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Purpose: Cognitive flexibility, a core executive function, enables individuals to adapt to the behavioral demands of chronic disease 
management. Poor glycemic control, indicated by elevated glycated hemoglobin (HbA1c), may impair cognition, adherence, and 
quality of life in type 2 diabetes mellitus (T2DM). This study examined associations between glycemic control, cognitive flexibility, 
and HRQoL.
Methods: This cross-sectional study included 268 adults with T2DM recruited from a tertiary endocrinology clinic between March and 
September 2024. Eligible participants had been diagnosed within the past 10 years and maintained a stable regimen across their two most 
recent HbA1c assessments. Exclusion criteria included major comorbidities, psychiatric or neurological treatment, and pregnancy. HbA1c 
values were obtained from medical records. Cognitive flexibility was assessed using the Cognitive Flexibility Inventory (CFI), and health- 
related quality of life with the 12-Item Short Form Survey (SF-12). Group comparisons (adequate vs poor glycemic control), Pearson’s 
correlations and multiple linear regression analyses adjusting for potential confounders were conducted using IBM SPSS Statistics. An 
a priori power analysis was performed using G*Power, confirming a sufficient sample size (power = 0.91).
Results: Of the 268 participants, 55.9% had poor glycemic control (HbA1c ≥ 7%). Compared with adequate control, those with poor 
control scored lower on CFI-Alternatives (p = 0.017, d = 0.51) and SF-12 mental component summary (p = 0.023, d = 0.56). Smaller but 
significant differences were found for CFI-Total (p = 0.037, d = 0.33) and SF-12 physical component summary (p = 0.042, d = 0.21). HbA1c 
correlated inversely with CFI-Alternatives (r = –0.228, p = 0.035), CFI-Total (r = –0.208, p = 0.038), and MCS-12 (r = –0.247, p = 0.022). 
These associations were clinically meaningful and remained significant in multiple linear regression analyses.
Conclusion: Poor glycemic control is associated with reduced cognitive flexibility and impaired HRQoL, particularly in the mental 
domain, among individuals with T2DM. The role of cognitive flexibility in treatment adherence warrants further investigation.
Keywords: type 2 diabetes, HbA1c, cognitive flexibility, executive function, health-related quality of life

Introduction
Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder characterized by impaired insulin secretion and/or 
insulin resistance, leading to disturbances in carbohydrate, lipid, and protein metabolism.1 Glycated hemoglobin (HbA1c) 
is widely used as a biomarker for diagnosing diabetes, monitoring long-term glycemic control, and predicting 
complications.2 According to current clinical guidelines, HbA1c values below 5.7% indicate normoglycemia, values 
between 5.7–6.4% define prediabetes, and levels ≥6.5% confirm diabetes.3

Type 2 diabetes mellitus represents a major global public health challenge, with a steadily increasing global 
prevalence, according to the American Diabetes Association Standards of Care.3 The association between T2DM and 
cognitive dysfunction is well established. Recent systematic reviews show that diabetes increases the risk of cognitive 
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decline not only in older adults but also across the lifespan.4,5 Cognitive impairments in domains such as memory, 
attention, and particularly cognitive flexibility may significantly hinder self-management and treatment adherence in 
individuals with T2DM,6,7 thereby posing challenges for patient-centered care.

Cognitive flexibility, an executive function regulated by the prefrontal cortex, refers to the ability to shift strategies, 
adapt to novel situations, and generate alternative solutions.8 Neuroimaging studies have identified structural and 
functional alterations in the prefrontal cortex of patients with T2DM, providing a neurological basis for these deficits.9 

Hyperglycemia has also been linked to neuroinflammation, microvascular dysfunction, and impaired prefrontal activity— 
mechanisms that may compromise executive functioning and reduce patients’ capacity for adaptive disease 
management.10 Because diabetes care requires continuous behavioral adjustment—including medication adherence, 
dietary regulation, glucose monitoring, and physical activity—deficits in cognitive flexibility may impair patients’ ability 
to process disease-related information, adapt to fluctuating glycemic conditions, and adhere to complex treatment 
regimens, ultimately worsening outcomes and health-related quality of life (HRQoL).11,12

HRQoL encompasses physical, psychological, and social well-being. Poor glycemic control has consistently been 
associated with reduced HRQoL, particularly in the mental domain.13 However, studies on the relationship between 
HbA1c and HRQoL have yielded inconsistent findings,14–16 underscoring the need to explore psychosocial moderators— 
such as executive function—that may influence this association.

Despite extensive research on glycemic regulation, cognitive function, and HRQoL, to our knowledge, few studies 
have directly investigated cognitive flexibility, a specific executive function, in relation to patient-reported outcomes. 
This gap limits our understanding of how modifiable cognitive processes may mediate the link between glycemic control 
and HRQoL in T2DM.

Given the central role of cognitive flexibility in behavioral and psychosocial adaptation, and the lack of consensus in 
prior findings on HbA1c and HRQoL, the present study aimed to examine these associations in adults with T2DM. 
Previous studies have reported associations between poor glycemic control and reduced health-related quality of life in 
individuals with type 2 diabetes.13–15 Accordingly, we hypothesized that higher HbA1c levels would be associated with 
lower cognitive flexibility and poorer HRQoL, highlighting the importance of integrative care approaches that address 
both cognitive and metabolic factors in diabetes management.

Materials and Methods
Study Population and Design
This cross-sectional study included 268 adults with T2DM who received outpatient care at the Endocrinology Clinic of 
Ankara Etlik City Hospital between March and September 2024. The study was guided by a self-regulation and executive 
function framework, which posits that cognitive flexibility facilitates adaptive behavior and treatment adherence in 
chronic disease management. Eligible participants had a diagnosis of T2DM within the past 10 years and had maintained 
a stable treatment regimen during their two most recent HbA1c measurements. To ensure sample homogeneity, we 
excluded individuals with major comorbidities (eg, renal or vascular disease), those receiving psychiatric or neurological 
treatment, individuals with severe sensory impairments, and pregnant women, as these conditions may independently 
affect cognitive performance and health-related quality of life. Participants were identified through electronic health 
records and approached consecutively during routine visits. The study protocol was approved by the Ankara Medipol 
University Ethics Committee (Decision No: 020, Date: 28/02/2024). Written informed consent was obtained from all 
participants in accordance with the Declaration of Helsinki.

Sample Size Determination
A priori power analysis was conducted using G*Power version 3.1. Assuming a medium effect size for correlations (r = 0.30), 
α = 0.05, and power = 0.80, the required sample size was 228. With 268 participants, the achieved power was 0.91, indicating 
sufficient sensitivity to detect meaningful associations.
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Clinical and Demographic Data Collection
Medication use and HbA1c values were extracted from medical records. Glycemic control was classified as adequate 
(HbA1c < 7.0%) or poor (HbA1c ≥ 7.0%) in line with international guidelines.3 The thresholds of 5.7% for normogly
cemia, 5.7–6.4% for prediabetes, and ≥6.5% for diabetes represent diagnostic criteria, whereas the 7% cut-off reflects 
a clinically relevant management target.3 Demographic and lifestyle data—including age, sex, body mass index (BMI), 
diabetes duration, education, diet, and physical activity—were obtained using a structured self-report questionnaire 
administered by trained researchers. Diet and physical activity were assessed using standardized yes/no questions 
regarding adherence to a healthy diet and regular exercise.

Assessment of Cognitive Flexibility
Cognitive flexibility was assessed using the Cognitive Flexibility Inventory (CFI), a validated 20-item self-report 
measure by Dennis and Vander Wal.17 It comprises two subscales: Alternatives (13 items), assessing the ability to 
generate multiple strategies, and Control (7 items), reflecting perceived control over difficult situations. Items were rated 
on a 5-point Likert scale (1 = “strongly disagree” to 5 = “strongly agree”), with higher scores indicating greater 
flexibility. The validated Turkish version (Gülüm & Dağ)18 was employed, which shows excellent psychometric 
properties. Internal consistency in this study was high (α = 0.86 for Alternatives, 0.88 for Control, 0.92 total).

Assessment of Health-Related Quality of Life (HRQoL)
Health-related quality of life was measured with the 12-Item Short Form Health Survey (SF-12),19 which yields two 
composite scores: Physical Component Summary (PCS-12) and Mental Component Summary (MCS-12). The Turkish 
version (Soylu & Kütük)20 has demonstrated reliability. In this study, Cronbach’s alpha was 0.81 for PCS-12 and 0.79 for 
MCS-12. Higher scores reflected better HRQoL.

Survey Administration
The survey battery (CFI, SF-12, demographics) was self-administered on paper in a quiet room adjacent to the clinic and 
required 15–20 minutes. A trained research assistant was present to provide clarification if needed.

Statistical Analysis
Analyses were performed using IBM SPSS version 22.0. Normality was assessed by visual inspection and Kolmogorov– 
Smirnov/Shapiro–Wilk tests. Descriptive statistics were presented as means ± SD for continuous variables and frequencies 
(%) for categorical variables. Group comparisons (adequate vs poor glycemic control) were conducted with independent- 
samples t-tests. Pearson’s correlations examined associations between HbA1c, cognitive flexibility, and HRQoL. Effect 
sizes followed Cohen’s criteria: small (r ≥ 0.10, d ≥ 0.20), medium (r ≥ 0.30, d ≥ 0.50), and large (r ≥ 0.50, d ≥ 0.80).21 

A two-tailed p < 0.05 was considered significant. Missing data was minimal (<5%) and did not materially affect results. 
Additionally, multiple linear regression analyses controlled for age, sex, BMI, diabetes duration, and education. 
Multicollinearity diagnostics confirmed all variance inflation factors and tolerance values were within acceptable limits.

Results
Of the 310 patients approached, 268 agreed to participate, yielding a response rate of 86.5%. The descriptive character
istics of the study sample are presented in Table 1. The mean HbA1c level was 8.91 ± 2.19%. The average total score on 
the CFI was 63.26 ± 19.59, with subscale scores of 40.23 ± 12.20 for Alternatives and 23.03 ± 8.25 for Control. The 
mean scores for the SF-12 composite measures were 37.26 ± 10.10 for PCS-12 and 37.30 ± 10.58 for MCS-12 (Table 2).

Based on HbA1c thresholds, 150 participants (55.95%) were classified as having poor glycemic control (HbA1c ≥ 7%), 
while 118 (44.05%) demonstrated adequate control (HbA1c < 7%) (Table 3). Higher HbA1c (%) levels were associated 
with lower cognitive flexibility scores and poorer health-related quality of life. Pearson’s correlation analysis revealed 
statistically significant negative correlations between HbA1c (%) levels and CFI-Alternatives (r = –0.228, p = 0.035), CFI- 
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Table 1 Demographic, Clinical, and Lifestyle Characteristics of 
Participants by Glycemic Control

Participants (n = 268)

Mean ± SD

Age (years) 56.48 ± 8.32

BMI (kg/m2) 32.66 ± 8.17

Duration of disease (months) 36.32 ± 9.41

n %

Gender (%) Female 164 61.19

Male 104 38.81

Education level High School 32 11.94

University 150 55.97

Master’s Degree 86 32.09

Lifestyle Characteristics by Glycemic Control

Healthy diet Poor Glycemic Control Yes 33 22

No 117 78

Adequate Glycemic Control Yes 79 66.95

No 39 33.05

Exercise Poor Glycemic Control Yes 24 16

No 126 84

Adequate Glycemic Control Yes 70 59.32

No 48 40.68

Abbreviations: BMI, Body mass index; HbA1c, Glycated hemoglobin; m, meter; kg, kilo
gram; n, Sample size.

Table 2 Cognitive Flexibility, Quality of Life, and 
HbA1c Scores

Participants (n = 268)

Mean ± SD

HbA1c (%) 8.91 ± 2.19

CFI-Alternatives (13–65) 40.23 ± 12.20

CFI-Control (7–35) 23.03 ± 8.25

CFI-Total (20–100) 63.26 ± 19.59

PCS-12 (0–100) 37.26 ± 10.10

MCS-12 (0–100) 37.30 ± 10.58

Abbreviations: CFI, Cognitive Flexibility Inventory; PCS-12, 
Physical Component Summary; MCS-12, Mental Component 
Summary; HbA1c, Glycated hemoglobin; n, Sample size.
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Total (r = –0.208, p = 0.038), and MCS-12 (r = –0.247, p = 0.022). No significant correlations were observed between 
HbA1c and either CFI-Control or PCS-12 (Table 4).

Group comparisons revealed significant differences. Participants with adequate control scored higher on CFI- 
Alternatives (p = 0.017, d = 0.51) and MCS-12 (p = 0.023, d = 0.56), both reflecting moderate effect sizes. These 
findings indicate that adequate glycemic control is associated with better cognitive flexibility and mental health-related 
quality of life. Additional significant differences, with small effect sizes, were observed in CFI-Total (p = 0.037, d = 
0.33) and PCS-12 (p = 0.042, d = 0.21) (Table 5). In multiple linear regression analyses adjusting for age, sex, BMI, 
diabetes duration, and education, higher HbA1c (%) remained independently associated with lower cognitive flexibility 
(CFI-Alternatives) and poorer mental health-related quality of life (MCS-12). (Table 6).

Discussion
This study shows that higher HbA1c levels in adults with T2DM are associated with lower cognitive flexibility and 
poorer HRQoL, with the most consistent signal in the mental domain (MCS-12). Although the CFI does not have 

Table 3 Glycemic Control Status of Participants

Glycemic Control n %

Poor glycemic control (HbA1c ≥ 7%) 150 55.95
Adequate glycemic control (HbA1c < 7%) 118 44.05

Abbreviations: HbA1c, Glycated hemoglobin; n, Sample size.

Table 4 Correlation Between HbA1c and Cognitive Flexibility 
and Quality of Life (n = 268)

Variable Correlation Coefficient (r) p-value

CFI-Alternatives (13–65) –0.228 0.035*

CFI-Control (7–35) 0.156 0.150
CFI-Total (20–100) –0.208 0.038*

PCS-12 (0–100) 0.187 0.084

MCS-12 (0–100) –0.247 0.022*

Note: *p < 0.05; 
Abbreviations: CFI, Cognitive flexibility inventory; PCS-12, Physical component 
summary; MCS-12, Mental component summary; HbA1c, Glycated hemoglobin; n, 
Sample size.

Table 5 Comparison of Cognitive Flexibility and Quality of Life Scores by Glycemic Control

Variable HbA1c ≥ 7% 
Mean ± SD (n = 150)

HbA1c < 7% 
Mean ± SD (n = 118)

p-value Cohen’s d

CFI- Alternatives (13–65) 36.17 ± 12.81 46.13 ± 8.20 0.017* 0.51

CFI-Control 
(7–35)

23.08 ± 6.95 25.16 ± 5.44 0.065 0.82

CFI-Total 

(20–100)

55.81 ± 15.52 73.29 ± 11.02 0.037* 0.33

PCS-12 

(0–100)

35.24 ± 11.07 39.83 ± 7.18 0.042* 0.21

MCS-12 
(0–100)

32.73 ± 7.97 44.51 ± 9.56 0.023* 0.56

Note: *p < 0.05. 
Abbreviations: CFI, Cognitive flexibility inventory; PCS-12, Physical component summary; MCS-12, Mental component 
summary; HbA1c, Glycated hemoglobin; n, Sample size.

Diabetes, Metabolic Syndrome and Obesity 2026:19                                                                          https://doi.org/10.2147/DMSO.S565976                                                                                                                                                                                                                                                                                                                                                                                                       5

Bulguroglu et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



a validated clinical cut-off, participants’ average scores were below those reported in healthy samples,17,18,22 supporting 
the presence of meaningful executive-function vulnerabilities in this population.

Existing work on cognitive flexibility in T2DM is limited;23–25 however, our findings are consistent with evidence 
linking chronic hyperglycemia to executive dysfunction, particularly in domains related to cognitive control and adaptive 
functioning.26 In line with reports that glycemic variability contributes to cognitive decline,27 HbA1c correlated inversely 
with CFI indices, most notably the Alternatives subscale—an index of generating multiple problem-solving strategies. 
Participants with adequate glycemic control performed better on these indices, suggesting that more favorable metabolic 
regulation may help preserve executive resources relevant to daily self-management.

Beyond lifestyle measures, emerging pharmacological options such as GLP-1 receptor agonists may improve 
glycemic control and could plausibly yield downstream cognitive benefits,28 while structured exercise programs have 
been shown to enhance executive function and modestly reduce HbA1c.29,30 Taken together, these data underscore the 
value of multidisciplinary strategies that target both metabolic and cognitive outcomes.

Importantly, associations between HbA1c, cognitive flexibility, and HRQoL remained materially unchanged after 
adjustment for age, sex, BMI, diabetes duration, and education, indicating that the observed relationships were not 
explained by these covariates. The lack of association between HbA1c and the CFI-Control subscale may reflect its 
broader appraisal of coping, which is likely influenced by mood and stress; the absence of mood measures in the present 
study limits inferences on this pathway. Higher Alternatives scores in the adequately controlled group may partly mirror 
healthier behaviors (diet, physical activity) and educational advantages that support cognitive resilience.

With respect to HRQoL, HbA1c related inversely to MCS-12 but not PCS-12. This pattern could reflect low habitual 
physical activity and higher BMI in our cohort, factors known to weigh more heavily on physical functioning.31 While 
between-group differences in PCS-12 achieved statistical significance, the effect size was small; these findings should be 
interpreted cautiously and confirmed in larger, more physically active samples.

Clinically, our results suggest that brief screening for executive dysfunction may help identify patients at risk of 
suboptimal engagement, enabling tailored education and adherence-support interventions.32 Integrating cognitive- 
behavioral strategies with diabetes education and exercise programming may improve both self-management behaviors 
and psychosocial well-being.

Finally, given the complex, lifelong demands of T2DM, care models that integrate metabolic management with 
cognitive and psychosocial support are likely to be most effective. Dietary strategies (eg, Mediterranean or ketogenic 
approaches) and modern pharmacotherapies, including glucagon-like peptide-1 receptor agonists (eg, semaglutide, 

Table 6 Multiple Linear Regression Analyses Examining Associations of HbA1c (%) 
with Cognitive Flexibility and Mental Health-Related Quality of Life

Dependent Variable Predictor β (Standardized) SE t p-value

CFI-Alternatives HbA1c (%) –0.21 0.07 –3.05 0.003*

Age (years) –0.09 0.04 –1.34 0.181

Sex 0.06 0.89 0.92 0.358
BMI (kg/m2) –0.04 0.05 –0.61 0.542

Diabetes duration –0.07 0.03 –1.10 0.271

Education level 0.18 0.62 2.67 0.008*
MCS-12 HbA1c (%) –0.24 0.09 –3.41 0.001*

Age (years) –0.05 0.06 –0.78 0.436
Sex 0.08 1.02 1.21 0.228

BMI (kg/m2) –0.06 0.07 –0.91 0.365

Diabetes duration –0.10 0.04 –1.52 0.131
Education level 0.15 0.71 2.18 0.031*

Notes: Model adjusted for age, sex, body mass index, diabetes duration, and education level.*p < 0.05. 
Abbreviations: CFI, Cognitive flexibility inventory; MCS-12, Mental component summary; HbA1c, Glycated 
hemoglobin.
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liraglutide) and sodium–glucose cotransporter-2 inhibitors (eg, empagliflozin), have been shown to improve glycemic 
control and confer cardiometabolic benefits,33,34 reinforcing the rationale for comprehensive, patient-centered care.

Strengths and Limitations
Key strengths include the use of validated instruments, stratified analyses by glycemic control, preregistered power considera
tions with adequate sample size, and multivariable adjustment for relevant covariates. Nonetheless, several limitations merit 
consideration. First, the cross-sectional design precludes causal inference; temporal sequencing should be tested prospectively. 
Second, the single-center setting may limit generalizability; replication across multiple sites with broader cultural and socio
economic diversity is warranted. Third, cognitive flexibility was assessed via self-report rather than performance-based 
neuropsychological tasks, introducing potential response bias; future work should combine both modalities. Fourth, mood and 
diabetes-distress measures were not collected, constraining insight into affective pathways that likely influence both cognition 
and adherence. Finally, despite adjusting for major covariates, residual confounding cannot be excluded.

Future Directions
Prospective and interventional studies should test whether enhancing cognitive flexibility—through targeted cognitive 
training, structured education, cognitive-behavioral therapy, and exercise—produces sustained improvements in HbA1c, 
adherence behaviors, and HRQoL. Incorporating performance-based executive-function tests alongside self-report 
measures, assessing mood/diabetes distress, and sampling diverse, multi-center cohorts will clarify mechanisms and 
improve external validity. Trials that integrate lifestyle and pharmacologic optimization with cognitive-focused beha
vioral components may be especially informative for real-world diabetes care.

Conclusion
Poor glycemic control in adults with T2DM was associated with reduced cognitive flexibility and impaired mental health- 
related quality of life. These findings identify cognitive flexibility as a potentially modifiable factor that may play a role 
in diabetes self-management and patient engagement. Incorporating cognitive and psychosocial assessments into routine 
diabetes care may help clinicians personalize education and optimize outcomes. Further studies are needed to clarify the 
role of cognitive flexibility in treatment adherence and long-term disease management.

Abbreviations
HbA1c, Glycated hemoglobin; T2DM, Type 2 diabetes mellitus; HRQoL, Health-related quality of life; CFI, Cognitive 
flexibility inventory; SF-12, 12-item short-form health survey; MCS-12, SF-12 mental component summary; PCS-12, 
SF-12 physical component summary; BMI, Body mass index.
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