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Objective: This study aims to explore the latent profile characteristics of cognitive function in older adults living with diabetes and
analyze the influencing factors, providing theoretical evidence for early intervention.

Methods: A cross-sectional study design was used to select older adults living with diabetes hospitalized at a tertiary hospital as the
study population. Cognitive function was assessed using the Mini-Mental State Examination (MMSE). Demographic characteristics,
disease-related data (such as duration of diabetes, BMI, and HbAlc levels), and lifestyle factors (such as sleep quality, physical
activity, and social support) were collected. Latent profile analysis (LPA) was employed to classify cognitive function, and ordered
multinomial logistic regression was performed to analyze the influencing factors of each cognitive profile.

Results: A total of 564 patients were included. Latent profile analysis of cognitive impairment identified three categories: complete
cognitive impairment (12.82%), partial cognitive impairment (54.74%), and at-risk cognitive impairment (32.44%). Logistic regres-
sion analysis revealed that gender, education level, duration of diabetes, HbAlc, diverse intellectual activities, and nutrition were
independent factors influencing cognitive impairment (P<0.05).

Conclusion: Cognitive impairment in older adults living with diabetes exhibits distinct profile characteristics and is influenced by
multiple factors. Interventions should focus on improving blood glucose control, promoting diverse intellectual activities, and
enhancing social support to delay the decline in cognitive function.
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Introduction
With the acceleration of population aging, the prevalence of diabetes among the older adults has significantly increased.’
A systematic review and meta-analysis reported that up to 45% of patients with type 2 diabetes exhibit cognitive
impairment,” which can adversely affect their daily functioning and treatment adherence, further complicating disease
management and increasing the risk of early mortality, leading to a higher risk of early mortality. The onset of cognitive
impairment results from a combination of multiple factors. Studies have shown that physiological mechanisms such as
hyperglycemia, elevated inflammation, vascular damage, and insulin resistance in older adults living with diabetes may
directly impair cognitive function®* Furthermore, individual psychosocial factors (such as lack of social support and
depression) and lifestyle behaviors (such as irregular sleep patterns and lack of physical activity) are also closely
associated with cognitive impairment.>® However, there is still insufficient research on the diversity of cognitive function
in living with diabetes, and studies focusing on different cognitive profile groups are inadequate.

Despite previous studies identifying various risk factors for cognitive impairment in older adults with diabetes, most
research has primarily focused on overall prevalence rates or examined linear associations with single factors. Limited
attention has been given to the heterogeneity of cognitive performance within this population, and evidence regarding the
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coexistence of distinct cognitive subtypes is still lacking. This gap partially restricts the development and implementation
of targeted, precision interventions.

Latent Profile Analysis (LPA) is a person-centered statistical approach that classifies individuals based on patterns of
observed indicators.” Unlike traditional methods that rely on overall cognitive scores (eg, MMSE total score), LPA can
utilize domain-specific MMSE scores to identify distinct cognitive function profiles, thereby providing a more nuanced
understanding of heterogeneity and potentially revealing subgroups with different prognostic risks.

Accordingly, this study aimed to explore the latent profile characteristics of cognitive function in older adults with
diabetes using LPA and to analyze associated factors. The findings are intended to provide theoretical evidence for
developing personalized intervention strategies. By identifying and comparing distinct cognitive profiles, this study may
enhance the understanding of cognitive impairment in this population, inform early screening and intervention in clinical
practice, and ultimately improve quality of life while reducing the societal and familial burden of disease.

Methods

Participants

A convenience sampling method was used to select older adults (age >60 years) living with type 2 diabetes hospitalized
at a tertiary hospital in Zhejiang Province from December 2023 to November 2024. The inclusion criteria were as
follows: (1) age > 60 years; (2) diagnosis of type 2 diabetes according to the 1999 World Health Organization (WHO)
criteria;* (3) stable chronic condition,defined as no acute exacerbation of diabetes or other major chronic diseases (eg,
hypertension, cardiovascular disease) in the past month; (4) informed consent. The exclusion criteria were: (1) patients
diagnosed with dementia or psychiatric disorders; (2) patients with severe visual or auditory impairments; (3) patients
unable to complete the survey due to severe illness.

Sample Size Estimation

The sample size was estimated using the formula for cross-sectional studies: N =72,,xP (1-P) /5°, whereo=0.05, 7%?=1.96,
P is the prevalence rate and d is the allowable margin of error. According to a literature review, the prevalence of cognitive
impairment in older adults living with diabetes is approximately 45%,” with &= 0.06. The required sample size was calculated
to be 264 participants. Assuming a 90% effective response rate, the required sample size was adjusted to N = 294.

In this study, 571 patients were initially recruited; after applying inclusion and exclusion criteria (n = 3) and
accounting for withdrawal of informed consent (n = 4), a total of 564 eligible participants were ultimately included.
The final sample size exceeded the minimum requirement, ensuring adequate statistical power and transparency of the
sampling process.

Instrument Design
The assessment tool consisted of 6 sections as follows:

Section |: Socio-Demographic and Diabetes-Related Information

A self-designed, validated Chinese-language general information questionnaire was designed based on a literature review
of diabetes and cognitive frailty, as well as expert opinions and group discussions. The questionnaire primarily covered
the following aspects: (1) Demographic and sociological information: gender, age, education level, marital status,
occupation, living arrangements, and personal monthly income; (2) Health behaviors and lifestyle: including regular
physical exercise and engagement in diverse intellectual activities.

Section 2 Mini Mental State Examination (MMSE)

Developed by Folstein et al® in 1975, the Mini-Mental State Examination (MMSE) is a widely used and influential tool
for assessing and screening cognitive function both domestically and internationally. It includes five dimensions:
orientation, memory, attention and calculation, recall ability, and language ability, with a total score of 30 points. The
scoring criteria are as follows: normal cognition: 24 points and above; mild cognitive impairment: 18-23 points;
moderate to severe cognitive impairment: 17 points and below.’
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Section 3 Mini Nutritional Assessment Short-Form (MNA-SF)

Developed by Rubenstein et al'® as a simplified version of the Mini Nutritional Assessment (MNA), the scale consists of
6 items with a total score of 14 points. A score of 0—7 points indicates malnutrition, 811 points indicates a risk of
malnutrition, and 12—14 points indicates normal nutritional status. The scale has a Cronbach’s a coefficient of 0.711 and
is one of the primary nutritional screening tools for older adults patients.

Section 4 Athens Insomnia Scale (AlS)
Developed by American scholar Soldatos et al,'" this scale is used to assess sleep quality over the past month. The scale
consists of 8 items, with each item scored from 0 to 3, yielding a maximum score of 24 points. A higher score indicates
poorer sleep quality. A score of <4 points indicates no sleep disturbance, 4—6 points suggests suspected insomnia, and >6
points indicates insomnia. The scale has a Cronbach’s a coefficient of 0.884 and is internationally recognized as
a standard tool for assessing sleep quality.

Section 5 5-ltem Geriatric Depression Scale (GDS-5)

Developed by Hoyl et al'? as a simplified version of the GDS-15, this scale is an effective tool for screening depression
in older adults individuals. The scale consists of 5 items, each scored from 0 to 1, with a maximum score of 5 points.
A higher score indicates greater severity of depression. A score of >2 points indicates the presence of depression. The
sensitivity of this scale for screening depression is 94%, with a specificity of 81%, and it shows significant consistency

with clinical depression diagnoses.

Section 6 Social Support Rating Scale (SSRS)

Developed by Chinese scholar Xiao Shuiyuan,'? this scale consists of 10 items across 3 dimensions, with a score range of
12-66 points. A higher score indicates better social support. A total score <22 points indicates low social support, 23—44
points indicates moderate social support, and >45 points indicates high social support. The scale has a Cronbach’s o
coefficient of 0.92 and is widely used in the Chinese medical community.

Statistical Analysis

Statistical data analysis was performed using SPSS 25.0 software. Normally distributed continuous variables are presented
as mean =+ standard deviation (x £ s), while categorical variables are expressed as frequencies and percentages (%). Group
comparisons were conducted using the chi-square ()2) test. Multivariate analysis was performed using ordered multinomial
logistic regression. A significance level of P < 0.05 was set. Data descriptive statistics and analysis were conducted using
SPSS 25.0 software.

Latent profile analysis (LPA) was performed using Mplus 8.0 software, based on the five domain scores of the Mini-
Mental State Examination (MMSE) (orientation, memory, attention/calculation, language, visuospatial ability), rather
than the total score. All domain scores were standardized prior to analysis. Missing data were handled using Full
Information Maximum Likelihood (FIML) to utilize all available information,'* and local independence was assessed by
examining within-class correlations to ensure that, conditional on the latent class, the MMSE domain scores were
independent.

The number of categories in the model was gradually increased from the initial model until the model fit was
optimized. Model fit indices included Akaike Information Criterion (AIC), Bayesian Information Criterion (BIC),
Adjusted Bayesian Information Criterion (a BIC), entropy, Lo-Mendell-Rubin Test (LMRT), and Bootstrap-based like-
lihood ratio tests. When the changes in AIC, BIC, and a BIC were small, entropy > 0.8 (with values ranging from 0 to 1,
where entropy > 0.8 indicates a classification accuracy of 90%), and the LMRT showed significant differences (P < 0.05),
it indicated that the k-profile model was superior to the k-1 profile model. A P value of < 0.05 was considered statistically
significant. Besides, MMSE cutoffs were used without education adjustment, consistent with prior studies,” while
education was analyzed as an independent factor. The Brant test indicated no violation of the proportional odds
assumption (x*=8.13, df=6, p=0.23), supporting the use of the ordered logistic regression model.
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Ethical Consideration

The study was approved by the Zhejiang Provincial People’s Hospital’s Research Ethics Committee (ZJPPHEC20221
(079)). Written informed consent was obtained from all participants in the study. Before completing the survey, the
participants were informed that their participation in this study would not pose any harm and that all the provided
information would be kept confidential.

Result

Demographics and Clinical Characteristics of Participants

A total of 564 patients were included in this study, of whom 289 were male (51.2%) and 275 were female (48.8%). The
age distribution was as follows: 237 patients (42.0%) were aged 60—-69 years, 242 patients (42.9%) were aged 70-79
years, and 85 patients (15.1%) were aged 80 years or older. Most participants were younger-old (60-79 years), with
a smaller proportion of the oldest-old (=80 years). Detailed demographic information is shown in Table 2.

Results of Latent Profile Analysis of Cognitive Impairment in Older Adults Living with

Diabetes

In this study, four latent profiles were fitted, and the third model was identified as the best model. The values of the fit
indices are shown in Table 1. As the number of model categories increased, AIC, BIC, and aBIC gradually decreased.
When the number of categories was set to 3, AIC, BIC, and aBIC were relatively small, the Entropy value was
maximized, and both LMRT and BLRT values were statistically significant (P < 0.05), indicating the best model fit.
Although the fourth model had the smallest AIC, BIC, and aBIC values, its Entropy was also smaller. Considering all
factors, the third model was determined to be the most optimal.

Figure 1 shows the scores on the five dimensions of the Mini-Mental State Examination (MMSE) in older adults
living with diabetes. Category 1 exhibited low scores across all dimensions, with significant cognitive impairment, and
was thus labeled as “Complete Cognitive Impairment,” accounting for 12.82% of the total sample. Category 2 had
relatively higher average scores, indicating mild cognitive impairment or a potential risk of cognitive decline, and was
therefore labeled as “At-risk Cognitive Impairment,” representing 54.74% of the total sample. Category 3 patients
exhibited intermediate deficits, especially in memory and attention, corresponding to “Partial Cognitive Impairment”
(32.44%).

Table | Fit Indices of Latent Profile Analysis for Cognitive Impairment in Older Adults Living with Diabetes

Number of Profiles | AIC BIC aBIC Entropy | LMRT | BLRT | Category Probability

10402.620 | 10445.970 | 10414.225 - - -

9518.455 9587.816 9537.024 | 0.891 0.0000 | 0.0000 | 0.53014/0.46986

8890.266 | 8985.638 | 8915.798 | 0.976 0.0000 | 0.0000 | 0.12822/0.54736/0.32442
8614.002 | 8735.383 8646.497 | 0919 0.0189 | 0.0000 | 0.12589/0.31206/0.25355/0.30851

A W N -

Note: AIC stands for Akaike Information Criterion, BIC stands for Bayesian Information Criterion, aBIC stands for Adjusted Bayesian Information Criterion,
Entropy refers to Information Entropy, LMRT refers to the Lo-Mendell-Rubin adjusted likelihood ratio test, and BLRT refers to the Bootstrap likelihood ratio
test.

Univariate Analysis of Cognitive Impairment in Older Adults Living with Diabetes
The univariate analysis results show that the following variables, including age, occupation type, living arrangements,
personal monthly income, BMI, marital status, smoking and drinking habits, fasting blood glucose, number of comorbid
chronic diseases, regular physical activity, and depression, did not show significant statistical differences (P > 0.05). This
suggests that these common demographic and lifestyle characteristics may not be the primary drivers of cognitive
impairment heterogeneity in this cohort.
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Figure | Three Latent Profiles of Cognitive Impairment in older adults living with diabetes.
Note: C| - Complete Cognitive Impairment Group (n = 73, 12.82%), C2 - Partial Cognitive Impairment Group (n = 309, 54.74%), C3 - At-risk cognitive impairment Group
(n = 182, 32.44%), Error bars represent standard errors (+SE).

However, the following factors, including gender, education level, duration of diabetes, HbAlc, intellectual activities,
nutrition status, social support, and sleep condition, showed significant statistical differences between the groups (P < 0.05), as
shown in Table 2. Specifically, women, individuals with lower education, longer diabetes duration, poorer glycemic control,
malnutrition, insufficient cognitive activities, and inadequate sleep were more frequently represented in the cognitively
impaired groups. These findings highlight modifiable clinical and lifestyle factors that could be targeted in interventions.

Table 2 Univariate Analysis of Demographic Data and Cognitive Impairment Profiles (n=564)

Variables Groups Sample Size (%) Latent Profile Analysis
Cl (n=73) | C2 (n=309) | C3 (n=182) x? P
Gender[n, %] 17.869 | <0.001
Male 289 (51.2) 10 (13.7) 166 (53.7) 113 (62.1)
Female 275 (48.8) 63 (86.3) 143 (46.3) 69 (37.9)
Age[n, %] 1.577 0.208
60~69 years old 237 (42.0) 23 (31.5) 114 (36.9) 100 (54.9)
70~79 years old 242 (42.9) 38 (52.1) 137 (44.3) 67 (36.8)
280 years old 85 (I5.1) 12 (16.4) 58 (18.8) 15 (8.2)
Education Level [n, %] 3.885 0.009
Primary school and below 251 (44.5) 32 (43.8) 160 (51.8) 59 (32.4)
Junior high school 161 (28.5) 18 (24.7) 86 (27.8) 57 31.3)
High school/Technical school 89 (15.8) 13 (17.8) 36 (11.7) 40 (22.0)
College and above 63 (11.2) 10 (13.7) 27 (8.7) 26 (14.3)
Marital Status[n, %] 1.256 0.286
Unmarried 2 (0.4) 0 (0.0) 0 (0.0) 2 (1.1)
Married 496 (87.9) 69 (94.5) 270 (87.4) 157 (86.3)
Divorced/Widowed 66 (11.7) 4 (5.5) 39 (12.6) 23 (12.6)
Occupation Type [n, %] 0.063 0.803
Physical Labor 344 (61.0) 44 (60.3) 190 (61.5) 110 (60.4)
Non-Physical Labor 220 (39.0) 29 (39.7) 119 (38.5) 72 (39.6)
Living Arrangement [n, %] 0.065 0.799
Living Alone 66 (11.7) 9 (12.3) 38 (12.3) 19 (10.4)
Not Living Alone 498 (88.3) 64 (87.7) 271 (87.7) 163 (89.6)

(Continued)
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Table 2 (Continued).

Variables Groups Sample Size (%) Latent Profile Analysis
Cl (n=73) | C2(n=309) | C3 (n=182) x? P
Monthly Personal Income (CNY) 2.481 0.060
<1000 89 (15.8) 12 (16.4) 55 (17.8) 22 (12.1)
1000~2999 97 (17.2) 12 (16.4) 63 (20.4) 22 (12.1)
3000~4999 160 (28.4) 16 (21.9) 88 (28.5) 56 (30.8)
25000 218 (38.7) 33 (45.2) 103 (33.3) 82 (45.1)
BMI (kg/m?) 2.103 0.099
<185 21 (3.7) 2(27) 18 (5.8) 1 (0.5)
18.5~23.9 283 (50.2) 41 (56.2) 148 (47.9) 94 (51.6)
24.0~27.9 206 (36.5) 23 (31.5) 110 (35.6) 73 (40.1)
2280 54 (9.6) 7 (9.6) 33 (10.7) 14 (7.7)
Duration of Diabetes (year) 182.427 | 0.001
<5 211 (37.4) 21 (28.8) 139 (45.0) 51 (28.0)
5~9 203 (36.0) 7 (9.6) 170 (55.0) 26 (14.3)
=10 150 (26.6) 45 (61.6) 0 (0.0 105 (57.7)
Fasting Blood Glucose (mmol/L) 0.273 0.761
<7 230 (40.8) 20 (27.4) 122 (39.5) 88 (48.4)
7~9.9 271 (48.0) 46 (63.0) 156 (50.5) 69 (37.9)
210 63 (11.2) 7 (9.6) 31 (10.0) 25 (13.7)
Glycated Hemoglobin (%) 114.674 | <0.001
<7 225 (39.9) 14 (19.2) 166 (53.7) 45 (24.7)
7~84 219 (38.8) 22 (30.1) 143 (46.3) 54 (29.7)
285 120 (21.3) 37 (50.7) 0 (0.0) 83 (45.6)
Comorbid Chronic Diseases (Number) 2914 0.055
0 diseases 32 (5.7) 0 (0.0) 9 (29) 23 (12.6)
|~2diseases 189 (33.5) 28 (38.4) 92 (29.8) 69 (37.9)
23diseases 343 (60.8) 45 (61.6) 208 (67.3) 90 (49.5)
Smoking and Alcohol Consumption [n, %] 0.013 0910
Yes 100 (15.4) 44 (60.3) 24 (7.8) 32 (17.6)
No 464 (84.6) 29 (39.7) 285 (92.2) 150 (82.4)
Regular Exercise [n, %] 3.549 0.060
Yes 440 (78.0) 60 (82.2) 231 (74.8) 149 (81.9)
No 124 (22.0) 13 (17.8) 78 (25.2) 33 (18.1)
Diverse Cognitive Activities [n, %] 21.660 | <0.001
Yes 289 (66.8) 19 (26.0) 125 (40.5) 145 (79.7)
No 275 (33.2) 54 (74.0) 184 (59.5) 37 (203)
Nutritional Status [n, %] 141.038 | <0.001
Malnutrition 138 (24.5) 6 (82) 125 (40.5) 7 (3.8)
At risk of malnutrition 280 (49.6) 32 (43.8) 184 (59.5) 64 (35.2)
Normal nutrition 146 (25.9) 35 (47.9) 0 (0.0) 111 (61.0)
Sleep Status [n, %] 9.949 <0.001
No sleep disorder 342 (60.6) 37 (50.7) 183 (59.2) 122 (67.0)
Suspected insomnia 96 (17.0) 28 (38.4) 44 (14.2) 24 (13.2)
Insomnia 126 (22.3) 8 (11.0) 82 (26.5) 36 (19.8)
Depression [n, %] 0.564 0.453
Yes 27 (4.8) 1(1.4) 15 (4.9) 11 (6.0)
No 537 (95.2) 72 (98.6) 294 (95.1) 171 (94.0)
Social Support [n, %] 4.646 0.010
Low level 27 (4.8) 0 (0.0 21 (6.8) 6 (3.3)
Moderate level 523 (92.7) 73 (100.0) 286 (92.6) 164 (90.1)
High level 14 (2.5) 0 (0.0 2 (0.6) 12 (6.6)
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Multivariate Analysis of Cognitive Impairment in Older Adults Living with Diabetes
Ordered multinomial logistic regression was used for multivariate analysis, with the three cognitive impairment

113

categories in older adults living with diabetes as the dependent variable, and the “ at-risk cognitive impairment
Group” category as the reference group. Variables with statistically significant results from the univariate analysis
were assigned as independent variables, with the assignment method detailed in Table 3.

The results of this study indicate that gender, education level, diabetes duration, HbAlc, diversified intellectual
activities, and nutritional status are independent influencing factors for cognitive impairment in older adults living with

diabetes (P < 0.05), as shown in Table 4.

Table 3 Method of Assigning Independent Variables

Variables Assignment Method

|.Gender Female=1; Male=2

2.Education Level Primary school and below=1; Junior high school=2; High school/Technical school=3; College and above=4
3.Diabetes Duration <5 years=I; 5-9 years=2; 210 years=3

4.Glycated Hemoglobin <7=1; 7-8.4=2; = 8.5=3

5.Diverse Intellectual Activities | Yes=I|; No=2

6.Nutrition Malnutrition=1; At risk of malnutrition=2; Normal nutrition=3

7.Sleep: No sleep disorder=1; Suspected insomnia=2; Insomnia=3

8.Social Support Low level=1; Moderate level=2; High level=3

Table 4 Logistic Regression Analysis of the Factors Influencing Cognitive Frailty in Older Adults Living
with Diabetes

Independent Variables ORI/p SE Waldx2 P 95% ClI
Threshold
(Reference: At-risk cognitive impairment)

Group - Complete Cognitive Impairment 2.334 (B) | 0.804 | 8.433 0.004 [0.759,3.909]

Group - Partial Cognitive Impairment 6.230 (B) | 0.887 | 49.350 <0.001 | [4.492,7.969]
Gender (Reference: Male)

Female 2.924 0.244 | 19.392 <0.001 | [1.813,4.717]
Education Level (Reference: College or Above)

Primary School or Below 2.680 0.376 | 6.883 0.009 [1.283, 5.601]

Junior High School 1.602 0.379 | 1.548 0.213 [0.762, 3.366]

Senior High School/Technical Secondary School | 0.577 0.408 | 0.018 0.893 [0.259, 1.284]
Duration of Diabetes (Reference: 210 years)

<5 years 4.455 0.290 | 26.597 | <0.001 | [2.523, 7.865]

5-9 years 12.923 0.338 | 57.350 | <0.001 | [6.663, 25.065]
Glycated Hemoglobin (Reference: >8.5)

<7% 10.517 0.329 | 51.191 <0.001 | [5.519, 20.042]

7-8.4% 5.859 0.308 | 33.029 <0.001 | [3.204, 10.715]
Diverse Cognitive Activities (Reference: No)

Yes 3611 0.243 | 28.029 <0.001 | [2.243, 5.814]
Nutritional Status (Reference: Normal Nutrition)

Malnutrition 34.570 0.424 | 69.808 <0.001 | [15.059, 79.364]

At Risk of Malnutrition 10.309 0.296 | 62277 | <0.001 | [5.771, 18.415]
Sleep (Reference: Insomnia)

No Sleep Disturbance 1.154 0.298 | 0.231 0.631 [0.643, 2.069]

Suspected Insomnia 0.573 0.380 | 2.146 0.143 [0.272, 1.208]
Social Support (Reference: High Level)

Low Level 1.223 0.945 | 0.045 0.832 [0.192, 7.793]

Moderate Level 0.487 0.662 | 1.183 0.277 [0.133, 1.782]

Abbreviations: , Partial Regression Coefficient; SE, Standard Error; Walde, Wald Chi-square Value.
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Discussion
Cognitive Impairment Stratification and Overall Trends in Older Adults Diabetes

Patients

In recent years, the association between diabetes and cognitive impairment has been increasingly recognized. The present
study adds to this evidence by identifying three distinct cognitive profiles among older adults with type 2 diabetes through
latent profile analysis: complete impairment, partial impairment, and an at-risk impairment. This classification underscores
the heterogeneity of cognitive decline in this population and highlights the importance of tailored intervention strategies.
Beyond overall prevalence, we further examined demographic, clinical, and lifestyle factors associated with cognitive status,
providing insights into potential targets for early prevention and management. These findings underscore the importance of
early identification and intervention, which is consistent with the findings of Militaru et al (2024), who used the MMSE to
show that type 2 diabetes combined with atrial fibrillation significantly increased the risk of cognitive decline, emphasizing
the interaction between metabolic and cardiovascular comorbidities in accelerating cognitive deterioration.'

Gender and Education Level are Key Factors in Cognitive Impairment Among Older
Adults Living with Diabetes

This study found that gender and education level are important factors influencing cognitive impairment in older adults
living with diabetes. Analysis revealed that female patients have a significantly higher risk of cognitive impairment than
males, which may be related to various physiological and social factors. On one hand, the sharp decline in estrogen levels
after menopause may negatively impact the central nervous system, accelerating neurodegenerative changes,
a mechanism also observed in neurodegenerative diseases like Alzheimer’s disease.'® On the other hand, women
typically take on more caregiving roles in family and society, which may lead to increased psychological stress, further
affecting cognitive function. Patients with lower education levels (elementary school or below) have a significantly
higher risk of cognitive impairment. This aligns with the cognitive reserve theory, which suggests that individuals with
higher cognitive reserve (eg, those with longer education) are better able to cope with cognitive decline through more
flexible and efficient neural networks, while those with lower education may lack this adaptability.'’

Further analysis of cognitive impairment stratification showed that gender and education level also play crucial roles
in the graded transition of cognitive impairment. In the transition from risk-type to partial and complete cognitive
impairment, the risk for female patients may accumulate, suggesting that this group should be a focus for early
intervention. Meanwhile, patients with lower education levels show a higher risk across different cognitive stages,
emphasizing the need for education and cognitive training before cognitive function becomes severely impaired to
enhance cognitive reserve.

Diabetes Duration and Blood Glucose Control Significantly Impact Cognitive
Impairment in Older Adults Living with Diabetes

Diabetes duration, blood glucose control, and nutritional status are significant factors influencing cognitive impairment in
older adults living with diabetes. The risk of cognitive impairment increases with longer diabetes duration. Patients with
a duration of less than 5 years have a significantly lower risk, while those with a 5-9 year duration show a notable
increase in risk. This trend suggests that prolonged high blood glucose levels may exacerbate oxidative stress and chronic
inflammation, leading to microvascular changes and neuronal damage, which in turn contribute to cognitive decline.'®

Blood glucose control is also an independent factor influencing cognitive function. Studies show that patients with an
HbAlc level below 7% have a lower risk of cognitive impairment, while those with an HbA1c between 7%-8.4% exhibit
a significantly higher risk. This suggests that poor long-term blood glucose control is associated with more severe
cognitive impairment. Previous research has also demonstrated that higher HbA1c levels are significantly correlated with
brain volume reduction and impaired executive function in older adults living with diabetes.'® Therefore, blood glucose
management in diabetes patients should focus not only on minimizing short-term fluctuations but also on long-term
stability to reduce the cumulative cognitive damage caused by chronic hyperglycemia.
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In addition to the unidirectional effect of diabetes on cognitive decline, previous studies have highlighted
a bidirectional relationship between the two conditions. On one hand, diabetes increases the risk of cognitive impairment
through mechanisms such as insulin resistance, chronic hyperglycemia, vascular injury, and neuroinflammation.?’ On the
other hand, cognitive impairment may exacerbate diabetes progression by reducing patients’ ability to adhere to
treatment regimens, monitor blood glucose, and maintain a healthy lifestyle.?' In particular, impaired executive function
and memory deficits can result in poor medication compliance, irregular diet, and higher risk of hypoglycemia, which in
turn further deteriorate glycemic control. This vicious cycle underscores the importance of simultaneously addressing
both metabolic and cognitive health in elderly diabetes patients, suggesting that comprehensive management strategies
should include regular cognitive screening and early interventions to break this cycle.

The Impact of Intellectual Activities, Depression, and Nutrition on Cognitive

Impairment in Older Adults Living with Diabetes

This study found that the frequency of intellectual activity participation and nutritional status are important protective
factors for cognitive impairment in older adults living with diabetes. Patients who frequently engaged in intellectual
activities had a significantly lower risk of cognitive impairment compared to those with lower participation frequencies.
Diverse intellectual activities, such as reading, playing chess, writing, or socializing, not only promote neuroplasticity but
also help delay cognitive decline by activating cognitive networks and increasing cognitive reserve.”* Particularly in
older age, engaging in cognitively stimulating activities is considered one of the most effective strategies for reducing the
risk of dementia.

Good nutritional status plays a crucial protective role in cognitive function. Malnourished patients face a significantly
higher risk of cognitive impairment, highlighting the importance of nutrition in maintaining brain health. In particular,
deficiencies in specific micronutrients (such as vitamin B12, vitamin D, and polyunsaturated fatty acids) may accelerate
neuronal degeneration and cognitive decline.”® Studies have shown that deficiencies in vitamin B12 and folic acid are
closely associated with cognitive impairment, while unsaturated fatty acids have anti-inflammatory and neuroprotective
effects that help improve cognitive status®>>* Therefore, in the comprehensive management of living with diabetes,
dietary intervention should be a key measure. Personalized nutrition guidance and dietary supplementation can optimize
patient health and further reduce the risk of cognitive impairment.

In addition, this study used the Geriatric Depression Scale (GDS) to assess depressive symptoms. However, unlike
some previous studies reporting a frequent co-occurrence of cognitive decline and depression,” depression was not
significant in our univariate analysis and was therefore not included in the latent profile stratification model. This
discrepancy may be related to differences in sample size, patient population, cultural background, or the sensitivity of
assessment tools. Nevertheless, previous research has suggested that depression may indirectly contribute to cognitive
decline through mechanisms such as increased arterial stiffness and diastolic dysfunction, which warrants further
investigation in larger-scale studies.”’

Limitations
This study has several limitations. First, the cross-sectional design limits the ability to infer causal relationships, and the
findings should be interpreted as associations only. Second, the study was conducted in a single tertiary hospital, which
may restrict the generalizability of the findings to broader populations of older adults with diabetes. Third, although the
MMSE is widely used, it is a screening tool with limited sensitivity for detecting subtle cognitive changes. Fourth,
psychosocial and lifestyle factors were assessed via self-report, which may introduce recall or social desirability bias.
Furthermore, although we collected the number of diabetes-related comorbidities, we did not analyze the potential
impact of specific comorbidities, including dyslipidemia, on cognitive outcomes. This represents an important limitation
of the study. In addition, while we collected data on diabetes duration and fasting blood glucose levels, detailed
information on the frequency of hypoglycemic events was not recorded. Although such information could be obtained

from medical records, due to time and resource constraints, this variable was not included in the present analysis. Given
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the wide variety and scattered distribution of comorbidities, only the overall number of comorbid conditions was
presented in the Results section, without examining individual comorbidities in detail.

Future multi-center, longitudinal, and interventional studies are warranted to validate, expand, and refine these findings,
and to further investigate the effects of specific comorbidities on cognitive function in older adults with diabetes.

Conclusion

This study used Latent Profile Analysis (LPA) to explore the latent categorical characteristics of cognitive function in
older adults living with diabetes. The patients were categorized into three groups: complete cognitive impairment, partial
cognitive impairment, and at-risk cognitive impairment, which enhances understanding of the heterogeneity of cognitive
dysfunction in older adults living with diabetes. Additionally, the study identified factors associated with cognitive
impairment, such as gender, education level, diabetes duration, HbAlc levels, diversified cognitive activities, and
nutritional status. By comparing different cognitive function categories, the study revealed which factors impact specific
categories, providing preliminary evidence to inform risk stratification and potential management approaches for older
adults living with diabetes. Future research should validate these associations through longitudinal and interventional
studies before firm recommendations for clinical interventions can be made.

Trial Registration
This study was a cross-sectional observational study and therefore was not registered in a clinical trial registry, as it did
not involve any health-related interventions or prospective assignment of participants to different treatment groups.

Use of the Chinese MMSE

An unauthorized version of the Chinese MMSE was used by the study team without permission, however this has now
been rectified with PAR (Invoice IN-00524826). The MMSE is a copyrighted instrument and may not be used or
reproduced in whole or in part, in any form or language, or by any means without written permission of PAR.

Data Sharing Statement

The datasets generated and/or analysed during the current study are not publicly available due [The work of this
manuscript is a part of a research project which is currently not finished.] but are available from the corresponding
author on reasonable request.

Ethics Approval and Consent to Participate

The study was approved by the Zhejiang Provincial People’s Hospital’s Research Ethics Committee (ZJPPHEC20221
(079)). All participants provided written informed consent prior to enrollment. All methods were performed in
accordance with the Declaration of Helsinki.

Funding
This research was funded by the Zhejiang Provincial Medical and Health Science and Technology Plan (2022KY 586).

Disclosure
All authors declare no competing interests.
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