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	Background: Recent clinical investigations have drawn attention to cognitive frailty as a composite syndrome that occurs with increasing frequency in populations affected by chronic metabolic disorders, most notably type 2 diabetes mellitus. Despite this recognition, empirical data characterizing its prevalence and predisposing determinants among younger, community-dwelling adults with diabetes remain insufficient.
Objective: The aim of this investigation was to determine whether sarcopenia independently contributes to the occurrence of cognitive frailty in adults with diabetes managed within the primary care system.
Methods: Adopting a cross-sectional design, the study recruited 281 adults living with diabetes from two community-based health facilities. The Mini-Mental State Examination (MMSE) served as the primary cognitive assessment tool, and the SARC-F questionnaire—a validated self-report screening instrument rather than a direct physiological measure of muscle mass or handgrip strength—was used to assess sarcopenia risk. Chi-square analysis tested bivariate associations, and adjusted prevalence ratios (PRs) were computed using modified Poisson regression with robust variance, an approach suited for cross-sectional data in which outcomes are not rare.
Results: The overall prevalence of cognitive frailty in the study cohort was 3.2%. In multivariate models, sarcopenia was associated with a significantly higher likelihood of cognitive frailty (adjusted PR = 6.84; 95% CI: 1.55–30.19).
Conclusion: Sarcopenia is a clinically meaningful, independent risk factor for cognitive frailty in community-dwelling adults with diabetes. Integrating parallel assessments of sarcopenia and cognitive function into routine primary care diabetes management may improve early detection and help reduce downstream adverse health outcomes.
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INTRODUCTION
Since Fried (2001) first operationalized its phenotypic criteria, frailty has commanded growing scholarly and clinical attention as a multifaceted determinant of adverse health trajectories. Converging evidence from prospective cohorts and meta-analytic syntheses has linked the frailty phenotype to a broad spectrum of adverse outcomes, functional dependency, neurocognitive decline, injurious falls, acute care utilization, and premature death (Mei et al., 2021; Vermeiren et al., 2016; Elmaleh & Mohamed, 2025). The recurring co-occurrence of physical vulnerability and declining cognitive function prompted researchers to delineate a composite syndrome termed cognitive frailty. 
This construct received its formal, consensus-based definition in 2013 through an international working group Kelaiditi (2013), which specified the simultaneous presence of physical frailty and non-dementia cognitive impairment as its hallmark features. Importantly, Ruan (2015) highlighted the therapeutic window this entity offers: because cognitive frailty occupies a transitional state before established dementia, it retains meaningful potential for partial or full reversibility when addressed through timely clinical intervention.
[bookmark: Santoso]Prevalence estimates for cognitive frailty diverge considerably depending on geographic context and methodological design. Published surveys from diverse Asian settings report rates between 4.8% and 15% (Hardi et al., 2025; Santoso & Rensa, 2022; Utech et al., 2023), whereas data from European cohorts indicate higher proportions, with figures of 14% and 23.6% recorded in selected samples (Corral-Pérez et al., 2023; Gaspar et al., 2022). The clinical gravity of these findings was underscored by a pooled analysis from Bu (2021), who demonstrated that older adults without cognitive frailty experienced substantially reduced hazards of all-cause mortality [HR: 0.59 (95% CI: 0.58–0.60)] and incident dementia [HR: 0.46 (95% CI: 0.40–0.54)] when compared with cognitively frail individuals—evidence that firmly positions cognitive frailty as a potent prognostic indicator of both mortality and dementia risk.
Recognition that frailty carries serious prognostic consequences has motivated investigations in populations beyond the traditional geriatric scope, particularly among working-age individuals burdened by high-impact chronic diseases. Type 2 diabetes, chronic hypertension, advanced renal failure, and oncologic conditions each accelerate molecular aging pathways Hanna (2020) and Zhang (2023), thereby predisposing affected individuals to early-onset frailty. A unifying pathobiological mechanism across these disease states is inflammaging, the gradual accumulation of low-grade, persistent systemic inflammation that concurrently erodes organ function, undermines physical capacity, and promotes the frailty cascade. Chronic elevation of circulating pro-inflammatory mediators underpins this trajectory, and sustained overproduction has been mechanistically implicated in the progressive decline of musculoskeletal integrity, locomotor capacity, and the clinical emergence of sarcopenia (Salaffi et al., 2023).
Expanding evidence base points to a mutually reinforcing interplay between diabetes mellitus and the frailty phenotype. Current data position frailty as the third most prevalent diabetes-associated complication, surpassed only by macrovascular and microvascular disease. Sustained glucose dysregulation triggers cascading oxidative stress, inflammatory amplification, and peripheral insulin resistance—processes that collectively degrade skeletal muscle architecture and contractile capacity, rendering diabetes a robust catalyst of muscle atrophy and frailty progression (Wu et al., 2022). 
National surveillance data from the 2018 Indonesian Basic Health Research (Riskesdas) estimated that 10.7% of the population aged ≥15 years had type 2 diabetes, a figure that continues to rise. Surabaya, the country’s second-largest metropolitan center, bears a disproportionate share of this burden, with community health centers (puskesmas) serving as the principal primary care delivery platforms. Despite the scale of this epidemiological challenge, routine screening protocols for frailty and cognitive impairment among community-managed diabetic patients have not yet been systematically implemented in Indonesian primary care.
Notwithstanding robust evidence linking diabetes to frailty Wu (2022), the literature base remains heavily skewed toward elderly samples, leaving younger, working-age adults substantially underrepresented. Critically, the sustained inflammatory milieu characteristic of diabetes can drive premature biological aging and early frailty even among non-geriatric individuals, increasing their risk of disability, unplanned hospitalization, and shortened lifespan. Against this backdrop, the current investigation was conceived to quantify the prevalence of cognitive frailty and delineate its contributory factors among diabetic patients, spanning working-age through older adulthood, receiving care in community settings. 
Although geriatric medicine has increasingly embraced integrated frailty assessment, standardized cognitive screening remains underutilized in frontline diabetes care, limiting early identification of at-risk patients. This study therefore addresses a concrete gap by examining whether structured cognitive frailty evaluation can yield clinically actionable insights within a primary care diabetes context. Virtually all published cognitive frailty research in diabetic populations has been confined to institutionalized or hospital-based geriatric cohorts, leaving a critical blind spot regarding non-elderly community-dwelling patients. Compounding this limitation, most existing studies originate from well-resourced tertiary institutions in Western countries, with minimal representation of primary care settings across Southeast Asia or Indonesia. This scarcity of population-level evidence from ethnically diverse, working-age diabetic communities represents a methodological gap that this study seeks to address. By generating data from this underexplored population, the present work may strengthen the rationale for embedding sarcopenia surveillance and cognitive assessment into standard primary care diabetes management, enabling earlier identification of vulnerable individuals and timely preventive intervention.

METHOD
[bookmark: Grobbee]This investigation adopted a cross-sectional observational framework. Recruitment and data acquisition took place from July through November 2025 across the outpatient clinics of two community-level healthcare facilities (Gunung Anyar and Medokan Ayu Primary Health Centers) both situated in the Surabaya metropolitan area of Indonesia. Adults aged ≥18 years were eligible provided they had a verified diagnosis of diabetes, corroborated by fasting plasma glucose measurements, glycated hemoglobin (HbA1c) testing, or documented use of glucose-lowering pharmacotherapy; all enrollees provided written informed consent. Individuals were excluded if they exhibited severe cognitive impairment (MMSE ≤ 10), presented at the clinic unaccompanied regardless of cognitive capacity, or demonstrated complete dependence in daily activities as assessed by the Instrumental Activities of Daily Living (IADL) scale. The minimum required sample size was estimated under a two-sided hypothesis testing framework (type I error 5%, type II error 10%; α = 0.05, β = 0.10), guided by prognostic-study sample-size heuristics (Grobbee & Hoes, 2014). The protocol received ethical clearance from the institutional review board of the Faculty of Medicine, Universitas Wijaya Kusuma Surabaya (reference No. 72/SLE/FK/UWKS/2025).
Data were collected through structured, interviewer-administered questionnaires in face-to-face sessions conducted by trained field staff; where clinical circumstances warranted, a primary caregiver was invited to assist. Ascertainment of cognitive frailty required concurrent evaluation across three domains (physical robustness, neurocognitive status, and functional independence) each measured using instruments validated for the Indonesian population. A participant met the diagnostic threshold for cognitive frailty only when all three criteria were present: physical frailty verified by the locally validated FRAIL scale, evidence of mild-to-moderate cognitive impairment on a validated screening tool, and preserved independence in basic daily functioning. 
[bookmark: Zou]Variables extracted from clinical records and interview data included: (i) demographic profile (sex, age, marital status, highest educational attainment); (ii) nutritional status using the Mini Nutritional Assessment–Short Form (MNA-SF); (iii) habitual physical activity (“active” defined as ≥2 exercise sessions per week); (iv) polypharmacy (simultaneous use of ≥5 medications); (v) multimorbidity burden indexed by the Charlson Comorbidity Index (CCI); (vi) any fall episode within the previous six months; (vii) presence of documented diabetic complications; and (viii) sarcopenia risk as indicated by the SARC-F screening tool (cutoff ≥4). Functional capacity was additionally assessed using the Basic Activities of Daily Living (BADL) and IADL scales. Operational definitions: a case of cognitive frailty (CF) required the co-occurrence of (1) physical frailty on the Indonesian-adapted FRAIL scale (score ≥3), (2) cognitive impairment reflected by an MMSE score <24 (on a 0–30 scale), and (3) preserved basic self-care ability (BADL ≥12 out of 20). Sarcopenia was operationally defined as a SARC-F score ≥4, consistent with validated population-specific cutoffs for Asian adults. Participants were stratified as robust (FRAIL = 0), pre-frail (FRAIL 1–2), or frail (FRAIL ≥3). Statistical model for PR: because the observed outcome frequency exceeded 10% within sarcopenic strata, prevalence ratios (PR) were estimated using modified Poisson regression with a robust (sandwich) variance estimator—a method recommended for cross-sectional analyses when outcomes are not rare (Zou, 2004; Barros & Hirakata, 2003).
All analyses were conducted using STATA 18.0 (StataCorp LLC, College Station, TX, USA). Participant characteristics were summarized using standard descriptive statistics. The association between each candidate explanatory variable and cognitive frailty (CF) status was first examined using Chi-square testing; variables with p ≤ 0.25 were subsequently entered into a multivariable modified Poisson regression model with robust variance to identify independently associated determinants and estimate adjusted prevalence ratios (PR).

RESULTS AND DISCUSSION
Of the 281 enrolled individuals, women constituted the majority at 68%. Sixteen participants (5.7%) screened positive for cognitive impairment. When categorized by frailty status, the pre-frail group was the largest (49.5%), followed by the robust group at 42.7% (Table 2).

Table 1. Cognitive Frailty Component Distribution
	CF Component
	CF-Positive (n=9)
	CF-Positive (%)
	CF-Negative (n=272)
	CF-Negative (%)

	Physical Frailty
	6
	66.7
	46
	16.9

	Cognitive Impairment
	5
	55.6
	11
	4.0

	Functional Independence
	9
	100
	272
	100


 
Table 2. Characteristics of The Subjects (n = 281)
	Variable
	N, %

	Age
	60.24 (SD 9.72)

	Gender
Male
Female
	
90 (32)
191 (68)

	Education
Elementary School
Junior high School
Senior high school
Diploma
	
79 (28.1)
43 (15.3)
101 (35.9)
56 (19.9)

	Marital Status
Married
Unmarried
	
268 (95.4)
13 (4.6)

	Nutritional status
Normal
Risk at malnutrition or malnutrition
	
204 (72.6)
77 (27.4)

	Sarcopenia
Normal
Sarcopenia
	
260 (92.5)
21 (7.5)

	Cognitive Status
Normal
Cognitive impairment
	
265 (94.3)
16 (5.7)

	Frailty Status
Robust
Prefrail
Frail
	
120 (42.7)
139 (49.5)
22 (7.8)

	Basic ADL score
	20 (13–20)

	Polypharmacy (≥ 5 drugs)
Yes
No
	
17 (6.04)
264 (93.95)

	Charlson Comorbidity Index (CCI)
CCI < 5
CCI ≥ 5
	
 269 (95.72)
12 (4.27)

	History of falls during previous 6 months (n, %)
Yes
No
	
39 (13.87)
242 (86.12)

	Diabetes complication
Yes
No
	
19 (6.76)
262 (93.2)



Bivariate analysis (Table 3) revealed a statistically significant link between sarcopenia and the presence of cognitive frailty. After multivariable adjustment incorporating both sarcopenia and age (Table 4), sarcopenia retained a strong and statistically significant association (adjusted prevalence ratio [PR] = 6.84; 95% CI: 1.55–30.19).

Table 3. Bivariate Analysis
	
	Cognitive Frailty
	p-value

	
	No
(n=272)
	Yes 
(n=9)
	

	Gender
Male 
Female
	
87 (96.7%)
185 (96.9 %)
	
3 (3.3 %)
6 (3.1 %)
	
0.627

	Sarcopenia
Normal
Sarcopenia
	
254 (97.7%)
18 (85.7%)
	
6 (2.3%)
3 (14.3%)
	
0.023

	Age
Below 60 y.o
Above 60 y.o
	
134 (98.35%)
138 (95.2%)
	
2 (1.5%)
7 (4.8%)
	
0.109

	Nutritional status
Normal
Risk at malnutrition or malnutrition
	
197 (96.6%)
75 (97.4%)
	
7 (3.4%)
2 (2.6%)
	
0.53



Table 4. PR Value of Independent Variable
	Variables
	Crude PR
	P Value

	Gender
Male 
Female
	
1
0.942 (95% CI 0.24 – 3.68)
	
0.627

	Sarcopenia
Normal
Sarcopenia
	
1
6.19 (95% CI 1.66 – 23)
	
0.023

	Age
Below 60 y.o
Above 60 y.o
	
1
3.28 (95% CI 0.694 – 15.52)
	
0.109

	Nutritional status
Normal
Risk at malnutrition or malnutrition
	
1
1.32 (95% CI 0.28–6.22)
	
0.53



Table 5. Multivariate Logistic Regression Result
	Variables
	Adjusted PR
	P Value

	Sarcopenia
Normal
Sarcopenia
	
1
6.84 (95% CI 1.55 – 30.19)
	
0.011

	Age
Below 60 y.o
Above 60 y.o
	
1
3.296 (95% CI 0.66 – 16.43)
	
0.146



Discussion
The principal finding of this analysis is the identification of sarcopenia as an independent, high-magnitude correlate of cognitive frailty (CF) among adults living with diabetes. With age held constant, the likelihood of CF was approximately sevenfold higher in sarcopenic versus non-sarcopenic individuals (adjusted prevalence ratio [PR] 6.84; 95% CI 1.55–30.19), an observation that foregrounds the centrality of skeletal muscle health for cognitive resilience in this clinical population. Notably, this association was not restricted to older age brackets but extended into the middle-adult diabetes cohort, broadening the demographic applicability of the muscle–cognition nexus. On the analytical plane, the decision to report prevalence ratios rather than odds ratios was deliberate: when outcome prevalence is nontrivial, as in this cross-sectional dataset, odds ratios inflate the apparent magnitude of association, whereas prevalence ratios convey the true excess risk with greater fidelity (Karp, 2014). It warrants emphasis that the interpretation of sarcopenia as a sentinel of underlying systemic inflammation constitutes an inference grounded in prior published evidence and not a direct empirical demonstration of this study, which omitted inflammatory biomarker assays.
These results deepen appreciation of what has been termed the “muscle–brain axis,” a conceptual model gaining traction in contemporary clinical discourse. The biological credibility of this axis rests on the recognition that sarcopenia and cognitive frailty share intersecting pathogenic cascades (Xenos et al., 2025). In the diabetic milieu, chronic hyperglycemia fuels a sustained pro-inflammatory state typified by overexpression of IL-6 and TNF-α, cytokines that exert catabolic effects on striated muscle while simultaneously injuring neuronal populations (Pellegrino et al., 2024). Compounding this, insulin resistance, the defining metabolic lesion of type 2 diabetes mellitus, disrupts central neurotransmission and accelerates neuronal attrition alongside the breakdown of contractile proteins in skeletal muscle. 
Through these parallel processes, neuroinflammation and reactive oxygen species may operate as converging destructive forces that simultaneously target both musculoskeletal and cerebral compartments (Solerte, 2025). Viewed collectively, these mechanistic threads lend credence to the proposition that, within the diabetic population, sarcopenia may function as a proxy indicator of heightened systemic inflammatory load and attendant cognitive vulnerability, a reading consonant with InCHIANTI cohort data linking circulating inflammatory indices to diminished physical performance (Pellegrino et al., 2024). All mechanistic interpretations advanced here derive from the extant literature and do not constitute direct empirical outputs of the present cross-sectional study.
At the molecular level, these overlapping pathogenic circuits furnish a plausible scaffold for bidirectional causality between sarcopenia and cognitive decline, an interrelationship substantiated by converging evidence from independent research programs. As skeletal muscle mass progressively diminishes in sarcopenia, the tissue’s capacity to elaborate myokines, contraction-induced peptide signals that traverse the circulation and modulate neuronal homeostasis, is proportionally curtailed, thereby weakening a key humoral conduit of the muscle–brain axis and eroding neurocognitive reserves (Lu et al., 2024). A consequent deficit in these myokine mediators may thus establish permissive conditions for neurocognitive deterioration. Compounding this effect, habitual muscular contraction ordinarily stimulates the synthesis of brain-derived neurotrophic factor (BDNF), a neurotrophin critical for the maintenance of synaptic plasticity and neuronal viability. The reduction in BDNF output that accompanies sarcopenia-related muscle depletion may therefore serve as a peripheral mirror of concomitant neurodegenerative activity, reinforcing the biological legitimacy of the muscle–brain link (Liu et al., 2024).
Evidence also supports the reverse causal pathway, wherein declining cognitive function predisposes individuals to sarcopenia. Dong (2024) reported that sarcopenic participants scored significantly lower on both global and domain-specific subscales of the Montreal Cognitive Assessment (MoCA) relative to their non-sarcopenic counterparts (p < 0.05), pointing to a self-perpetuating cycle linking muscle and neural function. On a behavioral plane, diminished cognitive reserve frequently translates into reduced volitional engagement in physical activity, compounded in some cases by oropharyngeal dysphagia; together, these sequelae accelerate the catabolic erosion of lean body mass and expedite sarcopenic deterioration. At the subcellular level, the intensified oxidative milieu that accompanies neurodegeneration impedes anabolic protein synthesis in myofibers, destabilizes metabolic enzymatic cascades, and triggers mitochondrial dysfunction culminating in programmed myocyte death, processes that collectively amplify the individual’s vulnerability to sarcopenia (Liu et al., 2024).
From a translational standpoint, these findings carry several noteworthy implications. The demonstration that sarcopenia and CF are coupled within a primary care cohort directly challenges the longstanding assumption that CF is an ailment exclusive to the oldest and most debilitated segments of the population. Rather, the current dataset indicates that the inflammatory and metabolic perturbations orchestrated by diabetes are associated with accelerated biological senescence and a measurably heightened CF risk even among individuals who have not yet reached their sixth decade, a pattern more consistent with disease-accelerated frailty than with ordinary chronological aging. Concordant evidence comes from Cigolle (2011), who observed a 2.8% rate of cognitive impairment in diabetic adults compared with just 1.1% in age-matched non-diabetic controls (p = 0.002), affirming that diabetes per se, independent of calendar age, amplifies neurocognitive vulnerability.
A second practical message concerns the imperative to embed brief, psychometrically sound screening instruments into everyday diabetes consultations. Existing validation work has demonstrated that the SARC-F and FRAIL scales reliably predict unfavorable clinical trajectories, encompassing emergency hospitalization and loss of functional autonomy, in the diabetic patient population (Liccini & Malmstrom, 2016). Pairing these two tools with the MMSE creates a compact yet comprehensive assessment battery that is economical, non-invasive, and feasible for deployment by frontline healthcare professionals including general practitioners and nursing personnel. Given the international expert consensus that CF occupies a pre-dementia window amenable to intervention, its early detection opens the door to individualized prevention packages comprising dietary optimization, graded resistance exercise, and tighter glycemic regulation, measures capable of disrupting the progression toward dementia, functional dependency, and excess mortality (Tamura et al., 2020). Additional support for the modifiability of cognitive frailty trajectories comes from randomized evidence generated by the FINGER trial, which showed that a structured multidomain lifestyle program can both prevent and reverse this condition (Pöyhönen et al., 2026).
At 3.2%, the point prevalence of CF observed herein falls substantially below the 20% pooled figure reported in a contemporary meta-analysis restricted to older adult samples (Bian et al., 2026). The gap is most parsimoniously attributed to the younger age distribution of the present cohort (mean age 60 years) together with the eligibility requirement of preserved functional autonomy, a criterion that by design filtered out the most severely compromised members of the diabetic population.
Certain methodological constraints warrant transparent acknowledgment. First, the cross-sectional design inherently prevents conclusions regarding temporal ordering or causal directionality within the sarcopenia–CF relationship; clarifying these dimensions will require studies employing longitudinal follow-up or prospective enrollment. Second, the reliance on self-report screening instruments (SARC-F and FRAIL) instead of criterion-standard measurements such as dual-energy X-ray absorptiometry or comprehensive geriatric assessment represents a pragmatic concession to primary care resource realities that inevitably limits diagnostic precision. Third, recruitment was confined to two urban primary care facilities in one administrative region of East Java, a geographic restriction that may attenuate the transferability of these results to populations characterized by different ethnic profiles, economic conditions, or healthcare delivery systems.



CONCLUSION
Taken together, the data presented in this cross-sectional study demonstrate that sarcopenia has a robust, independent association with cognitive frailty in community-dwelling adults with diabetes, a relationship that persists across age categories. Based on these findings, a strong case can be made for routine co-assessment of sarcopenia and cognitive status within primary care for diabetes management, with the explicit goal of expediting case recognition and delivering preventive interventions at the earliest feasible stage. Acknowledged limitations include the inability to infer causation inherent to the cross-sectional design, as well as the substitution of objective diagnostic gold standards with questionnaire-based screening tools (SARC-F and FRAIL). Establishing the real-world effectiveness and cost–benefit profile of dual screening protocols in primary care will require prospective longitudinal cohorts and well-powered randomized controlled trials before scaled-up adoption can be recommended.
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