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Purpose: Diabetes is a well-recognized risk factor for cognitive frailty. This study aimed to investigate the influencing factors of
cognitive frailty in elderly patients with diabetes and develop a nomogram for its assessment.

Methods: We collected the clinical data of diabetic patients aged 60 years or older and the patients were divided into training and
validation cohorts at a ratio of 7:3. In the training cohort, logistic regression was used to screen out the influencing factors of cognitive
frailty in elderly diabetic patients, and a risk prediction model and nomogram were constructed and verified in the validation cohort.
The performance of the model was evaluated using various measures, including the area under the receiver operating characteristic
curve, calibration curve, Hosmer-Lemeshow test and decision curve analysis.

Results: A total of 315 elderly diabetic patients were included, of which 87 (27.6%) patients had cognitive frailty. Age, albumin
levels, calf circumference, duration of diabetes, intellectual activity, and depressive state were identified as independent risk factors for
cognitive frailty in older patients with diabetes (P < 0.05). The training cohort and validation cohort demonstrated area under curve
(AUC) values of 0.866 and 0.821, respectively.

Conclusion: Older patients with diabetes have a higher prevalence of cognitive frailty. The nomogram model exhibited satisfactory
calibration and identification, providing a reliable tool for assessing the risk of cognitive frailty in individuals with diabetes.
Keywords: cognitive frailty, diabetes, nomogram, prediction, risk factors

Introduction
The rapid increase in the elderly population has led to aging becoming a significant global social issue, with frailty
among the elderly emerging as a major challenge.' Frailty is a medical syndrome characterized by diminished strength,
endurance, and physiological function, making individuals more vulnerable to increased dependency and mortality.” It is
a prevalent health concern in the aging process, involving the loss of physiological reserves, decline in muscle quantity
and quality, impaired physiological function, reduced resistance to stressors, and physiological and pathological changes
across multiple systems such as muscle, metabolism, and immunity.>* Frailty represents a critical stage and an
intermediate state of age-related decline, with chronic diseases exacerbating the decline of physiological reserve function
in multiple systems, thereby increasing the risk of falls, disability, dementia, hospitalization, and mortality.>’ Among the
subtypes of frailty, cognitive frailty has gained significant attention as an important concept in modern medicine.
Cognitive frailty is a heterogeneous clinical manifestation characterized by the coexistence of physical frailty and
cognitive impairment.® The prevalence of cognitive frailty was 1.0%-22%, and the prevalence of cognitive frailty in the
elderly in the clinical environment was higher than that in the community.” Diabetes, one of the most prevalent chronic
diseases worldwide, has been identified as a risk factor for cognitive frailty.'®'" The underlying mechanism linking
cognitive frailty and diabetes remains unclear, although potential common mechanisms and associations with insulin
resistance or metabolic syndrome have been suggested.®'? Co-occurring cognitive frailty in individuals with diabetes
further increases the risk of adverse outcomes in the elderly population.'® Cognitive frailty represents a form of
pathological brain aging and a precursor to neurodegenerative processes, with potential for reversibility. However,
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once cognitive frailty has manifested, complete reversal becomes challenging. Consequently, there is an urgent need to
develop convenient and efficient early warning tools.

Nomograms, as practical and user-friendly prediction tools, have gained popularity due to their ability to quantify the
probability of clinical events. The nomogram integrates the influence of each influencing factor on the outcome variable
through multi-factor regression, assigns points to each value level of each influencing factor, and then quickly scores
each risk factor and summarizes the scores.'* The prediction probability corresponding to the final total score is the
probability of occurrence of outcome events. The nomogram helps medical staff to make clinical decisions quickly,
formulate intervention strategies to delay the process of cognitive frailty in the elderly, and even reverse the development
of cognitive frailty. Therefore, the objective of this study is to analyze the influencing factors of cognitive frailty in
elderly patients with diabetes and construct a nomogram.

Methods
Study Design and Population

This is a cross-sectional study. Convenience sampling method was used to select inpatients from the Third Affiliated
Hospital of Guangzhou Medical University. Inclusion criteria are as follows: (1) Age was 60 years old or older; (2)
T2DM, using the World Health Organization (WHO) established diabetes diagnostic criteria;'® (3) Clear consciousness,
no communication barriers; (4) Informed consent, voluntary participation in this study. Exclusion criteria: (1) Patients
who have been clearly diagnosed with dementia or mental illness; (2) Patients with severe physical diseases (involving
heart, liver, kidney) who could not cooperate with the completion of the survey; (3) Those with any known severe vision
and auditory problems or unable to complete the questionnaire. The Events Per Variable criterion (EPV) method was
used to calculate the sample size. The sample size satisfies the rule of thumb of at least 10 people for each candidate
predictor variable.'® Before the interview, we explained the purpose and content of the study to the participants and
obtained their informed consent. All patients signed informed consent.

Diagnosis of Cognitive Frailty

Cognitive frailty operant was defined as patients with both physical frailty and cognitive impairment, but no clinical
diagnosis of Alzheimer’s disease or other types of dementia.'” We used Fried’s phenotype (PF) and Montreal Cognitive
Assessment (MoCA) to assess cognitive frailty.

The PF was adopted to assess physical function. It included five evaluation indicators:'® (1) Unintentional weight
loss: In the past year, unexpected weight loss > 4.5kg or > 5% (excluding diet and exercise); (2) Slowness: It was
assessed by recording the time required to walk at 4.6m; (3) Weakness: It was assessed by the mean of three consecutive
measures the same hand-muscle developer, and the cut-of points adjusted for gender and BMI; (4) Low physical activity:
Men exercise less than 383kcal per week (about 2.5 hours / week) or women exercise less than 270kcal per week (about 2
hours / week) using Minda Leisure Activity Questionnaire (MLTA); (5) Fatigue: It was assessed with two questions from
the Center for Epidemiological Studies—Depression (CES-D). Ask the elderly how many days a week will feel “I feel
I need to work hard to do everything” and “I feel I cannot continue my life”, and any question for more than 3 days
a week will get 1 point. With a total score ranges from 0 to 5 and scores > 3 were assessed as frailty. Cognitive function
was evaluated with the MoCA."? The main evaluation contents included visual space and executive function, naming,
memory, attention, language, abstraction, delayed recall and orientation, with a total score of 30 points. After the final
evaluation, the score < 26 was divided into cognitive dysfunction (the total score of those with less than 12 years of
education plus 1 point), and the high score indicated good cognitive function. If PF is assessed as frailty and MOCA is
assessed as cognitive impairment and is not diagnosed with dementia, the patient has cognitive frailty.

Measures

The data were collected through face-to-face interviews conducted by trained researchers using structured questionnaires. The
questionnaires covered various aspects, including social demographic characteristics, anthropometry, lifestyle factors, disease
conditions, psychological status, functional status, laboratory test indicators, and other clinical data. Social demographic
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characteristics encompassed age, gender, educational level, and other data. Anthropometric measurements, including height,
weight, grip strength, and calf circumference, were recorded, and the body mass index (BMI, kg/m?) was calculated. Calf
circumference was measured with participants in an upright position and their legs slightly apart, and a tape measure was
placed around the maximum circumference of the calf. Disease conditions included the duration of diabetes and other relevant
factors. Lifestyle factors encompassed daily intellectual activities (such as reading newspapers, engaging in brain games for
more than 30 minutes every day.), smoking, and drinking habits. Laboratory indicators comprised fasting blood glucose,
glycated hemoglobin, albumin, hemoglobin, creatinine, uric acid, total cholesterol, and other relevant parameters.

The Geriatric Depression Scale (GDS-5) was utilized to assess the depression status of the elderly participants.”®
Scores ranging from 0 to 5 were assigned, with a score of > 2 indicating the presence of depressive symptoms. The Basic
Activities of Daily Living scale (BADL) was employed to evaluate the participants’ basic self-care abilities.”! The
evaluation included 10 items, such as dressing, eating, grooming, toileting, and transfer. Scores ranged from 0 to 100,
with scores below 95 indicating impaired self-care abilities and a score of 100 representing intact self-care abilities.

The collected data were reviewed and validated by three independent researchers to ensure data integrity and reliability.

Statistical Analysis

The statistical analysis and plotting were conducted using SPSS 26.0, R 4.2. Normal distribution was expressed by the mean +
standard deviation (SD), and non-normal distribution was expressed by the median (interquartile range) [M (P25, P75)].
Independent- sample ¢ tests and Spearman analysis were employed to compare continuous variables between groups.
Categorical variables were assessed using the Pearson’s Chi squared test or Fisher’s exact probability test. The R language
was utilized to randomly assign study subjects to the training cohort and validation cohort at a ratio of 7:3.>** The prediction
model was developed using the training cohort and tested in the validation cohort. We used univariate logistic regression and
least absolute shrinkage and selection operator (LASSO) regression to screen predictors. For cross-validation results, we
selected lambda = min to determine the final candidate variables.”* Then, multivariate analyses were performed to identify
independent predictors of cognitive frailty in elderly patients with diabetes. The independent variables selected by binary
logistic regression analysis were imported into R software, and the nomogram prediction model was constructed using the
“rms” package. The discrimination of the model was evaluated using the area under the receiver operating characteristic
(ROC) curve (AUC). To validate the model, a bootstrap method was employed with 1000 resamples, and a calibration curve
was generated. The clinical utility of the model was assessed using decision curve analysis (DCA) to evaluate its practical
applicability and actual benefits. P < 0.05 was considered statistically significant.

Results
Study Population Characteristics

A total of 317 elderly diabetic patients were interviewed, and two were excluded due to incomplete clinical data. Finally,
315 elderly diabetic patients were included. All participants were randomly divided into a training cohort (n = 221) and
a validation cohort (n = 94) using R language, with a ratio of 7:3. Table 1 presents the characteristics of the training
cohort and the validation cohort, showing similar attributes. Among the 315 elderly individuals, 87 (27.6%) exhibited
cognitive frailty, with 61 (27.6%) in the training cohort and 26 (27.7%) in the validation cohort.

Predictor Selection

Univariate logistic regression was performed to screen meaningful variables (Table 2). The results showed that age, education
level, BMI, albumin, hemoglobin, creatinine, calf circumference, grip strength, intellectual activity, depressive state, walking
assist, duration of diabetes, and self-care ability were the influencing factors of cognitive frailty in elderly diabetic patients. Then,
we used LASSO regression 10-fold cross validation to identify valuable predictors of cognitive frailty in elderly diabetic patients.
The non-zero coefficient in the LASSO regression model was included in the multivariate logistic regression analysis (Figure 1).
The results of the multivariate regression analysis demonstrated that age, intellectual activity, albumin, calf circumference,
depressive state, and duration of diabetes were independent influencing factors for cognitive frailty in older patients with diabetes
(P<0.05), as shown in Table 2.
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Table | Characteristics of Training Cohort and Validation Cohort

Characteristics Overall Training Cohort Validation Cohort Zitly> | P value
(n=315) (n=221) (n=94)
Gender, n(%) 0.424 | 0.515
Female 152 (48.3%) 104 (47.1%) 48 (51.1%)
Male 163 (51.7%) 117 (52.9%) 46 (48.9%)
Educational level, n (%) 2.07 0.558
Primary school or below 103 (32.7%) 70 (31.7%) 33 (35.1%)
Middle school 92 (29.2%) 69 (31.2%) 23 (24.5%)
High school 86 (27.3%) 57 (25.8%) 29 (30.9%)
College or above 34 (10.8%) 25 (11.3%) 9 (9.6%)
Smoking, n (%) 0.612 0.434
Yes 55 (17.5) 41 (18.6%) 14 (14.9%)
No 260 (82.5%) 180 (81.4%) 80 (85.1%)
Alcohol drinking, n (%) 1.889 0.169
Yes 43 (13.7%) 34 (15.4%) 9 (9.6%)
No 272 (86.3%) 187 (84.6%) 85 (90.4%)
Intellectual activity, n (%) 0.005 0.943
Yes 202 (64.1%) 142 (64.3%) 60 (63.8%)
No 113 (35.9%) 79 (35.7%) 34 (36.2%)
Depressive state, n (%) 0.307 0.579
Yes 63 (20%) 46 (20.8%) 17(18.1%)
No 252 (80%) 175 (79.2%) 77 (81.9%)
Walking assist, n (%) 0.03 0.862
Yes 35 (11.1%) 25 (11.3%) 10 (10.6%)
No 280 (88.9%) 196 (88.7%) 84 (89.4%)
Duration of diabetes, n (%) 0.024 0.877
<20 years 253 (80.3%) 177 (80.1%) 76 (80.9%)
220 years 62 (19.7%) 44 (19.9%) 18 (19.1%)
Self-care ability, n (%) 0.102 0.75
Normal 235 (74.6%) 166 (75.1%) 69 (73.4%)
Abnormal 80 (25.4%) 55 (24.9%) 25 (26.6%)
Age (years) 71(65, 77) 71 (66, 77) 71 (65, 78) —0.245 | 0.807
BMI (kg/m?) 23.9+3.2 23.8+3.2 24.2+3.4 —1.136 | 0.257
Albumin (g/L) 35.8 (32.8,38.2) 35.8 (32.9,384) 359 (32.8,37.9) —0.382 | 0.702
Hemoglobin (g/L) 130 (117,143) 130 (116.5,143) 130 (117.8,143.3) —0.275 | 0.783
Fasting blood glucose (mmol/L) 6.6 (5.4, 8.8) 6.6 (5.4, 8.8) 6.6 (5.4, 8.5) —0.481 | 0.631
HbA, (%) 7.8 (6.7,9.4) 7.9 (6.8,9.5) 7.7 (6.5, 9.4) —0.941 | 0.347
Creatinine (umol/L) 80 (66,103) 80 (66, 98.5) 80 (61.8,109) —0.399 | 0.69
Uric acid (umol/L) 341 (281,425) 332 (284,421) 357.5 (268.3,434.8) —0.577 | 0.564
Total cholesterol (umol/L) 4.0 (3.3, 5.1) 4.1 (3.3,5.2) 3.9 (33,47 —1.088 | 0.277
Triglyceride (mmol/L) 1.3 (1.0, 1.9) 1.3 (1.0, 1.9) 1.4 (1.0, 1.9) —0.596 | 0.551
High density lipoprotein (mmol/L) 1.1 (0.9, 1.3) 1.1 (0.9, 1.3) 1.1 (0.9, 1.3) —0.374 | 0.708
Low density lipoprotein (mmol/L) 24 (1.8, 3.3) 2.5 (1.8, 34) 2.3 (1.7, 3.0) —1.604 | 0.109
Calf circumference (cm) 31+3.5 31.1£35 31.1%3.7 -0.092 | 0.927
Grip strength (kg) 18.7 (14, 24.8) 18.6 (14.1, 25.1) 19.6 (13.1, 24.6) —0.216 | 0.829
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Table 2 Logistic Regression Analysis of Risk Factors for Cognitive Frailty in Diabetic Patients

Variables Univariate Multivariate
OR (95% CI) P value B OR (95% CI) P value

Gender 0.938 (0.519-1.694) 0.831

Educational level 0.252 (0.099-0.639) 0.004

Smoking 0.816 (0.373-1.785) 0.611

Alcohol drinking 0.403 (0.148-1.096) 0.075

Intellectual activity 6.582 (3.447-12.567) | <0.001 1.436 | 4.203 (1.885-9.374) | <0.001
Depressive state 6.694 (3.314-13.518) <0.001 1.347 3.845 (1.586-9.32) 0.003
Walking assist 5.965 (2.470-14.409) <0.001

Duration of diabetes 3.538 (1.776-7.052) <0.001 1.146 3.145 (1.3-7.612) 0.011
Self-care ability 0.068 (0.016-0.291) <0.001

Age 1.107 (1.063-1.153) <0.001 0.063 1.065 (1.013-1.12) 0.014
BMI 0.878 (0.794-0.971) 0.012

Albumin 0.846 (0.786-0.911) <0.001 —0.151 0.86 (0.788-0.939) 0.001
Hemoglobin 0.973 (0.959-0.988) <0.001

Fasting blood glucose 0.951 (0.872-1.037) 0.258

HbA . 0.994 (0.872-1.133) 0.925

Creatinine 1.006 (1.001-1.011) 0.018

Uric acid 1.000 (0.997-1.003) 0.988

Total cholesterol 0.823 (0.654-1.037) 0.099

Triglyceride 0.781 (0.567-1.078) 0.133

High density lipoprotein | 0.597 (0.243-1.466) 0.260

Low density lipoprotein 0.858 (0.660—1.115) 0.252

Calf circumference 0.872 (0.796-0.955) 0.003 —0.124 | 0.883 (0.789-0.988) 0.03
Grip strength 0.873 (0.828-0.919) <0.001

Development of an Individualized Prediction Model

The significant independent predictors obtained from the multivariate analysis were used to generate a nomogram using
R language software. Figure 2 illustrates the constructed nomogram derived from the multivariate regression analysis.
The area under the receiver operating characteristic (ROC) curve for the nomogram model was 0.866 (95% CI = 0.809—
0.922) for the training cohort and 0.821 (95% CI = 0.716-0.927) for the validation cohort (Figure 3), indicating favorable
discrimination ability.

Calibration and Clinical Use of the Nomogram

The calibration curve demonstrated a slope close to 1 (Figure 4), indicating good calibration and consistency of
the model. The Hosmer-Lemeshow test suggested that the nomogram model results align well with actual
outcomes (3> = 9.463, P = 0.305) and can be employed to predict the risk of cognitive frailty in elderly diabetic
patients. The decision curve analysis (DCA) curve did not intersect with the two extreme curves, implying that the
net return rate of the nomogram prediction model is higher than that intervention and non-intervention, under-
scoring the model’s clinical applicability (Figure 5).

Discussion

Presently, the research on cognitive frailty is mainly concentrated in the community and there are few studies on
cognitive frailty in hospitalized patients and no risk prediction model for cognitive frailty in diabetic patients has been
found. In our study population, the prevalence of cognitive frailty among hospitalized elderly diabetic patients was found
to be 27.6%, indicating a high level of cognitive frailty in this population. Cognitive frailty can affect the quality of life of
older people, leading to dementia, disability, disability and even death.’>*® Therefore, it is of great significance to
develop a risk prediction model for early identification of cognitive frailty in elderly individuals with diabetes and timely
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intervention. The prediction model can help medical staff identify the risk population of cognitive frailty in elderly
diabetic patients and quantify the risk of individual cognitive frailty and timely intervention.

This study revealed that age, albumin, calf circumference, intellectual activity, depressive state, and diabetes duration
were independent influencing factors for cognitive frailty in elderly patients with diabetes. Advanced age is a prominent
influencing factor in the development of cognitive frailty and plays a significant role in the frailty process. Consistent
with previous community surveys,?” our study demonstrated that the risk of cognitive frailty increases with age. Aging
leads to significant reductions in physiological functions, including decreased muscle strength and quality in the limbs, as
well as accelerated atrophy of the hippocampus and cerebral cortex, thereby increasing the risk of cognitive frailty.?®
Diabetes is associated with frailty accompanied by cognitive impairment (OR 2.01, 95% CI = 1.12-3.60)."* Our study
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revealed that older adults with a diabetes duration of more than 20 years were more likely to experience cognitive frailty
(OR 3.145, 95% CI = 1.3-7.612). This may be related to the fact that diabetes is a vascular risk factor for cognitive
frailty, and that patients with a long duration of diabetes are affected vascular and nerves, leading to complications of
diabetes, with an increased risk of developing cognitive decline and frailty.?* ! Medical professionals need to focus on
cognitive function and frailty in older patients with diabetes, especially those with advanced age and long duration of
diabetes, in order to make early response strategies.

Frailty and cognitive function interact with nutritional status.*** In our study, albumin emerged as a significant factor
associated with cognitive frailty. Prior research has indicated that inadequate protein intake is one of the nutritional
contributors to frailty,>* and inadequate energy/protein nutrition among older adults is associated with poorer cognitive
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function.”” Studies have shown that inflammation and malnutrition are both mechanisms of cognitive frailty, and albumin
levels can reflect both inflammatory state and nutritional status.>® Additionally, other studies have indicated that albumin
may serve as a marker for cognitive decline and cognitive frailty.” Consequently, protein assumes an essential role in
nutritional supplementation to address cognitive frailty, and professionals can supplement protein and increase albumin
levels for the elderly according to the situation. Calf circumference has been employed as a simple indicator of skeletal
muscle mass, sarcopenia, and nutritional status.*®*° Studies conducted in South Korea have shown an association
between calf circumference and cognitive frailty,*' which is consistent with the findings of our study. Specifically, our
study revealed that smaller calf circumference in the elderly was associated with a higher risk of cognitive frailty. In
diabetic patients, insulin resistance inhibits the energy intake process of muscle cells, leading to short-term muscle
contraction difficulties and long-term muscle mass reduction and atrophy, thereby accelerating the progression of
cognitive frailty.*> Specialists need to pay attention to the elderly with smaller calf circumference, develop personalized
interventions for them, improve bone and muscle mass, and reduce the risk of cognitive frailty.

Depressive state, characterized by a low mood, is a common psychological issue among the elderly.* Our study also
demonstrated that depression serves as an emotional factor influencing cognitive frailty, which is consistent with the
findings of Xie et al,** who reported an odds ratio of 3.88 (95% CI = 2.39-6.29). The elderly with depressive state have
poor mood and decreased appetite, resulting in malnutrition, decreased albumin levels, decreased muscle mass, decreased

bone mineral density, and smaller calf circumference, which ultimately leads to an increased risk of cognitive frailty.
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Professionals need to pay attention to the mental health of the elderly and provide psychological counseling for the
elderly to improve their quality of life. Studies have indicated that elderly individuals who frequently engage in
intellectual activities have a lower risk of frailty (adjusted RR 0.65, 95% CI = 0.47-0.90),*> which is consistent with
our findings. A bidirectional relationship exists between intellectual activity and cognitive function, whereby improved
cognitive function fosters increased engagement in intellectual activities among the elderly.*®*” Participation in physical
and intellectual activities can be beneficial in improving cognitive function and frailty in older adults.**>° The elderly
should take the initiative to carry out intellectual activities. Professionals and family members should encourage the
elderly to carry out intellectual activities every day to exercise their brain ability to reduce the risk of cognitive frailty.

Limitations

The nomogram prediction model constructed in this study demonstrates effective risk prediction for cognitive frailty in
elderly diabetic patients. However, there are certain limitations that need to be acknowledged. Firstly, as this study is
based on a cross-sectional design, it is important to note that causal inferences cannot be drawn. Secondly, the data
collection was confined to a single hospital and focused specifically on elderly diabetic patients. Consequently, further
validation of our nomogram model is essential in diverse settings and populations.

Conclusion

In this study, the nomogram consisting of age, albumin levels, calf circumference, intellectual activity, depressive state,
and duration of diabetes is a simple and user-friendly tool, with exhibits excellent predictive performance and clinical
practicability. The nomogram can quantify the risk of cognitive frailty in elderly diabetic patients, so as to help better
develop intervention strategies and delay the process of cognitive frailty in the elderly and improve the quality of life.
Furthermore, we encourage the validation and widespread utilization of this nomogram across diverse populations and
healthcare settings in the future.
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