficients in Supplementary Material 3. The partial 

dependence of g on year (Supplementary Material 5) was approximately flat within domains, 

aligning with the near-zero-year slope in Supplementary Material 3. The interaction heatmap 

(Figure 5) indicated few domain × measurement-type cells with intervals excluding zero.  

 

Small-study effects and funnel asymmetry 

The distribution of study precision against effect size indicates asymmetry (Supplementary 

Material 6). Effects are concentrated at low-to-moderate precision with more positive than 

negative values relative to the meta-analytic mean; one extreme low-precision positive point 

appears at the far right, and a single high-precision estimate lies near g ≈ −0.2. The outcome 

metric is Hedges’ g (men − women; positive values denote higher scores in men). Egger 

regression using precision (1/SE) as the predictor and Knapp–Hartung inference under REML 

identified statistically significant asymmetry (Supplementary Material 7). The test yielded z = 

3.489, p = 0.003. This result is consistent with small-study effects in this corpus. The extreme 

positive, low-precision point observed in Supplementary Material 6 may contribute to the 

detected asymmetry; as noted in Step 2, influence diagnostics should be consulted when 

interpreting the pooled estimate. No additional bias-adjusted models were provided for this step. 

 

Sensitivity, subgroup credibility, and certainty of evidence 

Sensitivity analyses produced pooled estimates that were close to the primary model with mostly 

small absolute changes (Supplementary Material 8). The outcome metric is Hedges’ g (men − 

women; positive values denote higher scores in men). Leave-one-lab-out removals yielded 

several Δ values near zero and two removals with larger negative shifts, consistent with the 
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longest bars in Figure 6. The aggregated removal of studies flagged as high influence resulted in 

a modest reduction in the pooled estimate, remaining within the range displayed in 

Supplementary Material 8. 

Figure 6 shows the tornado robustness plot of Δpooled g for each sensitivity cut. The largest 

negative shifts were observed for lab-out Wahyuni and Cortez, whereas most other removals 

produced minimal changes distributed around zero.  

Supplementary Material 9 presents domain-specific pooled effects with 95% prediction intervals. 

Only composite and diet could be synthesized at this stage; both point estimates were positive 

with wide intervals crossing zero. Domains without sufficient effects are displayed as empty 

rows, indicating that no pooled estimate was computed for those domains in this step. The 

GRADE summary in Supplementary Material 10 rates certainty as very low for the overall 

construct and for the two estimable domains, reflecting imprecision (wide prediction intervals), 

inconsistency (heterogeneity reported in Step 2), and small-study effects (Step 4). Domains 

without estimable pooled effects are listed with lower certainty due to insufficient evidence. 

 

Discussion 

The pooled multilevel model indicated a small positive mean difference on the Hedges’ g scale 

(men − women), with the confidence interval encompassing zero and a wide prediction interval. 

Thus, across included studies,25-44 average gender differences in diabetes self-efficacy and self-

management behaviors were small, tended to favor men, and were estimated with considerable 

imprecision in the presence of substantial heterogeneity. Interpreted within social cognitive 

theory, this pattern is consistent with modest gender-linked differences in perceived capability 

and enacted routines, rather than large or uniform disparities.12 As outlined in the introduction, 

gendered social roles, care responsibilities, and emotion regulation demands may shape self-

regulatory opportunities and constraints.7,11 The current synthesis is compatible with those 

frameworks while indicating that any average differences are limited in size and vary across 

settings—aligning with epidemiological observations of higher distress and differential resource 

access among women with T2DM8,9 and with qualitative accounts of gendered barriers.10 

Moderator analyses did not provide strong explanatory resolution. Domain-wise marginal effects 
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were close to zero with wide simultaneous confidence intervals, and cluster-robust coefficients 

for behavioral domains were not statistically different from zero. Measurement type and 

publication year showed no systematic associations with the pooled effect, and regional contrasts 

were imprecise with overlapping intervals. These results indicate that the observed heterogeneity 

was not parsimoniously captured by the prespecified moderators, suggesting that context-specific 

factors not encoded here (e.g., caregiving load, social support, socioeconomic stressors, or clinic-

level facilitation) may account for between-study variability. This is consistent with mixed 

single-study findings reported in the background.15-18 

For example, one included study found that women with higher caregiving responsibilities 

reported lower self-efficacy scores, particularly when lacking family or clinic-based support, 

whereas men in the same setting were less affected by these contextual burdens.15 Similarly, 

studies from low-income settings have documented that socioeconomic hardship 

disproportionately limits women’s access to diabetes self-management resources, such as 

medication or healthy foods, thus impacting behavioral outcomes.17 In the broader literature, 

qualitative work has highlighted that women’s care roles within families can constrain the time 

and energy available for their own self-management, and that limited clinic-level support 

exacerbates these barriers.10,18 These examples concretely illustrate how intersectional factors 

such as caregiving burden, socioeconomic status, and clinic support interact to shape observed 

gender differences in diabetes self-management, and underscore the need for future research to 

systematically assess these moderators  

Crucially, the heterogeneity in effect sizes was substantial (I² = 95.3%), indicating that a very 

large proportion of the variability in study results is due to real differences between studies rather 

than sampling error. While this was acknowledged in the original text, it is important to further 

clarify for readers that such high inconsistency greatly limits the confidence one can place in the 

pooled estimate. Specifically, when heterogeneity is this high, the average effect calculated may 

not accurately represent the effect in any particular study, setting, or patient group. Instead, it 

reflects a statistical average across highly diverse findings, making it less suitable as a basis for 

generalizable clinical or policy recommendations. Clinicians and policymakers should therefore 

exercise caution in interpreting the pooled results, and should consider local context and 

population characteristics when applying these findings. 
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Small-study effects analyses qualify the interpretation. The contour-enhanced funnel displayed 

asymmetry, and Egger regression using precision on effect with Knapp–Hartung inference was 

statistically significant (z = 3.489, p = 0.003), indicating small-study effects. An extreme low-

precision positive point was evident, consistent with right-tail inflation in the presence of low 

precision. Sensitivity analyses showed that the pooled estimate was not dominated by any single 

laboratory: leave-one-lab-out and high-influence removals produced mostly small changes, with 

the largest absolute shifts reducing the pooled effect but remaining within the range summarized 

in Supplementary Material 8. While domain-specific results (e.g., diet, physical activity, 

composite self-management) are referenced, only diet and composite domains could be 

synthesized due to data limitations. Domain-wise pooled estimates that could be computed 

(composite and diet) were positive but imprecise, with prediction intervals crossing zero 

(Supplementary Material 10). This represents a critical limitation, as the lack of sufficient data 

prevented synthesis of other important behavioral domains such as physical activity or 

medication adherence; therefore, the findings presented here may not be generalizable to all 

domains of diabetes self-management. Taken together, the asymmetry signal suggests caution 

about magnitude, while robustness checks indicate that the qualitative direction of the overall 

effect was stable under multiple defensible specifications. Certainty of evidence, appraised using 

a modified GRADE approach, was rated low to very low for the constructs synthesized 

(Supplementary Material 10). Downgrades were applied for imprecision (wide prediction 

intervals around pooled effects), inconsistency (nontrivial τ² and high I² from the primary model; 

Supplementary Material 2), and small-study effects (significant Egger test; Supplementary 

Material 7). These ratings are consistent with the theoretical and methodological gaps identified 

in the introduction and emphasize the need for stronger evidential bases to refine domain-

specific conclusions.19-23 Future studies should prioritize collecting and reporting domain-

specific, gender-disaggregated data to enable more comprehensive and precise syntheses of 

gender differences across all relevant self-management behaviors. 

The high level of heterogeneity (I² = 95.3%) means that the variability between studies is 

extreme, and thus the pooled estimate should not be interpreted as a definitive summary effect. 

Instead, it serves as an indicator of possible directions and magnitudes that may be observed in 

some contexts, but not necessarily in others. This level of inconsistency warns against over-

reliance on the pooled estimate for clinical guidance, and highlights the importance of 
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considering study- and context-specific factors in both research and practice. 

Implications for behavioral medicine should match the scale and uncertainty of the findings. 

Interventions that cultivate diabetes-specific mastery experiences and bolster self-efficacy may 

be particularly pertinent where women face elevated distress and constrained resources,8,10 

recognizing that expected average gains are likely modest. Given the absence of strong domain 

moderation, cross-cutting components (structured skills practice, problem-solving, and social 

support) are plausible targets that do not presuppose large gender contrasts for particular 

behaviors such as glucose monitoring or medication adherence.3,5 The presence of funnel 

asymmetry and wide prediction intervals further indicates that clinical translation should be 

context-sensitive and accompanied by local evaluation. Several limitations of the evidence base 

shape interpretation. Sparse data within domains limited precision for domain-specific syntheses 

and constrained interaction modeling. In particular, only diet and composite domains were 

synthesized, and lack of data for other domains such as physical activity restricted the scope of 

conclusions; this should be more clearly recognized as a limitation of the present study. 

Measurement heterogeneity remained despite harmonization, reflecting variability in content 

breadth and psychometric properties across instruments. Cross-format calibration could not be 

estimated due to a lack of paired reporting formats, leaving minor uncertainty about 

computation-source alignment. Regional coverage was uneven, and English-language restriction 

may have reduced coverage. Residual study-level confounding (e.g., comorbidity, 

socioeconomic conditions, or health system access) may have contributed to unexplained 

heterogeneity.   

For instance, studies have reported that the availability of structured diabetes education or peer 

support at the clinic level can mitigate some of the gendered disadvantages associated with 

caregiving or low socioeconomic status, but such resources were not consistently described or 

measured across studies included in this review.17,18 This further illustrates the need for future 

research to include and report on such moderators to clarify their potential explanatory role. 

Given the substantial heterogeneity, clinical and policy recommendations should be framed with 

explicit acknowledgement of this limitation. Practitioners are advised to view the pooled results 

as suggestive rather than prescriptive, and to tailor intervention strategies to the specific needs 
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and characteristics of their patient populations. Moreover, the inability to synthesize all 

behavioral domains due to data limitations further restricts the generalizability of these findings 

and should be considered when applying them in practice. Future research should prioritize 

designs and reporting that can help unpack the sources of heterogeneity and clarify which factors 

drive the observed inconsistency. Specifically, there is a need for future studies with 

standardized, domain-specific, and gender-disaggregated data to address the gaps identified in 

this review and to enable more robust and nuanced meta-analytic synthesis. 

Priorities for subsequent work follow directly from these constraints. Preregistered studies using 

standardized diabetes-specific self-efficacy measures, complete gender-disaggregated reporting, 

and sufficient sample sizes per behavioral domain are needed to improve precision and permit 

informative interactions. Intersectional moderators (caregiving burden, social support, numeracy, 

and health literacy) should be encoded a priori. Individual-participant-data meta-analyses could 

test mediational pathways predicted by social cognitive and gender socialization frameworks 

more directly.7,11,12 Broader geographic representation, particularly from low- and middle-

income countries, would strengthen external validity and clarify contextual boundary conditions. 

In conclusion, this meta-analysis indicates small, heterogeneous gender differences in diabetes 

self-efficacy and self-management behaviors that on average favor men, with substantial 

uncertainty reflected in wide prediction intervals and limited moderator explanation. The results 

are compatible with theoretical accounts that locate gendered disparities in self-regulatory beliefs 

and contextual constraints while underscoring their modest magnitude and variable expression 

across settings. These findings address the research question directly and motivate theory-

informed, context-aware intervention development alongside more precise empirical tests of the 

mechanisms through which gendered processes shape diabetes self-regulation. 

 

Conclusions 

This meta-analysis synthesized evidence on gender differences in diabetes self-efficacy and self-

management among adults with T2DM, using Hedges’ g defined as men − women (positive 

values indicate higher scores in men). The pooled estimate was small and directionally positive, 

but the confidence interval included zero and the prediction interval was wide, indicating 



16 
 

imprecision and substantial heterogeneity across studies. Accordingly, the average difference 

tended to favor men, yet its magnitude was limited and its expression varied across settings and 

measures. Interpreted within social cognitive theory, the findings are compatible with modest 

gender-linked variation in perceived capability and enactment of diabetes-related routines rather 

than large or universal disparities. This pattern coheres with gender socialization accounts in 

which norms surrounding autonomy, caregiving, and emotional labor condition opportunities to 

exercise self-regulatory skills. At the same time, moderator models provided limited explanatory 

leverage: behavioral domain, measurement type, publication year, and region yielded 

coefficients near zero with wide uncertainty. This constellation suggests, without proving, that 

unmeasured contextual factors (e.g., caregiving load, socioeconomic constraints, clinic-level 

support) may account for between-study variability. Small-study effects analyses indicated 

funnel asymmetry (significant Egger test with Knapp–Hartung inference), and the funnel 

contained an extreme low-precision positive point. Sensitivity procedures (leave-one-lab-out, 

high-influence exclusions) reduced the pooled magnitude under conservative cuts but did not 

reverse its direction, implying qualitative stability with quantitative attenuation. Domain-specific 

syntheses that were estimable (composite, diet) showed positive point estimates accompanied by 

prediction intervals crossing zero, reinforcing the conclusion of context-dependent and 

imprecisely estimated differences. Certainty of evidence, appraised with a modified GRADE 

framework, was low to very low due to imprecision (broad prediction intervals), inconsistency 

(nontrivial τ²/I²), and small-study effects. These ratings define the epistemic boundary of 

inference: results should be interpreted as provisional and hypothesis-generating rather than 

definitive, and not as conclusive evidence of a gender effect. Importantly, the substantial 

heterogeneity (I² = 95.3%) observed in this meta-analysis means that the pooled estimate cannot 

be considered a reliable or universally applicable measure of gender differences in diabetes self-

efficacy and self-management. The large between-study variability suggests that findings are 

highly context-dependent and that any clinical or policy recommendations should be made with 

caution, incorporating local evidence and patient characteristics whenever possible. Implications 

for practice therefore emphasize mechanism over segmentation. Given the small average 

difference and limited certainty, interventions should prioritize cross-cutting components that 

strengthen diabetes-specific self-efficacy for all patients (structured mastery experiences, 

problem-solving, feedback, and social support) while recognizing that context (e.g., caregiving 
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demands, time scarcity) may differentially constrain some women’s self-management 

opportunities. Gender-sensitive (context-aware) rather than gender-specific (categorical) designs 

are most consistent with the evidence. Priorities for research follow directly. Studies should 

adopt standardized, diabetes-specific self-efficacy measures; report complete gender-

disaggregated data; and pre-register analytic decisions. Intersectional moderators (caregiving 

burden, social support, numeracy, health literacy) should be encoded prospectively. Individual-

participant-data meta-analyses would allow tests of mediation pathways posited by social 

cognitive and gender socialization frameworks. Broader geographic representation is needed to 

clarify contextual boundary conditions and reduce heterogeneity. The evidence indicates a small, 

directionally positive gender difference in diabetes self-efficacy and self-management that is 

heterogeneous and imprecisely estimated. Treating gender as a contextual modifier of self-

regulatory processes, rather than a fixed determinant, best aligns with these data and with 

contemporary psychological theory. 
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Figure 1. PRISMA 2020 flow diagram for study selection process. 
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Figure 2. Effect Distribution, Ridgeline by Domain, and Calibration (Bland–Altman); Left: 

Raincloud and kernel-density plot of Hedges’ g (men − women; positive = higher in men) with 

rug marks for individual study effects. Middle: Ridgeline densities by behavioral domain, 

illustrating variation across diet, foot-care, glucose-monitoring, medication-adherence, physical-

activity, and composite outcomes. Right: Annotated schematic for the Bland–Altman calibration; 

paired formats were insufficient to permit estimation of cross-format bias, and the panel 

documents this constraint. 
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Figure 3. Enhanced forest plot by study and domain (overall prediction interval shaded); Study-

level Hedges’ g with 95% confidence intervals, grouped by behavioral domain; dashed vertical 

line shows the pooled estimate and the shaded band indicates the 95% prediction interval. 

Direction: positive values indicate higher scores in men. 
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Figure 4. Heterogeneity dashboard: profile-likelihood curves, study BLUPs, and residual Q–Q; 

Left: profile-likelihood curves for the between- and within-study variance components (τ²); 

curvature indicates identifiable nonzero heterogeneity. Middle: study-level BLUPs with 

intervals; points near zero indicate small random effects with a few positive deviations. Right: 

residual Q–Q plot; approximate linearity with an upper-tail deviation suggests a potentially 

influential positive residual to be examined in leave-one-out diagnostics. 
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Figure 5. Interaction heatmap: domain × measurement type; Estimated domain × measurement-

type contrasts on the Hedges’ g scale; darker cells represent larger predicted differences. An 

asterisk denotes cells where simultaneous confidence intervals exclude zero. Sparse cells should 

be interpreted cautiously. 
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Figure 6. Tornado robustness plot (Δ pooled g for each sensitivity cut); Horizontal bars display 

the change in pooled Hedges’ g relative to the primary model for each leave-one-lab-out scenario 

and for the aggregated removal of high-influence studies. Bars with the largest absolute Δ 

correspond to Wahyuni and Cortez; most other removals are near zero. 
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