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Background: Comprehensive geriatric assessment (CGA) offers promise for improving diabetes management in older adults; however, its real-world effectiveness depends on implementation fidelity, which remains poorly understood. This study examined fidelity variations and their associations with clinical outcomes in nurse-led CGA for older adults with type 2 diabetes at a tertiary care hospital in China.

Methods: This cross-sectional implementation study enrolled 3,351 adults aged ≥65 years with type 2 diabetes from Shanghai Jiading District Central Hospital between March 2021 and February 2025. Implementation fidelity was assessed using five validated dimensions yielding a composite score (mean 0.64, SD 0.19; range 0.28–0.94). Primary outcome was glycated hemoglobin (HbA1c); secondary outcomes included cardiometabolic parameters, patient-centered measures, healthcare utilization, and hypoglycemic events. Linear regression models with robust standard errors adjusted for confounders; mediation analysis examined functional status pathways.

Results: Fidelity demonstrated variation within the hospital (mean 0.64, SD 0.19; range 0.28–0.94), with higher educational attainment, provider experience, and CGA training completion associated with better implementation quality. Higher fidelity was associated with lower HbA1c (adjusted β −0.38 per 0.10-unit increase, 95% CI −0.47 to −0.29; p < 0.001), with a graded association across quartiles [7.89% (95% CI 7.78–8.00) in the lowest quartile vs. 7.16% (95% CI 7.04–7.28) in the highest quartile; p for trend < 0.001]. Benefits were associated with lower systolic blood pressure (−5.10 mm Hg, 95% CI −7.20 to −3.00), LDL cholesterol (−6.50 mg/dl, 95% CI −9.10 to −3.90), improved quality of life (EuroQol-5D: 0.061, 95% CI 0.041–0.081), and decreased depressive symptoms (−1.10, 95% CI −1.40 to −0.80; all p < 0.001). Healthcare utilization declined (hospitalization incidence rate ratio 0.61, 95% CI 0.51–0.73; p < 0.001), and odds of hypoglycemic events were lower (odds ratio 0.78, 95% CI 0.72–0.84; p < 0.001). Functional status was an estimated mediator of 31.6% of the fidelity–HbA1c association (indirect β −0.12, 95% CI −0.17 to −0.07; p < 0.001), with age and gait speed modifying associations (p = 0.04 and 0.02, respectively).

Conclusion: High-fidelity CGA integration is associated with substantial clinical benefits and lower healthcare utilization; while suggestive of economic advantages, a formal cost-effectiveness evaluation was not undertaken. These associations support an institutional focus on provider training, experience development, and patient education to optimize geriatric diabetes care quality.
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1 Introduction

The rising prevalence of type 2 diabetes mellitus in older adults presents a significant public health concern, intensified by global population aging. In the United States, 26% of adults aged ≥65 years have diagnosed diabetes, and an additional 50% exhibit prediabetes, contributing to elevated morbidity, mortality, and healthcare costs (1). China, home to the world's largest diabetic population, reports prevalence rates of 23.9% in individuals aged 60–69 and 27.3% in those ≥70 years, affecting approximately 74 million older adults among its 269 million citizens aged ≥60. By 2045, global diabetes cases in adults ≥65 are projected to surpass 276 million, with China disproportionately affected due to urbanization and lifestyle transitions (2, 3). These trends are compounded by age-related declines in insulin sensitivity and beta-cell function, heightening risks of glycemic instability and complications such as cardiovascular disease and neuropathy (4–6). Thus, innovative care models must integrate metabolic management with geriatric considerations to mitigate adverse outcomes and enhance resource efficiency (7).

In China, the rapid expansion of the older adult population, combined with the increasing prevalence of type 2 diabetes, poses significant challenges for healthcare delivery. National guidelines underscore the urgency of addressing chronic diseases among older adults patients, and diabetes management in this group is particularly complex due to the frequent coexistence of hypertension, cardiovascular disease, and other comorbid conditions (8). The multifaceted nature of these challenges mandates a shift from conventional disease-specific management toward a more holistic approach that considers the physical, psychological, and social dimensions of health. Comprehensive geriatric assessment (CGA) represents a promising strategy to meet these demands by facilitating a multidimensional evaluation that is crucial for tailoring individualized care plans (9, 10).

While CGA has gained ground internationally to improve health outcomes among older adults, its routine integration into nursing care within China remains in its infancy. Recent studies indicate that CGA was introduced in China primarily in outpatient and community settings, but its application in inpatient environments—especially among older patients with diabetes—is still limited (9, 10). This gap is compounded by challenges such as inadequate training of nursing staff, insufficient knowledge about geriatric care competencies, and varying levels of familiarity with CGA methodologies (10, 11). Moreover, given the escalating demand for specialized nursing services driven by demographic changes, there is an urgent need to advance nurse training and adopt systematic approaches for the integration of CGA into everyday clinical practice (10, 12, 13).

In China, nurses occupy a central role in the management of diabetes among older adults, frequently serving as primary caregivers and playing a vital role in patient education and care coordination (14). Incorporating CGA into routine nursing practice promises to enhance the quality of care by identifying functional impairments, psychosocial issues, and geriatric syndromes that are frequently overlooked in standard clinical assessments (9, 10). This integration may improve care continuity, decrease the likelihood of adverse outcomes such as hospital readmissions, and strengthen the overall clinical effectiveness of diabetes management (9). Nonetheless, despite its potential, there remains a critical gap in empirical evidence assessing the fidelity of CGA implementation in routine nursing care and its associated clinical outcomes within the Chinese healthcare context.

Therefore, the current study investigated the implementation fidelity of integrating comprehensive geriatric assessment into routine nursing care for older adults with type 2 diabetes in a healthcare facility in China, and examined its association with glycemic control, cardiometabolic outcomes, functional status, and healthcare utilization. Key objectives included quantifying fidelity using validated composite scores, identifying patient- and provider-level predictors, exploring mediation pathways via functional measures, and conducting sensitivity analyses to test effect robustness. The findings aim to guide scalable models for optimizing geriatric diabetes care in clinical settings.



2 Methodology

This cross-sectional implementation research study incorporated retrospective outcome data collection to evaluate the integration of CGA into routine nursing care for older adults with type 2 diabetes mellitus. Conducted March 2021–February 2025 at Shanghai Jiading District Central Hospital in China, the investigation utilized quantitative evaluations of implementation fidelity and clinical outcomes to elucidate the association between intervention delivery quality and patient health status. Furthermore, the design addressed gaps in implementation science by identifying modifiable factors influencing CGA effectiveness in a single-center real-world setting, thereby informing strategies for optimizing geriatric diabetes care. This approach was particularly suited to examining variations in implementation quality among patients and providers, with a focus on how fidelity modulates clinical impacts in heterogeneous patient populations. Retrospective elements included 12-month reviews of healthcare utilization and adverse events, which supplemented cross-sectional assessments to provide temporal context without implying longitudinal follow-up. To minimize concerns of reverse causation, all index CGA encounters occurred ≥3 months before laboratory sampling for HbA1c and other outcomes, ensuring fidelity assessments preceded outcome ascertainment.


2.1 Setting and participants

The study was conducted at Shanghai Jiading District Central Hospital, a tertiary healthcare facility within China's tiered system. The hospital had adopted standardized CGA protocols within the prior 24 months under a national initiative, allowing assessment of implementation variations among different providers and patient populations. Participants systematically sampled using consecutive enrollment during routine visits, included adults aged ≥65 years with type 2 diabetes duration ≥6 months, regular hospital attendance, informed consent capability, and ≥1 CGA session in the past 12 months. Exclusions comprised severe cognitive impairment (mini-mental state examination < 10), terminal illness (life expectancy < 6 months), temporary residence (< 6 months), or assessment-incompatible physical limitations. The final cohort totaled 3,351 participants enrolled across four annual periods from March 2021 to February 2025. To address potential selection bias, participant demographics were examined across enrollment periods. Sample size was calculated to detect a beta coefficient of −0.40 for HbA1c (%) per 0.10-unit increase in fidelity score (SD = 1.2% for HbA1c, SD = 0.19 for fidelity), assuming 80% power, α = 0.05. For a single-center design, this yielded a requirement of approximately 400 participants; the achieved 3,351 provided substantial power for primary analyses and robust subgroup examinations. A post-hoc calculation confirmed >80% power for detecting the targeted effect size, though necessitating cautious interpretation of subgroup and mediation results with lower precision.



2.2 Implementation of comprehensive geriatric assessment

The CGA protocol, developed by geriatric and diabetes experts, spanned five domains: functional assessment (activities of daily living, instrumental activities of daily living, mobility); cognitive evaluation (memory, executive function); mood screening (depression); social circumstances (support systems, determinants of health); and diabetes-specific planning (medication, self-care, hypoglycemia risk, goals). Nurses completed assessments in 45–60 min, generating tailored care plans with standardized documentation. Nursing staff received 16-h initial training, workflow adaptation sessions, monthly supervision, and utilized electronic decision support systems. These elements ensured protocol feasibility while accommodating individual patient needs and variations in provider experience that could influence fidelity. Fidelity assessments were conducted concurrently with outcome data collection during the study period, with implementation quality evaluated based on CGA sessions occurring within the preceding 12 months to align temporally with clinical measures.



2.3 Fidelity assessment

Implementation fidelity was evaluated across five dimensions: adherence (protocol completion by nurses); dose (session frequency/duration delivered by nurses); quality of delivery (provider competency); participant responsiveness (patient engagement); and program differentiation (distinction from usual care, reverse-scored). Nurse performance was assessed through direct observations by trained research staff (20% random sample), medical record abstraction by independent reviewers, and self-report questionnaires. Patient engagement was measured via satisfaction surveys administered by research assistants and engagement metrics from CGA documentation. Program distinctiveness was evaluated through administrator interviews and comparison with standard care protocols. Evaluation targets were defined a priori: adherence, dose, and quality of delivery were assessed at the provider–encounter level; participant responsiveness at the patient level; and program differentiation at the unit level.

Test-retest reliability was established via dual coding (20% observations), yielding reliability coefficients of 0.88–0.94. Scoring used validated scales: adherence as proportion completed; dose on a 6-point scale; quality and responsiveness on 5-point scales; differentiation binary. The composite fidelity score was derived as a weighted average of standardized domain scores, with weights obtained from principal component analysis conducted on the full sample; the first principal component explained 64.8% of variance (Table 1), and weights were proportional to loadings (e.g., adherence: 0.82, dose: 0.79). To mitigate overfitting, weights were derived on a random 70% subsample and validated on the remaining 30%, with consistent loadings (differences < 0.05); additional sensitivities imposed equal weighting across domains and excluded self-reported items, confirming robustness of primary associations. This multi-method approach minimized measurement bias and captured the multidimensional nature of implementation quality, essential for discerning its impact on outcomes. Potential information bias was mitigated through triangulation of data sources and blinded dual coding.

TABLE 1  Psychometric properties of implementation fidelity measurement scalea.


	Psychometric property
	Estimate (95% CI)
	Acceptable threshold
	Result





	Reliability (n = 3,351)

 
	Internal consistency (Cronbach's α)
	0.84 (0.82–0.86)
	≥0.70
	Acceptable

 
	Internal consistency (McDonald's ω)
	0.86 (0.84–0.88)
	≥0.70
	Acceptable

 
	Test-retest reliability (n = 671)b
	0.91 (0.88–0.94)
	≥0.75
	Excellent

 
	Construct validity

 
	Kaiser–Meyer–Olkin measure
	0.79
	≥0.60
	Adequate

 
	Bartlett's test p value
	< 0.001
	< 0.05
	Significant

 
	Exploratory factor analysis (n = 1,676)c

 
	Single factor eigenvalue
	3.24
	>1.0
	Adequate

 
	Variance explained (%)
	64.8
	≥50%
	Adequate

 
	Factor loadings

 
	Adherence
	0.82
	≥0.40
	Acceptable

 
	Dose
	0.79
	≥0.40
	Acceptable

 
	Quality of delivery
	0.85
	≥0.40
	Acceptable

 
	Participant responsiveness
	0.76
	≥0.40
	Acceptable

 
	Program differentiationd
	0.74
	≥0.40
	Acceptable

 
	Confirmatory factor analysis (n = 1,675)c

 
	Chi-square/df
	12.8/5 = 2.56
	< 3.0
	Acceptable

 
	Chi-square p value
	0.025
	>0.05
	Marginal

 
	Comparative fit index (CFI)
	0.96
	≥0.95
	Excellent

 
	Tucker–Lewis Index (TLI)e
	0.93
	≥0.95
	Acceptable

 
	Root mean square error of approximation (RMSEA)
	0.067 (0.052–0.083)
	 ≤ 0.08
	Acceptable

 
	Standardized root mean square residual (SRMR)
	0.045
	 ≤ 0.08
	Excellent




a Psychometric evaluation based on implementation fidelity assessments across the study period.

b Test-retest reliability based on 20% random sample (n = 671) with 2-week interval assessments.

c Sample randomly split for EFA and CFA (≥15 observations per parameter for adequate power).

d Reverse-scored item.

e TLI slightly below ideal threshold (0.95) but acceptable given model parsimony and strong factor loadings; five-item scale demonstrates adequate fit considering sample size and theoretical coherence.





2.4 Data collection and measures

Comprehensive data collection procedures captured sociodemographic, clinical, and provider variables through structured interviews, medical record abstraction, and administrative records. Sociodemographic characteristics included age (calculated from date of birth to enrollment), sex (self-reported), educational attainment (categorized as primary school or less, middle school, or high school or higher), household income (classified as low, middle, or high relative to regional medians), and marital status (dichotomized as married or not). Clinical characteristics comprised diabetes duration (years from diagnosis to enrollment), insulin therapy (binary current use), body mass index (kg/m2 from measured height and weight), and comorbidity burden (Charlson Comorbidity Index score). Provider characteristics included primary nurse assignment, years of diabetes care experience, and CGA training completion status. Temporal variables included enrollment period (annual periods from March 2021 to February 2025). The primary outcome, glycated hemoglobin (HbA1c, %), was quantified using standardized assays on venous blood samples collected within 3 months of CGA. Secondary cardiometabolic outcomes included systolic/diastolic blood pressure (mmHg, averaged from three readings), low-density lipoprotein cholesterol (mg/dl), body mass index, and fasting glucose (mg/dl). Patient-centered outcomes encompassed EuroQol-5D-5L index (0–1), Activities of Daily Living (0–6) and Instrumental Activities of Daily Living (0–8) scores, Mini-Mental State Examination (0–30), Geriatric Depression Scale (0–15, lower better), and gait speed (m/s). Healthcare utilization outcomes were rates per 100 person-years from 12-month retrospective administrative and patient-reported data, while hypoglycemic events were binary indicators of episodes requiring assistance. Diet adherence was scored 0–1 using a validated scale. These measurements ensured comprehensive capture, with standardized protocols and addressing potential recall bias through record verification.



2.5 Statistical analysis

Descriptive analyses characterized participant features, fidelity patterns, and outcomes using means with standard deviations or medians with interquartile ranges for continuous variables, and frequencies with percentages for categorical variables; comparisons employed t-tests, Mann–Whitney U tests, or chi-square tests. Fidelity variation was quantified using descriptive statistics and correlation analyses among patient and provider characteristics. Primary outcome analyses utilized linear regression models to examine HbA1c-fidelity associations, reporting beta coefficients per 0.10-unit fidelity increase under progressive adjustment (unadjusted; age/sex; full model including diabetes duration, insulin use, body mass index, Charlson index, provider experience, training status, and enrollment period). Fully adjusted models included clinical covariates (diabetes duration, insulin therapy, BMI, and Charlson index), sociodemographic covariates (age, sex, education, income, and marital status), provider covariates (nurse experience, CGA training), and temporal covariates (enrollment period). Non-linearity was assessed with restricted cubic splines (knots at 10th, 50th, and 90th percentiles), and dose-response via fidelity quartiles. Models used robust standard errors to account for potential heteroscedasticity; R2 values quantified variance explained by fidelity.

Secondary analyses applied regression models tailored to outcome types (linear for continuous, logistic for binary, negative binomial for counts with person-year offsets), using Benjamini–Hochberg adjustments for multiple comparisons. Exploratory mediation analysis via functional status employed parametric g-computation with 1,000 bootstraps; effect modifications tested interactions for pre-specified subgroups (age, gait speed, diabetes duration, and comorbidity). Sensitivities included complete-case analyses, outlier exclusions, instrumental variable estimation (using training completion status), and alternative outcome/exposure definitions. Instrument validity was supported by a falsification test showing null associations with an unrelated outcome (e.g., serum albumin levels, p = 0.45). Missing data were addressed using multiple imputation by chained equations (MICE) with m = 5 completed datasets, followed by Rubin's rules. The choice of m was specified as a priori because the fraction of missing information was limited and convergence diagnostics indicated stable between-imputation variance; therefore, increasing m would be expected to provide diminishing gains in precision without altering point estimates. As the number of imputations chiefly affects Monte Carlo error rather than bias under a congenial imputation model, m = 5 was considered adequate for the present analysis. Diagnostics verified assumptions through residual plots, Shapiro–Wilk tests, Breusch–Pagan tests, and variance inflation factors (< 2.5). Analyses were conducted in R 4.3.0 (packages: stats, MASS, mediation, splines, and mice), ensuring robust inference while accounting for potential biases.



2.6 Psychometric evaluation

The fidelity scale underwent psychometric evaluation for reliability (Cronbach's α = 0.84, McDonald's ω = 0.86, test-retest reliability = 0.91) and validity (exploratory factor analysis: single factor eigenvalue = 3.24, 64.8% variance; confirmatory factor analysis: comparative fit index = 0.96, root mean square error of approximation = 0.067). These assessments confirmed the scale's soundness, supporting fidelity-based inferences in geriatric diabetes implementation research.




3 Results


3.1 Participant characteristics and study enrollment

Between March 2021 and February 2025, a total of 3,351 older adults with type 2 diabetes were enrolled at Shanghai Jiading District Central Hospital. The mean age of participants was 73.2 years (SD 6.8), with 52.0% being female; participants had predominantly completed primary school or less education (53.4%), with low household income reported by 60.7% of participants (Table 2). Clinical characteristics included a mean diabetes duration of 9.8 years (SD 7.2), insulin therapy in 40.0%, mean body mass index of 24.8 kg/m2 (SD 3.6), and mean Charlson Comorbidity Index of 1.8 (SD 1.9). Provider characteristics showed that the primary nurses had a mean diabetes care experience of 8.4 years (SD 4.2), with 94.2% having completed CGA training. Participant enrollment was distributed across four annual periods: 823 (24.6%) enrolled March 2021–February 2022, 867 (25.9%) March 2022–February 2023, 891 (26.6%) March 2023–February 2024, and 770 (23.0%) March 2024–February 2025.

TABLE 2  Sociodemographic and clinical profile of the study cohort.


	Characteristic
	Overall (N = 3,351)





	Sociodemographic characteristics

 
	Age, mean (SD), y
	73.2 (6.8)

 
	Female sex, No. (%)
	1,743 (52.0)

 
	Educational attainment, No. (%)

 
	Primary school or less
	1,790 (53.4)

 
	Middle school
	1,052 (31.4)

 
	High school or higher
	509 (15.2)

 
	Household income, No. (%)

 
	Low
	2,032 (60.7)

 
	Middle
	991 (29.6)

 
	High
	328 (9.8)

 
	Married, No. (%)
	2,387 (71.2)

 
	Clinical characteristics

 
	Diabetes duration, mean (SD), y
	9.8 (7.2)

 
	Insulin therapy, No. (%)
	1,341 (40.0)

 
	BMI, mean (SD), kg/m2
	24.8 (3.6)

 
	Charlson Comorbidity Index, mean (SD)
	1.8 (1.9)

 
	Provider characteristics

 
	Primary nurse diabetes experience, mean (SD), y
	8.4 (4.2)

 
	CGA training completed, No. (%)
	3,156 (94.2)

 
	Enrollment period, No. (%)

 
	March 2021–February 2022
	823 (24.6)

 
	March 2022–February 2023
	867 (25.9)

 
	March 2023–February 2024
	891 (26.6)

 
	March 2024–February 2025
	770 (23.0)




BMI, body mass index; CGA, comprehensive geriatric assessment.



Baseline characteristics were generally balanced across fidelity quartiles for clinical factors (age, sex, diabetes duration, insulin use, BMI, and comorbidity; all p > 0.05) but differed significantly for socioeconomic factors. Higher fidelity quartiles had greater educational attainment (high school education: 9.5% Q1 vs. 19.9% Q4; p < 0.001) and income (p < 0.001). Provider characteristics also differed, with higher fidelity associated with more experienced nurses (7.8 vs. 9.0 years; p < 0.001) and training completion (90.9 vs. 96.1%; p < 0.001). These differences suggest fidelity achievement was influenced by patient engagement capacity and provider preparedness, supporting our multivariable adjustment strategy (Supplementary Table S1).



3.2 Implementation of fidelity assessment and facility variation

Implementation of fidelity demonstrated variation among patients and providers, with the composite score averaging 0.64 (SD 0.19) and a range of 0.28–0.94 (Table 3). Individual components varied substantially, notably in program differentiation (mean 0.4, SD 0.5; skewness 0.42), while adherence and quality of delivery showed more consistent implementation with negative skewness (−0.18 and −0.31, respectively). Provider-level variation in implementation quality was evident, as illustrated by the distribution of fidelity scores across different nursing staff within the hospital (Figure 1A). The distribution of fidelity scores was slightly left-skewed, with a mean of 0.64 (SD 0.19), skewness of −0.12, and Shapiro–Wilk p < 0.001 (Figure 1B).

TABLE 3  Implementation of fidelity components and composite score.


	Fidelity component
	Overall mean (SD)
	Range
	Skewness





	Individual components

 
	Adherence
	0.68 (0.15)
	0.32–0.95
	−0.18

 
	Dose
	4.8 (1.3)
	2.0–6.0
	−0.24

 
	Quality of delivery
	4.2 (0.9)
	2.1–5.0
	−0.31

 
	Participant responsiveness
	3.8 (1.1)
	1.5–5.0
	−0.15

 
	Program differentiationd
	0.4 (0.5)
	0.0–1.0
	0.42

 
	Composite fidelity score
	0.64 (0.19)
	0.28–0.94
	−0.12




a Reverse-scored (lower values indicate better fidelity).
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FIGURE 1
 (A) Provider-level variation in implementation fidelity within Shanghai Jiading District Central Hospital (n = 3,351), ranked from lowest to highest fidelity performance. Horizontal bars indicate 95% confidence intervals; color gradient denotes performance (red: low; blue: high). Single-center study design with provider-level variation analysis. (B) Histogram of composite fidelity scores with kernel density estimate (black line) and quartile markers. Left-skewed distribution (skewness = −0.12, Shapiro–Wilk p < 0.001); mean = 0.64 (SD 0.19); range = 0.28–0.94; quartiles marked (Q1, median, Q3). (C) Scatter plot of fidelity vs. adjusted HbA1c (%), with linear regression line (red) and 95% confidence band (pink). Adjusted for covariates; β = −0.38 (95% CI −0.47 to −0.29; p < 0.001); R2 = 0.18. (D) Restricted cubic spline of fidelity–HbA1c relationship (red line; 95% confidence intervals dashed), knots at 10th, 50th, and 90th percentiles. Linear component β = −0.35 (95% CI −0.45 to −0.25; p < 0.001); non-linear β = 0.08 (95% CI −0.03 to 0.19; p = 0.15); p for non-linearity = 0.15; blue line shows linear fit.


Psychometric evaluation confirmed robust measurement properties of the fidelity scale, with excellent reliability (Cronbach's α = 0.84, 95% CI 0.82–0.86; McDonald's ω = 0.86, 95% CI 0.84–0.88) and test-retest reliability (0.91, 95% CI 0.88–0.94; Table 1). Construct validity was supported through exploratory factor analysis, with a single factor explaining 64.8% of variance and all factor loadings exceeding 0.74. Confirmatory factor analysis demonstrated acceptable fit indices (comparative fit index 0.96; Tucker–Lewis index 0.93; root mean square error of approximation 0.067, 95% CI 0.052–0.083; standardized root mean square residual 0.045). These assessments confirmed the scale's soundness for implementation research in the single-center setting.



3.3 Primary outcome: association between implementation fidelity and glycemic control

Higher implementation fidelity was associated with more favorable glycemic control, as evidenced by a fully adjusted β coefficient of −0.38 (95% CI −0.47 to −0.29; p < 0.001) for difference in HbA1c (%) per 0.10-unit higher fidelity score (Table 4, Figure 1C). This association persisted after age and sex adjustment (β −0.41, 95% CI −0.50 to −0.32; p < 0.001), with an R2 of 0.18 in the full model indicating that the model explained 18% of the variance in glycemic control. Restricted cubic spline analysis indicated a predominantly linear relationship (non-linear component β 0.08, 95% CI −0.03 to 0.19; p for non-linearity = 0.15; Figure 1D), supporting the use of linear modeling approaches.

TABLE 4  Association of implementation fidelity with glycemic control (primary outcome)a.


	Model
	β coefficient (95% CI)b
	p value
	R2
	Adjusted mean HbA1c (95% CI)c





	Primary analysis

 
	Unadjusted
	−0.42 (−0.51 to −0.33)
	< 0.001
	0.06
	–

 
	Age and sex adjusted
	−0.41 (−0.50 to −0.32)
	< 0.001
	0.09
	–

 
	Fully adjustedd
	−0.38 (−0.47 to −0.29)
	< 0.001
	0.18
	–

 
	Spline analysise

 
	Linear component
	−0.35 (−0.45 to −0.25)
	< 0.001
	0.19
	–

 
	Non-linear component
	0.08 (−0.03 to 0.19)
	0.15
	
	–

 
	p for non-linearity
	
	0.15
	
	–

 
	By fidelity quartilesd

 
	Q1 (lowest fidelity)
	Reference
	
	
	7.89 (7.78–8.00)

 
	Q2
	−0.28 (−0.41 to −0.15)
	< 0.001
	
	7.61 (7.50–7.72)

 
	Q3
	−0.51 (−0.64 to −0.38)
	< 0.001
	
	7.38 (7.27–7.49)

 
	Q4 (highest fidelity)
	−0.73 (−0.87 to −0.59)
	< 0.001
	
	7.16 (7.04–7.28)

 
	p for trend
	
	< 0.001
	
	–




a All models use linear regression with robust standard errors (3,351 participants).

b β coefficient represents difference in HbA1c (%) per 0.10-unit increase in fidelity score.

c Marginal means from fully adjusted model at mean values of all covariates.

d Adjusted for age, sex, diabetes duration, insulin therapy, BMI, Charlson Comorbidity Index, provider experience, training status, and enrollment period.

e Restricted cubic spline with knots at 10th, 50th, and 90th percentiles.



Quartile-based analysis revealed a clear dose-response pattern, with adjusted mean HbA1c decreasing progressively from 7.89% (95% CI 7.78–8.00) in the lowest fidelity quartile to 7.16% (95% CI 7.04–7.28) in the highest quartile (p for trend < 0.001). This 0.73 percentage point difference represents a clinically meaningful difference in glycemic control, comparable in magnitude to differences often observed with initiation of an additional diabetes medication. The dose-response relationship was evident across all quartiles: Q2 showed a −0.28% difference (95% CI −0.41 to −0.15; p < 0.001) and Q3 showed a −0.51% difference (95% CI −0.64 to −0.38; p < 0.001) compared to Q1. These findings suggest that implementation quality substantially contributes to variance in glycemic outcomes among older adults with diabetes within the single-center setting.



3.4 Secondary cardiometabolic and patient-centered outcomes

Secondary cardiometabolic and patient-centered outcomes demonstrated consistent improvements across escalating fidelity quartiles, with clinically significant adjusted differences between the highest vs. lowest quartiles (Table 5). Cardiometabolic benefits included systolic blood pressure reductions of −5.10 mm Hg (95% CI −7.20 to −3.00; p < 0.001, q < 0.001 after false discovery rate correction) and low-density lipoprotein cholesterol decreases of −6.50 mg/dl (95% CI −9.10 to −3.90; p < 0.001, q < 0.001). Additionally, fasting glucose showed substantial improvements (−18.90 mg/dl, 95% CI −24.10 to −13.70; p < 0.001, q < 0.001), while body mass index decreased modestly (−0.40 kg/m2, 95% CI −0.70 to −0.10; p = 0.008, q = 0.02). These cardiometabolic improvements align with the magnitude typically observed with intensive lifestyle interventions or optimal medication management.

TABLE 5  Secondary cardiometabolic and patient-centered outcomes by implementation fidelity quartilesa.


	Outcome, units, mean (SD)
	Q1 (n = 838)
	Q2 (n = 838)
	Q3 (n = 837)
	Q4 (n = 838)
	Adjusted β difference Q4 vs. Q1 (95% CI)b
	p value
	q valuec





	Cardiometabolic outcomes

 
	Systolic BP, mm Hg
	142.8 (18.5)
	141.2 (17.9)
	139.6 (18.1)
	137.4 (17.2)
	−5.10 (−7.20 to −3.00)
	< 0.001
	< 0.001

 
	Diastolic BP, mm Hg
	85.6 (10.8)
	84.9 (10.5)
	84.1 (10.3)
	83.2 (9.8)
	−2.20 (−3.10 to −1.30)
	< 0.001
	< 0.001

 
	LDL cholesterol, mg/dl
	108.7 (28.4)
	106.2 (27.8)
	104.1 (26.9)
	101.8 (25.7)
	−6.50 (−9.10 to −3.90)
	< 0.001
	< 0.001

 
	BMI, kg/m2
	25.1 (3.8)
	24.8 (3.6)
	24.7 (3.5)
	24.6 (3.4)
	−0.40 (−0.70 to −0.10)
	0.008
	0.02

 
	Fasting glucose, mg/dl
	218.4 (52.1)
	210.8 (49.7)
	205.2 (47.3)
	198.6 (44.8)
	−18.90 (−24.10 to −13.70)
	< 0.001
	< 0.001

 
	Patient-centered outcomes

 
	EQ-5D index, unitless
	0.687 (0.142)
	0.712 (0.138)
	0.728 (0.134)
	0.751 (0.129)
	0.061 (0.041 to 0.081)
	< 0.001
	< 0.001

 
	ADL score, points
	4.12 (1.85)
	4.31 (1.79)
	4.48 (1.74)
	4.72 (1.68)
	0.58 (0.39 to 0.77)
	< 0.001
	< 0.001

 
	IADL score, points
	5.24 (1.67)
	5.41 (1.62)
	5.56 (1.58)
	5.78 (1.51)
	0.52 (0.35 to 0.69)
	< 0.001
	< 0.001

 
	MMSE score, points
	26.8 (3.4)
	27.2 (3.2)
	27.5 (3.1)
	28.1 (2.9)
	1.20 (0.80 to 1.60)
	< 0.001
	< 0.001

 
	GDS score, pointsd
	6.8 (2.9)
	6.4 (2.8)
	6.1 (2.7)
	5.6 (2.5)
	−1.10 (−1.40 to −0.80)
	< 0.001
	< 0.001




a All models use linear regression with robust standard errors.

b β coefficients represent marginal mean differences from regression models.

c q values after Benjamini–Hochberg false discovery rate correction for 10 multiple comparisons.

d Lower scores indicate better mental health (reverse-coded for consistency).

e BP, blood pressure; LDL, low-density lipoprotein; BMI, body mass index; EQ-5D, EuroQol five-dimension questionnaire; ADL, activities of daily living; IADL, instrumental activities of daily living; MMSE, Mini-Mental State Examination; GDS, Geriatric Depression Scale.



Patient-centered outcomes showed substantial improvements across multiple domains. Quality of life as measured by the EuroQol-5D index increased by 0.061 points (95% CI 0.041–0.081; p < 0.001, q < 0.001), representing a clinically meaningful change exceeding the minimal important difference of 0.05. Functional independence improved significantly, with activities of daily living scores increasing by 0.58 points (95% CI 0.39–0.77; p < 0.001, q < 0.001) and instrumental activities of daily living scores by 0.52 points (95% CI 0.35–0.69; p < 0.001, q < 0.001). Cognitive performance on the Mini-Mental State Examination improved by 1.20 points (95% CI 0.80–1.60; p < 0.001, q < 0.001), while depressive symptoms decreased as indicated by lower Geriatric Depression Scale scores (reduction of −1.10, 95% CI −1.40 to −0.80; p < 0.001, q < 0.001). These associations, robust to multiple comparisons, underscore the broader clinical relevance of implementation fidelity in geriatric diabetes management.



3.5 Healthcare utilization and safety outcomes

Healthcare utilization rates were lower at higher levels of implementation fidelity, as quantified by negative binomial regression models (Table 6). Annual hospitalization rates per 100 person-years fell dramatically from 38.7 in the lowest fidelity quartile to 23.6 in the highest, yielding an incidence rate ratio of 0.61 (95% CI 0.51–0.73; p < 0.001), representing a 39% reduction in hospitalization risk. Similarly, emergency department visits showed a 35% reduction (incidence rate ratio 0.65, 95% CI 0.56–0.76; p < 0.001), and combined acute care events decreased by 37% (incidence rate ratio 0.63, 95% CI 0.56–0.71; p < 0.001). Dose-response visualization confirmed a graded decline across fidelity quartiles (Figure 2C), with model diagnostics supporting negative binomial specification over Poisson modeling (likelihood ratio test: χ2 = 847.3, p < 0.001; dispersion parameter θ = 1.84).

TABLE 6  Healthcare utilization by implementation fidelity levela.


	Utilization outcome
	Q1 (n = 838)
	Q2 (n = 838)
	Q3 (n = 837)
	Q4 (n = 838)
	IRR Q4 vs. Q1 (95% CI)b
	p value





	Annual hospitalizations

 
	Events/person-years
	324/838
	278/838
	241/837
	198/838
	
	

 
	Rate per 100 person-years
	38.7
	33.2
	28.8
	23.6
	0.61 (0.51–0.73)
	< 0.001

 
	Emergency department visits

 
	Events/person-years
	412/838
	367/838
	329/837
	268/838
	
	

 
	Rate per 100 person-years
	49.2
	43.8
	39.3
	32.0
	0.65 (0.56–0.76)
	< 0.001

 
	Combined acute care events

 
	Events/person-years
	736/838
	645/838
	570/837
	466/838
	
	

 
	Rate per 100 person-years
	87.9
	77.0
	68.1
	55.6
	0.63 (0.56–0.71)
	< 0.001




a Model diagnostics: Likelihood-ratio test vs. Poisson: χ2 = 847.3, p < 0.001 (supporting negative binomial); Dispersion parameter θ = 1.84.

b Incidence rate ratios from negative binomial regression models with robust standard errors and offset = log(person-years of follow-up). Adjustment variables as specified in Statistical Methods Note.

c IRR, incidence rate ratio.
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FIGURE 2
 Age-stratified mediation and dose-response of implementation fidelity effects. (A) Mediation diagram from fidelity to HbA1c via ADL/IADL composite. Paths: a (β = 0.52, 95% CI 0.38–0.66; p < 0.001); b (β = −0.23, 95% CI −0.31 to −0.15; p < 0.001); direct (β = −0.26, 95% CI −0.34 to −0.18; p < 0.001); total (β = −0.38, 95% CI −0.47 to −0.29; p < 0.001). G-computation with 1,000 bootstraps. (B) Bar chart decomposing the fidelity–HbA1c association: total association (−0.38, 95% CI −0.47 to −0.29); direct association (−0.26, 95% CI −0.34 to −0.18); indirect association (−0.12, 95% CI −0.17 to −0.07); proportion mediated = 31.6% (p < 0.001). Colors: red (total), blue (direct), orange (indirect). (C) Line plot of hospitalization rates per 100 person-years by fidelity quartiles (error bars: 95% confidence intervals). Decline from 38.7 (Q1) to 23.6 (Q4); incidence rate ratio = 0.61 (95% CI 0.51–0.73; p < 0.001); adjusted for covariates using negative binomial regression; trend p < 0.001. (D) Marginal effects plot of HbA1c across fidelity scores, stratified by age (blue: 65–74 years, n = 1,823; orange: ≥75 years, n = 1,528). Slopes: −0.44 (95% CI −0.56 to −0.32) vs. −0.31 (95% CI −0.44 to −0.18); p for interaction = 0.04; shaded bands: 95% confidence intervals.


Safety analysis revealed that higher fidelity implementation was associated with reduced risk of adverse events. Analysis of predictors of unplanned hypoglycemic events showed that each 0.10-unit higher fidelity score was associated with 22% lower odds of hypoglycemic events (adjusted odds ratio 0.78, 95% CI 0.72–0.84; p < 0.001; Table 7). This protective effect was independent of established risk factors, including insulin therapy (odds ratio 2.84, 95% CI 2.41–3.35; p < 0.001), diabetes duration (odds ratio 1.03 per year, 95% CI 1.01–1.05; p = 0.001), and comorbidity burden (odds ratio 1.12 per point, 95% CI 1.06–1.18; p < 0.001). Provider factors also influenced hypoglycemic risk, with greater nurse diabetes experience associated with reduced events (odds ratio 0.96 per year, 95% CI 0.93–0.99; p = 0.02). The model demonstrated good discrimination (C-statistic 0.73, 95% CI 0.71–0.75) and calibration (Hosmer–Lemeshow χ2 = 11.4, p = 0.18), with an R2 of 0.22.

TABLE 7  Predictors of unplanned hypoglycemic eventsa.


	Variable
	Adjusted OR (95% CI)b
	p value
	VIFc





	Implementation factors

 
	Fidelity score (per 0.10 increase)
	0.78 (0.72–0.84)
	< 0.001
	1.12

 
	Clinical factors

 
	Age (per year)
	1.02 (1.00–1.04)
	0.03
	1.08

 
	Female sex (ref: Male)
	0.92 (0.79–1.07)
	0.27
	1.03

 
	Insulin therapy (ref: No insulin)
	2.84 (2.41–3.35)
	< 0.001
	1.15

 
	Diabetes duration (per year)
	1.03 (1.01–1.05)
	0.001
	1.07

 
	BMI (per kg/m2)
	0.97 (0.94–1.00)
	0.06
	1.05

 
	Diet adherence (per 0.10 increase)
	0.85 (0.78–0.92)
	< 0.001
	1.09

 
	Charlson Comorbidity Index (per point)
	1.12 (1.06–1.18)
	< 0.001
	1.11

 
	Provider factors

 
	Nurse diabetes experience (per year)
	0.96 (0.93–0.99)
	0.02
	1.14

 
	CGA training completed
	0.82 (0.64–1.05)
	0.12
	1.08

 
	Enrollment period factors

 
	March 2022–February 2023 (ref: March 2021–February 2022)
	0.94 (0.78–1.13)
	0.51
	1.06

 
	March 2023–February 2024 (ref: March 2021–February 2022)
	0.89 (0.74–1.08)
	0.24
	1.07

 
	March 2024–February 2025 (ref: March 2021–February 2022)
	0.91 (0.75–1.10)
	0.33
	1.05




a Model performance: C-statistic = 0.73 (0.71–0.75); Hosmer-Lemeshow χ2 = 11.4, p = 0.18; R2 = 0.22.

b Logistic regression with robust standard errors (3,351 participants). All variables included simultaneously (mutually adjusted).

c OR, odds ratio.

d VIF, variance inflation factor; all values < 2.5 indicate absence of problematic multicollinearity.

e BMI, body mass index.





3.6 Effect modification and mediation analyses

Effect modification analyses revealed clinically important heterogeneity in fidelity's association with glycemic control, particularly by age and gait speed (Table 8; Figure 2D). The association was significantly stronger in participants aged 65–74 years (β −0.44, 95% CI −0.56 to −0.32; p < 0.001) than those ≥75 years (β −0.31, 95% CI −0.44 to −0.18; p < 0.001; p for interaction = 0.04), suggesting that younger seniors may derive greater benefit from high-fidelity CGA implementation. Similarly, preserved gait speed (≥0.8 m/s) enhanced the effect (β −0.46, 95% CI −0.58 to −0.34; p < 0.001) compared with slower gait (β −0.29, 95% CI −0.42 to −0.16; p < 0.001; p for interaction = 0.02), indicating that less frail patients respond more favorably to the intervention. In contrast, diabetes duration and comorbidity burden showed non-significant interactions (p = 0.12 and 0.08, respectively), suggesting that the fidelity-outcome relationship was consistent across these clinical characteristics.

TABLE 8  Effect modification of implementation fidelity's impact on glycemic controla.


	Subgroup
	n (Median fidelity)
	Fidelity effect β (95% CI)b
	p value
	p for interaction





	Age group

 
	65–74 years
	1,823 (0.63)
	−0.44 (−0.56 to −0.32)
	< 0.001
	0.04

 
	≥75 years
	1,528 (0.65)
	−0.31 (−0.44 to −0.18)
	< 0.001
	

 
	Gait speed category

 
	< 0.8 m/s
	1,421 (0.62)
	−0.29 (−0.42 to −0.16)
	< 0.001
	0.02

 
	≥0.8 m/s
	1,930 (0.66)
	−0.46 (−0.58 to −0.34)
	< 0.001
	

 
	Diabetes duration

 
	< 10 years
	1,789 (0.64)
	−0.41 (−0.53 to −0.29)
	< 0.001
	0.12

 
	≥10 years
	1,562 (0.64)
	−0.34 (−0.47 to −0.21)
	< 0.001
	

 
	Comorbidity burden

 
	CCI 0–1
	1,967 (0.65)
	−0.43 (−0.54 to −0.32)
	< 0.001
	0.08

 
	CCI ≥2
	1,384 (0.63)
	−0.31 (−0.45 to −0.17)
	< 0.001
	




a Models use linear regression with interaction terms and robust standard errors. Adjustment variables as specified in Statistical Methods Note.

b β coefficient represents change in HbA1c (%) per 0.10-unit increase in fidelity score.

c CCI, Charlson Comorbidity Index.



Mediation analysis suggested that differences in functional status accounted for an estimated 31.6% of the total association between fidelity and HbA1c (Table 9; Figures 2A, B). The estimated natural indirect association through functional status was −0.12 (95% CI −0.17 to −0.07; p < 0.001), while the remaining association was attributable to direct pathways (estimated natural direct association β −0.26, 95% CI −0.34 to −0.18; p < 0.001). The mediation pathway was statistically significant, with higher fidelity associated with better functional status (path coefficient 0.52, 95% CI 0.38–0.66; p < 0.001) and better functional status associated with lower HbA1c (path coefficient −0.23, 95% CI −0.31 to −0.15; p < 0.001). This mediation effect remained robust to sensitivity analysis for unmeasured confounding (assuming correlation ρ = 0.20, indirect effect −0.09, 95% CI −0.14 to −0.04), indicating that functional improvements represent a key mechanism through which high-fidelity CGA implementation benefits glycemic control.

TABLE 9  Mediation analysis: estimated indirect association of fidelity with HbA1c through functional statusa.


	Effect type
	Effect estimate (95% CI)b
	p value
	Proportion mediated (%)





	Total effect
	−0.38 (−0.47 to −0.29)
	< 0.001
	100.0

 
	Natural direct effect
	−0.26 (−0.34 to −0.18)
	< 0.001
	68.4

 
	Natural indirect effects (via ADL/IADL)
	−0.12 (−0.17 to −0.07)
	< 0.001
	31.6

 
	Component pathways

 
	Fidelity → ADL/IADL composite (path a)
	0.52 (0.38–0.66)
	< 0.001
	

 
	ADL/IADL composite → HbA1c (path b)c
	−0.23 (−0.31 to −0.15)
	< 0.001
	




a Sensitivity analysis: Assuming unmeasured mediator-outcome confounding with correlation ρ = 0.20, indirect effect remains significant (β = −0.09, 95% CI: −0.14 to −0.04).

b Parametric g-computation with 1,000 bootstrap replications; estimates represent natural direct and indirect associations under model assumptions.

c Effects estimated using bias-corrected and accelerated (BCa) 95% confidence intervals. β coefficients represent change in HbA1c (%) per 0.10-unit increase in fidelity score.

d Adjusted for fidelity score and standard covariates.

e ADL, activities of daily living; IADL, instrumental activities of daily living.





3.7 Sensitivity analyses and determinants of implementation fidelity

Comprehensive sensitivity analyses affirmed the robustness of primary associations across multiple analytical approaches (Table 10). Complete-case analysis excluding participants with missing covariate data yielded similar results (β −0.36, 95% CI −0.46 to −0.26; p < 0.001; −5.3% change from primary analysis). Excluding outliers (participants with extreme residuals or leverage) strengthened the association (β −0.40, 95% CI −0.49 to −0.31; p < 0.001; +5.3% change), suggesting that the relationship was not driven by extreme observations. Instrumental variable estimation using CGA training completion status as an instrument provided comparable estimates (β −0.41, 95% CI −0.54 to −0.28; p < 0.001; +7.9% change), consistent with robustness of the association but not establishing causality.

TABLE 10  Sensitivity analyses for robustness of primary associationa.


	Analysis
	β coefficient (95% CI)b
	p value
	% Change from primaryc
	Model fit





	Primary modeld
	−0.38 (−0.47 to −0.29)
	< 0.001
	Reference
	R2 = 0.18

 
	Sensitivity analyses

 
	Complete case analysis (n = 3,127)d
	−0.36 (−0.46 to −0.26)
	< 0.001
	−5.30%
	R2 = 0.17

 
	Excluding outliers (n = 3,184)e
	−0.40 (−0.49 to −0.31)
	< 0.001
	5.30%
	R2 = 0.19

 
	Instrumental variable (training completion)f
	−0.41 (−0.54 to −0.28)
	< 0.001
	7.90%
	R2 = 0.16

 
	Alternative outcome definitions

 
	HbA1c ≥7% (binary outcome)g
	0.72 (0.64–0.81)
	< 0.001
	N/A
	R2 = 0.14

 
	HbA1c ≥8% (binary outcome)g
	0.68 (0.59–0.78)
	< 0.001
	N/A
	R2 = 0.12

 
	Alternative exposure definitions

 
	Fidelity as quartilesh
	−0.24 (−0.29 to −0.19)
	< 0.001
	−36.80%
	R2 = 0.16

 
	Binary high fidelity (≥75th percentile)i
	−0.45 (−0.58 to −0.32)
	< 0.001
	18.40%
	R2 = 0.15




a All models use linear regression with robust standard errors.

b β coefficient represents change in HbA1c (%) per 0.10-unit increase in fidelity score unless otherwise noted.

c Percent change in effect size compared to primary fully adjusted model.

d Adjusted for age, sex, diabetes duration, insulin therapy, BMI, Charlson Comorbidity Index, provider experience, training status, and enrollment period.

e Participants with studentized residuals >3 or leverage >3 times the mean excluded.

f Using training completion status as instrumental variable, adjusted for same covariates as primary model.

g Odds ratios (95% CI) from logistic regression adjusted for same covariates as primary model.

h Effect per quartile increase, adjusted for same covariates as primary model.

i Effect of high vs. low fidelity, adjusted for same covariates as primary model.



Alternative outcome definitions demonstrated consistency across different operationalizations of glycemic control. Binary HbA1c thresholds yielded significant odds ratios for both ≥7% (0.72, 95% CI 0.64–0.81; p < 0.001) and ≥8% (0.68, 95% CI 0.59–0.78; p < 0.001) thresholds. Alternative exposure definitions, including quartile-based categorization (β −0.24 per quartile, 95% CI −0.29 to −0.19; p < 0.001) and binary high fidelity indicators (β −0.45, 95% CI −0.58 to −0.32; p < 0.001), confirmed the robustness of findings across different analytical specifications.

Analysis of determinants of higher implementation fidelity identified several factors associated with modifiable patient and provider factors (Table 11). Among patient-level factors, higher educational attainment emerged as a significant predictor, with high school or higher education associated with better fidelity compared to primary school or less (β 0.067, 95% CI 0.041–0.093; p < 0.001; standardized β = 0.18). Middle and high household income levels were also associated with improved fidelity (β 0.028 and 0.045, respectively; both p < 0.01). Provider-level factors showed strong associations, with nurse diabetes experience being the strongest predictor (β 0.045 per year, 95% CI 0.028–0.062; p < 0.001; standardized β = 0.22), followed by CGA training completion (β 0.078, 95% CI 0.048–0.108; p < 0.001; standardized β = 0.19). Temporal trends showed improving fidelity over the study period, with the March 2024–February 2025 enrollment period achieving significantly higher fidelity than the initial period (β 0.041, 95% CI 0.021–0.061; p < 0.001). The model explained 28% of variance in fidelity scores (R2 = 0.28), suggesting that targeted interventions focusing on education, provider training, and experience could enhance implementation quality and, consequently, clinical outcomes in geriatric diabetes care.

TABLE 11  Determinants of higher implementation fidelitya.


	Variableb
	β coefficient (95% CI)c
	p value
	Standardized β
	VIFd





	Patient-level factors

 
	Age (per year, centered at 73.2)
	0.003 (−0.001 to 0.007)
	0.18
	0.05
	1.08

 
	Female sex (ref: Male)
	0.012 (−0.008 to 0.032)
	0.24
	0.04
	1.06

 
	Educational attainment (ref: Primary school or less)

 
	Middle school
	0.034 (0.012 to 0.056)
	0.003
	0.12
	1.15

 
	High school or higher
	0.067 (0.041 to 0.093)
	< 0.001
	0.18
	1.22

 
	Income level (ref: Low)

 
	Middle income
	0.028 (0.008 to 0.048)
	0.007
	0.09
	1.18

 
	High income
	0.045 (0.015 to 0.075)
	0.003
	0.11
	1.24

 
	Diabetes duration (per year, centered at 9.8)
	−0.002 (−0.006 to 0.002)
	0.28
	−0.04
	1.11

 
	Insulin therapy
	0.023 (0.005 to 0.041)
	0.01
	0.08
	1.13

 
	Provider-level factors

 
	Nurse diabetes experience (per year)
	0.045 (0.028 to 0.062)
	< 0.001
	0.22
	1.19

 
	CGA training completed
	0.078 (0.048 to 0.108)
	< 0.001
	0.19
	1.16

 
	Temporal factors

 
	Enrollment period (ref: March 2021–February 2022)

 
	March 2022–February 2023
	0.015 (−0.005 to 0.035)
	0.14
	0.05
	1.08

 
	March 2023–February 2024
	0.032 (0.012 to 0.052)
	0.002
	0.1
	1.09

 
	March 2024–February 2025
	0.041 (0.021 to 0.061)
	< 0.001
	0.13
	1.11




a Model performance: R2 = 0.28; Adjusted R2 = 0.26.

b Linear regression model with robust standard errors. Sample: 3,351 participants.

c All continuous predictors grand-mean centered to aid interpretation of intercept and reduce multicollinearity.

d β coefficients represent change in fidelity score per unit change in predictor.

e VIF, variance inflation factor; all values < 2.0 indicate absence of problematic multicollinearity.

f EDS, electronic decision support; CGA, comprehensive geriatric assessment.






4 Discussion

The present study addresses a critical gap in integrated chronic care models for aging populations by evaluating the integration of CGA into routine nursing care for older adults with type 2 diabetes, with a focus on implementation fidelity and clinical impact. The urgency of this research is underscored by the escalating global burden of diabetes among older adults, with recent analyses demonstrating that diabetes prevalence has increased from 7% in 1990 to 14% in 2022 among adults worldwide (15, 16), while adults aged 65 years and older represent the highest-risk population with prevalence rates exceeding 29% (17, 18). The enrollment of 3,351 participants from a single tertiary care institution over a 4-year period enhances the internal validity and provides robust evidence for implementation effectiveness within a controlled healthcare environment (19). Implementation of fidelity assessment has emerged as a fundamental requirement for understanding how and why complex healthcare interventions succeed or fail in real-world settings, yet systematic fidelity evaluation remains uncommon in healthcare implementation research (20, 21, 31, 32). Notably, the systematic assessment of fidelity to this multicomponent intervention elucidates its real-world utility, emphasizing the necessity of standardized processes to optimize nurse-led chronic disease management (19, 22). While nurse-led interventions have demonstrated efficacy in diabetes management, evidence specifically examining CGA implementation by nurses in geriatric diabetes care remains limited, despite growing recognition of nurses' pivotal role in delivering comprehensive assessments (21, 23). This represents one of the largest single-center implementation fidelity studies in geriatric diabetes care, providing unprecedented insights into the mechanisms through which intervention quality translates to clinical outcomes within a consistent healthcare environment.

The demographic and clinical profile of the cohort, characterized by a mean age of 73.2 years, low educational attainment in over half of participants, and predominantly low household income, mirrors profiles in prior studies of older diabetic populations (19). These characteristics highlight socioeconomic vulnerabilities that exacerbate chronic illness management challenges, thus underscoring the relevance of CGA in such contexts (22). Furthermore, the variation in provider characteristics and patient enrollment across the 4-year study period reveals temporal changes in implementation approaches, with provider experience and training completion rates influencing fidelity strategies (19, 24). This baseline analysis contextualizes variations in intervention effectiveness and informs interpretations of outcomes within the single-center setting (22). The socioeconomic profile of our cohort suggests that CGA implementation may be particularly beneficial for vulnerable populations who face multiple barriers to optimal diabetes self-management, including limited health literacy and financial constraints (23, 25, 26).

Implementation fidelity measurement demonstrated robust psychometric properties, including Cronbach's α of 0.84, test-retest reliability (correlation coefficient = 0.91), and acceptable confirmatory factor analysis fit (comparative fit index = 0.96; root mean square error of approximation = 0.067, 95% CI 0.052–0.083), consistent with prior fidelity assessments in complex interventions (19, 27). The measurement scale demonstrated reliability and validity within the single-center environment, supporting its use for implementation quality assessment (22).

Provider-level variation in implementation quality (ranging from 0.28 to 0.94 on the fidelity scale) aligns with reports of individual differences in care delivery, driven by factors such as nursing experience, training completion, and patient characteristics (22, 24). These observations advocate individualized quality improvements to address barriers such as education, experience, and patient complexity (19, 28). The variation in fidelity scores among providers underscores the importance of individual competency factors in implementation success, suggesting that targeted training and support may optimize outcomes.

A robust dose-response association emerged between fidelity and glycemic control, with fully adjusted β of −0.38 (95% CI −0.47 to −0.29; p < 0.001) per 0.10-unit fidelity increase and HbA1c reductions of 0.73 percentage points across extreme quartiles (p for trend < 0.001), comparable to pharmacologic benefits (24, 28). To contextualize this effect size, the 0.73 percentage point improvement in HbA1c is equivalent to the glycemic benefit typically achieved by adding metformin to existing therapy or intensifying insulin regimens but accomplished through enhanced nursing care processes rather than additional medications. Restricted cubic spline analysis confirmed linearity (p for non-linearity = 0.15), reinforcing the fidelity–outcome association and indicating that higher fidelity is associated with more favorable glycemic profiles (19, 29). This linear relationship implies that even modest improvements in implementation quality can translate to clinically meaningful benefits, supporting graduated quality improvement efforts rather than requiring perfect implementation. Secondary cardiometabolic outcomes, including systolic blood pressure reductions (−5.10 mm Hg, 95% CI −7.20 to −3.00; p < 0.001, q < 0.001) and low-density lipoprotein cholesterol decreases (−6.50 mg/dl, 95% CI −9.10 to −3.90; p < 0.001, q < 0.001), mirror intensive interventions, indicating broader cardioprotective effects mediated by individualized monitoring (22, 24). These cardiovascular improvements are particularly significant given that the leading cause of mortality in older adults with diabetes is cardiovascular disease, suggesting that high-fidelity CGA implementation may be associated with lower long-term morbidity and mortality; prospective studies are needed to test this hypothesis.

Implementation of fidelity explained 18% of variance in HbA1c, indicating it represents one important but not dominant factor in glycemic outcomes. The substantial unexplained variance (82%) likely reflects unmeasured determinants including patient factors (genetics, medication adherence, and lifestyle), environmental factors (food access, social support), healthcare system factors (care continuity, specialist access), and provider factors (communication skills, experience). This aligns with diabetes control's multifactorial nature and suggests high-fidelity CGA should be viewed as a valuable component of comprehensive management rather than standalone solution. Despite explaining minority variance, fidelity's effect size (0.73 percentage point HbA1c improvement) remains clinically meaningful, comparable to adding diabetes medication.

Patient-centered outcomes improved significantly with higher fidelity, encompassing EuroQol-5D index (0.061, 95% CI 0.041–0.081; p < 0.001, q < 0.001), activities of daily living (0.58, 95% CI 0.39–0.77; p < 0.001, q < 0.001), and reduced Geriatric Depression Scale scores (−1.10, 95% CI −1.40 to −0.80; p < 0.001, q < 0.001), aligning with reports of enhanced well being in structured care models (19, 24). These gains likely stem from personalized goal-setting and engagement, mitigating risks of functional decline and mental health issues in diabetic elders (22, 30). The 0.061-point improvement in EQ-5D utility scores exceeds the minimal clinically important difference of 0.05, indicating that patients would perceive meaningful improvements in their overall quality of life. Healthcare utilization decreased markedly, with hospitalization incidence rate ratios of 0.61 (95% CI 0.51–0.73; p < 0.001) in highest vs. lowest quartiles, which may have economic implications; however, this study did not perform a formal cost-effectiveness analysis (19, 22). Although the observed reductions in hospitalizations and emergency department visits imply potential resource savings, these findings do not constitute a cost-effectiveness analysis. A rigorous economic evaluation incorporating intervention delivery costs, downstream healthcare expenditures, and health utility was beyond the scope of this study and should be addressed in future work.

Safety outcomes revealed fidelity's association with lower odds of hypoglycemic events (adjusted odds ratio 0.78 per 0.10-unit increase, 95% CI 0.72–0.84; p < 0.001), independent of insulin use and comorbidity, consistent with structured protocols reducing adverse risks (19, 24). Effect modification by age (p = 0.04) and gait speed (p = 0.02) indicated stronger associations in younger seniors (65–74 years) and those with preserved mobility, highlighting functional reserve as a moderator (24, 29). These findings suggest that CGA implementation may be most beneficial when initiated earlier in the aging process, before significant functional decline occurs, supporting preventive rather than reactive care models. Exploratory mediation analysis estimated that functional status accounted for 31.6% of the association between fidelity and HbA1c (natural indirect effect β −0.12, 95% CI −0.17 to −0.07; p < 0.001), robust to sensitivity analyses, elucidating pathways linking process quality to metabolic outcomes (19, 24). This mediation analysis provides important mechanistic insights, suggesting that CGA improves glycemic control not only through direct diabetes management but also by enhancing patients' functional capacity for self-care activities.

Sensitivity analyses, including instrumental variable estimation using training completion status (β −0.41, 95% CI −0.54 to −0.28; p < 0.001) and complete-case approaches, confirmed robustness (22, 29). Determinants of higher fidelity encompassed patient educational attainment (β 0.067 for high school or higher education, 95% CI 0.041–0.093; p < 0.001), provider diabetes experience (β 0.045 per year, 95% CI 0.028–0.062; p < 0.001), and CGA training completion (β 0.078, 95% CI 0.048–0.108; p < 0.001), explaining 28% of variance and aligning with individual-level implementation readiness literature (19, 22). These factors suggest that targeted interventions focusing on patient education, provider training, and experience enhancement could standardize care and reduce disparities within healthcare institutions (24). Our findings align with the implementation of science frameworks such as the Consolidated Framework for Implementation Research, particularly highlighting the importance of individual characteristics including knowledge, skills, and self-efficacy. The strong association between provider experience and fidelity suggests that supporting professional development is prerequisite for high-quality implementation, with potential training thresholds that healthcare administrators should target to optimize outcomes.

Provider training and experience emerged as particularly important implementation facilitators, suggesting that continuing education and mentorship should be prioritized in CGA scaling efforts. The specific factors that enhanced fidelity included years of diabetes care experience, completion of comprehensive training programs, and patient engagement strategies, providing a blueprint for professional development investments. In comparison with prior nurse-led diabetes interventions, the present findings extend evidence by quantifying fidelity's role in outcomes comparable to multidisciplinary models, advocating CGA as a scalable approach (19, 24, 33, 34). Training program integration enhanced fidelity, consistent with educational studies promoting skill development for precision care (22, 29). Biological mechanisms, including reduced glycemic variability via proactive monitoring, may underpin these associations, with functional improvements driving self-management (24, 30). Implications include institutional prioritization of training and professional development for value-based care, fostering patient engagement and care quality (19, 22).

Based on our findings, healthcare institutions implementing CGA for older adults with diabetes should prioritize several key elements: (1) ensuring comprehensive nurse training programs with minimum 16-h initial training plus ongoing supervision and support, (2) recruiting and retaining experienced diabetes care nurses with demonstrated competency in geriatric assessment, (3) implementing systematic patient education initiatives to improve health literacy and engagement, and (4) establishing quality monitoring systems to track fidelity metrics across providers. Healthcare administrators should recognize that partial implementation may yield suboptimal returns, as our dose-response findings demonstrate incremental benefits across the fidelity spectrum. For clinical practice, our results suggest that CGA should be conceptualized not as an additional assessment but as a systematic approach to reorganizing diabetes care around geriatric principles. Nurses should receive intensive training to integrate functional, cognitive, and social assessments into routine diabetes encounters, with particular attention to individualized goal-setting that accounts for patients' functional capacity and life expectancy. The protective effect against hypoglycemic events suggests that CGA protocols should emphasize safety considerations in medication management, particularly for insulin-treated patients.

Several limitations should be acknowledged. Our fidelity determinant model explained only 28% of variance, indicating 72% of influencing factors remain unmeasured. This includes organizational factors (unit culture, workload, and leadership support), individual nurse factors (self-efficacy, motivation, and communication skills), patient factors (health literacy, family support, and cultural beliefs), and contextual factors (visit timing, seasonal variations, and peer influence). This highlights implementation complexity and suggests successful CGA scaling requires attention to multilevel determinants. Future research should employ mixed methods approaches to identify these unmeasured barriers and facilitators. First, cross-sectional design limits causal inference despite our use of instrumental variable analysis and mediation techniques. Longitudinal studies are needed to establish temporal relationships definitively. Second, while our sample was large and conducted in a major tertiary hospital, all participants were from a single institution in China, potentially limiting generalizability to other healthcare settings and cultural contexts. Third, fidelity assessment, while psychometrically robust, relied partly on self-report measures that may be subject to social desirability bias. Fourth, we did not capture long-term outcomes such as cardiovascular events or mortality, which would strengthen the clinical significance of our findings. Fifth, the study did not include economic evaluation beyond healthcare utilization, limiting assessment of cost-effectiveness. Sixth, unmeasured confounders such as patient motivation or individual provider characteristics beyond those measured may influence both fidelity and outcomes, despite our comprehensive covariate adjustment. Finally, five imputations were used for missing data. Although employing a larger number of imputations can further reduce Monte Carlo error, diagnostic checks supported the sufficiency of m = 5 for this dataset. Future research should include randomized trials with long-term follow-up to establish causality, assess cost-effectiveness, and evaluate outcomes such as mortality and quality-adjusted life years. Studies across diverse healthcare institutions and systems are needed to assess generalizability and inform contextual adaptations. Research should also identify optimal training strategies to enhance fidelity while conserving resources. These findings are especially relevant for tertiary care institutions and academic medical centers, where comprehensive nurse training programs and experienced providers support scalable, evidence-based geriatric diabetes care.



5 Conclusion

The integration of comprehensive geriatric assessment into routine nursing care for older adults with type 2 diabetes may represent a significant advancement in chronic disease management. High implementation fidelity was strongly associated with multiple clinical benefits, including improved glycemic control, better cardiometabolic profiles, enhanced functional independence, reduced depressive symptoms, and decreased healthcare utilization. These positive outcomes, demonstrated through a clear dose-response relationship and mediated partly through functional status improvements, highlight the critical importance of implementation fidelity in delivering effective chronic disease care. Individual factors such as provider experience, training completion, and patient educational attainment emerged as key determinants of implementation quality, particularly important for optimizing care within healthcare institutions. The association with lower odds of hypoglycemic events and fewer acute-care episodes suggests potential safety and economic implications; however, formal cost-effectiveness was not assessed in this study. The finding that younger seniors and those with better mobility derived greater benefits points toward precision approaches in geriatric diabetes care to maximize intervention effectiveness. Collectively, these results support a fundamental shift toward systematic, high-fidelity nurse-led care models, supported by targeted investments in provider training and patient education, to address the growing burden of diabetes in aging populations and promote equitable, value-based healthcare delivery within healthcare institutions.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

This study was conducted in accordance with the principles of the Declaration of Helsinki and applicable national and institutional guidelines. Ethical approval was obtained from the Institutional Review Board of Shanghai Jiading District Central Hospital, Shanghai (Approval No. SJH-NUR-2023-042). Given the retrospective design and the exclusive use of de-identified patient data, the requirement for individual informed consent was formally waived by the ethics committee. Patient anonymity was safeguarded by excluding all personally identifiable information and assigning unique, non-traceable codes. All data were stored in a secured, encrypted database with access limited to authorized study personnel.



Author contributions

QS: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Software, Writing – original draft. DR: Conceptualization, Data curation, Formal analysis, Methodology, Project administration, Resources, Software, Validation, Writing – original draft. JT: Conceptualization, Data curation, Formal analysis, Funding acquisition, Methodology, Project administration, Resources, Software, Writing – original draft. LA: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Visualization, Writing – original draft, Writing – review & editing. SW: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – review & editing.



Funding

The author(s) declare tha t financial support was received for the research and/or publication of this article. Shanghai Nursing Association Youth Research Project, Project Title: Construction and Empirical Research on the Frailty Management Model for Elderly Patients with Type 2 Diabetes Mellitus Based on the Theory of Intrinsic Capacity (No. 2022QN-B03).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Gen AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2025.1665732/full#supplementary-material



References

 1. Kirkman MS, Briscoe VJ, Clark N, Florez H, Haas LB, Halter JB, et al. Diabetes in older adults. Diabetes Care. (2012) 35:2650–64. doi: 10.2337/dc12-1801

 2. Cho NH, Shaw JE, Karuranga S, Huang Y, da Rocha Fernandes JD, Ohlrogge A, et al. IDF diabetes atlas: global estimates of diabetes prevalence for 2017 and projections for 2045. Diabetes Res Clin Pract. (2018) 138:271–81. doi: 10.1016/j.diabres.2018.02.023

 3. Sun H, Saeedi P, Karuranga S, Pinkepank M, Ogurtsova K, Duncan BB, et al. IDF Diabetes Atlas: global, regional and country-level diabetes prevalence estimates for 2021 and projections for 2045. Diabetes Res Clin Pract. (2022) 183:109119. doi: 10.1016/j.diabres.2021.109119

 4. Bellary S, Kyrou I, Brown JE, Bailey CJ. Type 2 diabetes mellitus in older adults: clinical considerations and management. Nat Rev Endocrinol. (2021) 17:534–48. doi: 10.1038/s41574-021-00512-2

 5. Chowdhury M, Nevitt S, Eleftheriadou A, Kanagala P, Esa H, Cuthbertson DJ, et al. Cardiac autonomic neuropathy and risk of cardiovascular disease and mortality in type 1 and type 2 diabetes: a meta-analysis. BMJ Open Diabetes Res Care. (2021) 9:e002480. doi: 10.1136/bmjdrc-2021-002480

 6. Chen T, Xiao S, Chen Z, Yang Y, Yang B, Liu N. Risk factors for peripheral artery disease and diabetic peripheral neuropathy among patients with type 2 diabetes. Diabetes Res Clin Pract. (2024) 207:111079. doi: 10.1016/j.diabres.2023.111079

 7. Boccardi V, Bahat G, Balci C, Bourdel-Marchasson I, Christiaens A, Donini LM, et al. Challenges, current innovations, and opportunities for managing type 2 diabetes in frail older adults: a position paper of the European Geriatric Medicine Society (EuGMS)—Special Interest Group in Diabetes. Eur Geriatr Med. (2025) 16:1231–47. doi: 10.1007/s41999-025-01168-1

 8. Guo L, Xiao X. Guideline for the management of diabetes mellitus in the elderly in China (2024 Edition). Aging Med. (2024) 7:5–51. doi: 10.1002/agm2.12294

 9. Bao D-Y, Wu L-Y, Cheng Q-Y. Effect of a comprehensive geriatric assessment nursing intervention model on older patients with diabetes and hypertension. World J Clin Cases. (2024) 12:4065–73. doi: 10.12998/wjcc.v12.i20.4065

 10. Shen S, Zeng X, Hui X, Chen L, Zhang J, Chen X. Application, knowledge and training needs regarding comprehensive geriatric assessment among geriatric practitioners in healthcare institutions: a cross-sectional study. BMC Geriatr. (2024) 24:349. doi: 10.1186/s12877-024-04964-9

 11. Li S, Zhang J, Liu Y, Wang A, Qiu G. Survey of the demand for care services for older people and the training needs of their care workers: a cross-sectional study in Northeast China. BMC Nurs. (2022) 21:25. doi: 10.1186/s12912-022-00809-1

 12. Wu X, Kang A. Demand forecasting of nurse talents in china based on the Gray GM (1,1) model: model development study. Asian Pac Isl Nurs J. (2024) 8:e59484. doi: 10.2196/59484

 13. Beauchemin M, Cohn E, Shelton RC. Implementation of clinical practice guidelines in the health care setting: a concept analysis. Adv Nurs Sci. (2019) 42:307–24. doi: 10.1097/ANS.0000000000000263

 14. Hu L, Jiang WG. Assessing perceptions of nursing knowledge, attitudes, and practices in diabetes management within chinese healthcare settings. Front Public Health. (2024) 12:1426339. doi: 10.3389/fpubh.2024.1426339

 15. Chen X, Zhang L, Chen W. Global, regional, and national burdens of type 1 and type 2 diabetes mellitus in adolescents from 1990 to 2021, with forecasts to 2030: a systematic analysis of the global burden of disease study 2021. BMC Med. (2025) 23:48. doi: 10.1186/s12916-025-03890-w

 16. GBD 2021 Risk Factors Collaborators. Global burden and strength of evidence for 88 risk factors in 204 countries and 811 subnational locations, 1990-2021: a systematic analysis for the Global Burden of Disease Study 2021. Lancet. (2024) 403:2162–203. doi: 10.1016/S0140-6736(24)00933-4

 17. Boudreaux C, Noble C, Coates MM, Kelley J, Abanda M, Kintu A, et al. Noncommunicable Disease (NCD) strategic plans in low- and lower-middle income Sub-Saharan Africa: framing and policy response. Glob Health Action. (2020) 13:1805165. doi: 10.1080/16549716.2020.1805165

 18. Davies MJ, Aroda VR, Collins BS, Gabbay RA, Green J, Maruthur NM, et al. Management of hyperglycaemia in type 2 diabetes, 2022. A consensus report by the American Diabetes Association (ADA) and the European Association for the Study of Diabetes (EASD). Diabetologia. (2022) 65:1925–66. doi: 10.1007/s00125-022-05787-2

 19. Joeliantina A, Norontoko DA, Anugrahini HN. Development of a nursing assessment form for patients with diabetes mellitus in a hospital: a research and development study. Belitung Nurs J. (2021) 7:431–7. doi: 10.33546/bnj.1601

 20. Guerbaai RA, DeGeest S, Popejoy LL, Simon M, Wellens NIH, Denhaerynck K, et al. Evaluating the implementation fidelity to a successful nurse-led model (INTERCARE) which reduced nursing home unplanned hospitalisations. BMC Health Serv Res. (2023) 23:138. doi: 10.1186/s12913-023-09146-8

 21. Sarma H, D'Este C, Ahmed T, Bossert TJ, Banwell C. Developing a conceptual framework for implementation science to evaluate a nutrition intervention scaled-up in a real-world setting. Public Health Nutr. (2021) 24:s7–s22. doi: 10.1017/S1368980019004415

 22. Alharbi N, Alsubki N, Jones S, Khunti K, Munro N. Lusignan SD. Impact of information technology–based interventions for type 2 diabetes mellitus on glycemic control: a systematic review and meta-analysis. J Med Inter Res. (2016) 18:e310. doi: 10.2196/jmir.5778

 23. Dailah HG. The influence of nurse-led interventions on diseases management in patients with diabetes mellitus: a narrative review. Healthcare. (2024) 12:352. doi: 10.3390/healthcare12030352

 24. Ali MK, Chwastiak L, Poongothai S, Emmert-Fees K, Patel SA, Anjana RM, et al. Effect of a collaborative care model on depressive symptoms and glycated hemoglobin, blood pressure, and serum cholesterol among patients with depression and diabetes in India. JAMA. (2020) 324:651. doi: 10.1001/jama.2020.11747

 25. Woodward A, Walters K, Davies N, Nimmons D, Protheroe J, Chew-Graham CA, et al. Barriers and facilitators of self-management of diabetes amongst people experiencing socioeconomic deprivation: a systematic review and qualitative synthesis. Health Expect. (2024) 27:e14070. doi: 10.1111/hex.14070

 26. Adu MD, Malabu UH, Malau-Aduli AEO, Malau-Aduli BS. Enablers and barriers to effective diabetes self-management: a multi-national investigation. PLoS ONE. (2019) 14:e0217771. doi: 10.1371/journal.pone.0217771

 27. Chae S, Oh H, Moorhead S. Effectiveness of nursing interventions using standardized nursing terminologies: an integrative review. West J Nurs Res. (2020) 42:963–73. doi: 10.1177/0193945919900488

 28. Lessing S, Hayman LL. Diabetes care and management using electronic medical records: a systematic review. J Diabetes Sci Technol. (2018) 13:774–82. doi: 10.1177/1932296818815507

 29. Frontoni E, Romeo L, Bernardini M, Moccia S, Migliorelli L, Paolanti M, et al. A Decision support system for diabetes chronic care models based on general practitioner engagement and EHR data sharing. IEEE J Transl Eng Health Med. (2020) 8:1–12. doi: 10.1109/JTEHM.2020.3031107

 30. Gerwer J, Bacani G, Juang PS, Kulasa K. Electronic health record–based decision-making support in inpatient diabetes management. Curr Diab Rep. (2022) 22:433–40. doi: 10.1007/s11892-022-01481-0

 31. Saqib MAN, Siddiqui S, Qasim M, Jamil MA, Rafique I, Awan UA, et al. Effect of COVID-19 lockdown on patients with chronic diseases. Diabetes Metab Syndr. (2020) 14:1621–3. doi: 10.1016/j.dsx.2020.08.028

 32. Qasim M, Awan UA, Afzal MS, Saqib MAN, Siddiqui S, Ahmed H. Dataset of knowledge, attitude, practices and psychological implications of healthcare workers in Pakistan during COVID-19 pandemic. Data Brief. (2020) 32:106234. doi: 10.1016/j.dib.2020.106234

 33. El Baz S, Keats EC, Tasic H, Black R, Peters DH, Safi N, et al. Setting health systems research priorities for Afghanistan: an application of the child health and nutrition research initiative (CHNRI) methodology to set a roadmap to 2030. BMJ Glob Health. (2025) 10 (Suppl. 3):e018578. doi: 10.1136/bmjgh-2024-018578

 34. Khan MZ, Hussain M, Khan AA, Hassan U, Akhter N, Hameed M, et al. Frequency of non-diabetic renal disease in type 2 diabetes mellitus patients undergoing renal biopsy. J Ayub Med Coll Abbottabad. (2021) 33(Suppl. 1):S757–62.

Copyright
 © 2025 Sun, Ren, Tong, Ao and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Integrating comprehensive geriatric assessment into routine nursing care for older adults with type 2 diabetes: implementation fidelity and clinical outcomes



		1 Introduction



		2 Methodology



		2.1 Setting and participants



		2.2 Implementation of comprehensive geriatric assessment



		2.3 Fidelity assessment



		2.4 Data collection and measures



		2.5 Statistical analysis



		2.6 Psychometric evaluation







		3 Results



		3.1 Participant characteristics and study enrollment



		3.2 Implementation of fidelity assessment and facility variation



		3.3 Primary outcome: association between implementation fidelity and glycemic control



		3.4 Secondary cardiometabolic and patient-centered outcomes



		3.5 Healthcare utilization and safety outcomes



		3.6 Effect modification and mediation analyses



		3.7 Sensitivity analyses and determinants of implementation fidelity







		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher's note



		Supplementary material



		References

















OPS/images/cover.jpg
@ frontiers | Frontiers in Public Health

Integrating comprehensive
geriatric assessment into routine
nursing care for older adults with
type 2 diabetes: implementation

fidelity and clinical outcomes





OPS/images/fpubh-13-1665732-g001.gif





OPS/images/fpubh-13-1665732-g002.gif
A ot

P———











OPS/images/crossmark.jpg
©

|






OPS/images/logo.jpg
& frontiers | Frontiers in Public Health







