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and Practice Innovation Research, Cheeloo College of Medicine, Shandong University, Jinan,
Shandong, China, 3School of Nursing and Rehabilitation, Shandong University, Jinan,
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Background: A high risk of developingmild cognitive impairment (MCI) is faced by

elderly patients with type 2 diabetes mellitus (T2DM). In this study, independent

risk factors for MCI in elderly patients with T2DM were investigated, and an

individualized nomogram model was developed.

Methods: In this study, clinical data of elderly patients with T2DM admitted to the

endocrine ward of the hospital from November 2021 to March 2023 were

collected to evaluate cognitive function using the Montreal Cognitive

Assessment scale. To screen the independent risk factors for MCI in elderly

patients with T2DM, a logistic multifactorial regression model was employed. In

addition, a nomogram to detect MCI was developed based on the findings of

logistic multifactorial regression analysis. Furthermore, the accuracy of the

prediction model was evaluated using calibration and receiver operating

characteristic curves. Finally, decision curve analysis was used to evaluate the

clinical utility of the nomogram.

Results: In this study, 306 patients were included. Among them, 186 patients

were identified as having MCI. The results of multivariate logistic regression

analysis demonstrated that educational level, duration of diabetes, depression,

glycated hemoglobin, walking speed, and sedentary duration were

independently correlated with MCI, and correlation analyses showed which

influencing factors were significantly correlated with cognitive function (p

<0.05). The nomogram based on these factors had an area under the curve of

0.893 (95%CI:0.856-0.930)(p <0.05), and the sensitivity and specificity were

0.785 and 0.850, respectively. An adequate fit of the nomogram in the

predictive value was demonstrated by the calibration plot.
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Conclusions: The nomogram developed in this study exhibits high accuracy in

predicting the occurrence of cognitive dysfunction in elderly patients with T2DM,

thereby offering a clinical basis for detecting MCI in patients with T2DM.
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Introduction

Diabetes as a chronic metabolic disease is considered a major

public health challenge. Currently, diabetes affects more than 400

million people worldwide, and it is projected that the global diabetes

prevalence will increase from 9.3% (463 million) in 2019 to 10.2%

(578 million) in 2030 and 10.9% (700 million) in 2045 (1). Type 2

diabetes mellitus (T2DM), characterized by insulin resistance, is a

form of diabetes that accounts for 90% of all individuals with

diabetes (2). Furthermore, studies have demonstrated that China

ranks the second globally in annual health expenditure on diabetes

(3). It is also the country with the highest number of elderly patients

with diabetes, with a diabetes prevalence of 28.8% among people

aged 60–69 years and 31.8% among those aged 70 years and older

(4). T2DM is prone to several complications, such as cardiovascular

disease, peripheral neuropathy, and cognitive impairment (5).

Meanwhile, a growing body of clinical and epidemiologic data

indicates that patients with T2DM have a higher incidence of

cognitive impairment than non-diabetic patients (6). Patients

with diabetes and prediabetes face a 1.25- to 1.91-fold increased

risk of developing cognitive impairment (4), such as mild cognitive

impairment (MCI) and dementia. Studies have also demonstrated

that the prevalence of MCI in patients with T2DM is 45% (7).

MCI is a transitional stage between cognitive normalcy and

dementia with bi-directional transformation, MCI is a progressive

loss of memory or other cognitive function that does not affect daily

life functioning and does not meet the diagnostic criteria for

dementia (8), and as a common central nervous system

complication in elderly patients with T2DM, the two interact with

each other. The general MCI criteria include the following: (i)

clinical concern raised by the patient or an informant, or

observations made by the clinician, (ii) cognitive impairment in

one or more cognitive domains preferably relative to appropriate

normative data for that individual, (iii) preservation of functional

independence and (iv) no dementia (9). Diabetes is an independent

risk factor for the progression of dementia in patients with MCI

(10). Factors such as impaired insulin signaling pathway,

inflammation, accumulation of advanced glycosylation end-

products, and oxidative stress (11) can result in a 2.01- to 2.84-

fold increase in the risk of developing MCI (12–14) and accelerate

the transition of MCI to dementia (14, 15). On the other hand,

decreased self-management and increased dependence on care can
02
be experienced by patients with MCI due to impaired attention,

executive function, memory, and decision-making ability. This not

only complicates the management of diabetes but also has been

linked to an increased mortality rate in patients with MCI (16, 17).

Thus, MCI, as a prodromal stage of dementia, has become the

primary focus for early prevention and treatment of dementia in

elderly patients with T2DM. Early identification of patients at high

risk of cognitive impairment is crucial for enhancing their

clinical prognosis.

Current research is concentrating on the risk factors of MCI

in elderly patients with T2DM, and clinical practice still faces

the challenge of determining how to use quantitative indicators

to achieve individualized prediction. The nomogram model

can quantify, visualize, and graphically present the findings of

multifactorial logistic regression, enabling individualized prediction

of the risk of a specific clinical event. Individualized prediction

has successfully found applications in assessing the occurrence,

prognosis, and recurrence of various clinical events (18, 19). To

date, no nomogrammodel has been developed for predicting the risk

of MCI in elderly patients with T2DM. Thus, this study aims

to examine the independent risk factors associated with MCI in

elderly patients with diabetes and to develop a simple and practical

nomogram for predicting cognitive impairment in elderly patients

with T2DM, with the aim of early identification of patients at high

risk of cognitive impairment and offering a reference for enhancing

disease management and clinical interventions.
Methods

Patients and selection criteria

This study enrolled elderly patients with T2DM who were

hospitalized in the Department of Endocrinology at Qilu Hospital

of Shandong University from November 2021 to March 2023,

resulting in 306 patients. Inclusion criteria: (1) Age ≥60 years old;

(2) met the T2DM diagnostic criteria outlined in the Chinese

Guidelines for the Prevention and Treatment of Type 2 Diabetes

(2020 Edition) (20); (3) voluntary participation in the study. The

exclusion criteria were: (1) Patients with severe visual and auditory

impairment, mental abnormality, or unclear expression; (2) patients

with malignant tumors, severe liver and renal impairment, or other
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serious complications; (3) patients with alcohol dependence or a

history of psychoactive drug abuse; (4) patients with neurological

lesions (e.g., stroke, brain tumors, and Parkinson’s disease) that can

result in cognitive dysfunction; and (6) patients with

diagnosed dementia.
Sample size calculation

According to Moving beyond the 10 events per variable (10

EPV) rule of thumb (21), the number of independent variables

included in this study was 16, with a minimum sample size of

160 patients.
Study variables

Variables examined in this study included age, sex, marital status,

educational level, location of residence, living situation, current

smoking, current alcohol consumption, body mass index, number

of chronic diseases, duration of diabetes (years), hypoglycemia

(within 3 months), depression, glycated hemoglobin (HbA1c),

walking speed (measured over 4 m), and sedentary duration.
Cognitive function assessment

The Montreal Cognitive Assessment (MoCA) Scale (22) was

used to evaluate eight cognitive domains, including abstract

thinking, attention and concentration, executive function,

language, memory, visual structure skills, computation, and

orientation. Scores ranging from 0 to 30 were used, with better

cognitive functioning indicated by higher scores. A score of ≥26 on

the MoCA was considered normal, and a total score of <26 indicates

MCI. If the number of years of education was less than 12 years, one

point was added to the results to correct for educational bias.

The Mini-Mental State Examination (MMSE) scale is

commonly used in studies and clinical assessment of general

cognitive function, with a maximum score of 30 points. It

contains 5 subscales, Orientation, Registration, Attention and

Calculation, Recall, Language, and Visual Construction, with

higher scores indicating better cognitive function (23). Its total

score ranged from 0 to 30, with total scores ≤19 for illiterate, ≤22 for

individuals with elementary school education, and ≤26 for

individuals with junior high school or higher education

categorized as MCI (24).
Depressive symptom

The depression status of elderly patients was assessed using the

5-item Geriatric Depression Scale (GDS-5) (25). The scale is a

simplified version of GDS-15, assigning a score of 1 to each entry,

resulting in a total score ranging from 0 to 5, with higher scores

indicating more severe depression and a score of ≥2 indicating the

presence of depressive symptoms. GDS-5 is more concise and
Frontiers in Endocrinology 03
convenient to use and has good reliability and validity (26).

Therefore, it has been extensively employed in the screening of

depressive symptoms in the elderly population.
Data collection

Uniformly trained enumerators conducted face-to-face

interviews using a paper version of the questionnaire to

retrospectively collect relevant data. All questionnaires were

distributed, completed, and returned on-site, and two individuals

entered and cross-checked the data.
Statistical analysis

SPSS 25.0 was used to perform statistical analysis of the data.

Categorical variables were expressed as frequencies (percentages)

and continuous variables as mean ± standard deviation or median

(quartiles). The Mann-Whitney U test (for non-normally

distributed variables) or the t-test (for normally distributed

variables) was used to compare continuous variables, and the chi-

square test or Fisher’s exact test was used to compare categorical

variables. Clinical factors with statistically significant (p < 0.05)

differences in the results of the one-way logistic regression analyses

were subsequently included in the multifactorial logistic regression

analysis, and associations were assessed using Spearman’s rank

correlation coefficient (p < 0.05).

The nomogram of the prediction model was constructed using

the R software package “rms” based on the screened independent

risk factors. The bootstrap method with 1000 replicates was used to

perform internal validation of the nomogram model in the original

sample. The receiver operator characteristic (ROC) curve was used

to evaluate the predictive ability of the model, and the area under

the curve (AUC) was computed to evaluate model performance.

The closer the AUC is to 1 (AUC value > 0.75), the better the

discriminative validity of the model. The calibration was

constructed to examine the agreement between the predicted

probabilities with the observed outcome, and a calibration curve

was constructed and a Hosmer-Lemeshow test was performed to

evaluate the calibration of the nomogram. In addition, a decision

curve analysis (DCA) of the model to assess the clinical validity of

the model. All statistical tests were two-tailed, and p-values <.05

were considered statistically significant.
Results

Characteristics of the participants

After rigorously screening the study population based on the

inclusion and exclusion criteria, 306 elderly patients with T2DM

were enrolled. Based on the MOCA score, 186 of the 306 patients

were categorized as MCI, while 120 were classified as normal

cognitive. The mean age of the patients (including 175 males and

131 females) was 66.19 ± 1.92 (years). Table 1 summarizes the
frontiersin.org
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TABLE 1 Characteristics of the study population by mild cognitive impairment (MCI) status.

Factors Description MCI status Test statisic p value

Normal cognition
group (n =120)

MCI group (n =186 )

Age (years) 65.67±5.88 66.53±5.93 -1.251 .212

Sex 11.567 .001

male 83 (69.2%) 92 (49.5%)

Female 37 (30.8%) 94 (50.5%)

Marital status 1.844 .174

Married 111 (92.5%) 163 (87.6%)

Divorced/ Widowed 9 (7.5%) 23 (12.4%)

Educational level 24.934 <.001

Elementary school or below 10 (8.3%) 43 (23.1%)

Middle school 17 (14.2%) 51 (27.4%)

High school 50 (41.7%) 54 (29.0%)

College or above 43 (35.8%) 38 (20.4%)

Location of residence 0.556 .456

Urban area 102 (85.0%) 152 (81.7%)

Rural area 18 (15.0%) 34 (18.3%)

Living situation 0.773 .379

Living alone 11 (9.2%) 12 (6.5%)

Not living alone 109 (90.8%) 174 (93.5%)

Current smoking 2.063 .151

No 73 (60.8%) 128 (68.8%)

Yes 47 (39.2%) 58 (31.2%)

Current alcohol consumption 9.293 .002

No 59 (49.2%) 124 (66.7%)

Yes 61 (50.8%) 62 (33.3%)

BMI 7.129 .068

≤18.4 1 (0.8%) 5 (2.7%)

18.5-24.9 55 (45.8%) 109 (58.6%)

25-29.9 53 (44.2%) 58 (31.2%)

≥30 11 (9.2%) 14 (7.5%)

Number of chronic diseases 5.470 0.140

0 18 (15.0%) 13 (7.0%)

1 25 (20.8%) 46 (24.7%)

2 29 (24.2%) 44 (23.7%)

≥3 48 (40.0%) 82 (44.6%)

Hypoglycemia (within 3 months) 1.217 .270

No 81 (67.5%) 114 (61.3%)

Yes 39 (32.5%) 72 (38.7%)

(Continued)
F
rontiers in Endocrinology
 04
 fro
ntiersin.org

https://doi.org/10.3389/fendo.2024.1307837
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Jiang et al. 10.3389/fendo.2024.1307837
characteristics of the study population. The differences between the

study population in terms of gender, literacy level, alcohol

consumption status, depressive symptoms, duration of diabetes,

sedentary time, step speed, and HbA1c, and the difference between

the MCI normocognitive groups were significant (p < 0.05).
Logistic univariate and multivariate
regression analysis results

Table 2 presents the results. Variables that showed statistical

significance in the univariate analysis were included in the

multifactorial logistic regression analysis, which demonstrated

that the development of MCI in elderly patients with T2DM was

influenced by educational level, duration of diabetes, depression,
Frontiers in Endocrinology 05
HbA1c, walking speed, and sedentary duration. Risk factors for the

development of cognitive dysfunction in patients included the

presence of depressive symptoms, longer duration of diabetes,

extended sedentary time, slower walking speed, and high levels of

HbA1c (p < 0. 05), whereas higher education was identified as a

protective factor.
Correlation analysis results

In this study, MoCA was significantly correlated with education

(r=0.272, p<0.05), duration of diabetes (r=-0.279, p<0.05),

depression (r=-0.230, p<0.05), HbA1c (r=-0.490, p<0.05), walking

speed (r=-0.247, p<0.05), sedentary time (r=-0.484, p<0.05)

(Table 3). MMSE was significantly correlated with education
TABLE 1 Continued

Factors Description MCI status Test statisic p value

Normal cognition
group (n =120)

MCI group (n =186 )

Depression 16.209 <.001

No 99 (82.5%) 113 (60.8%)

Yes 21 (17.5%) 73 (39.2%)

HbA1c 7.38±1.32 8.89±1.67 -8.294 <.001

Walking speed 1.03±0.24 1.19±0.35 -4.190 <.001

Sedentary duration 4.00 (2.125, 6.00) 9.00 (6.00, 12.00) 8.967 <.001

Duration of diabetes (years) 10.00 (5.00, 16.00) 14.00 (10.00, 20.00) 2.840 <.001
fro
BMI, body mass index; HbA1c, glycated haemoglobin.
TABLE 2 Logistic univariate and multivariate regression analysis of MCI in patients.

Factors Description Univariate logistic regression Multivariate logistic regression

OR (95% CI) P value OR (95% CI) P value

Sex male Reference Reference

Female 0.436 (0.269-0.707) 0.001 0.598 (0.253-1.413) .241

Educational level Elementary school or below Reference Reference

Middle school 4.866 (2.154-10.991) <.001 2.669 (0.899-7.024) .077

High school 3.395 (1.684-6.845) .001 2.755 (1.036-7.326) .042

College or above 1.222 (0.683-2.186) .499 0.829 (0.376-1.829) .643

Drinking No Reference 1.694 (0.741-3.871) .002

Yes 2.068 (1.292-3.309) .002

Depression No Reference Reference

Yes 0.328 (0.188-0.572) <.001 0.416 (0.189-0.915) .029

Walking speed 6.020 (2.446-14.813) <.001 8.381 (2.648-26.528) <.001

HbA1c 2.135 (1.724-2.642) <.001 1.929 (1.514-2.458) <.001

Sedentary duration 1.333 (1.234-1.440) <.001 1.339 (1.220-1.469) <.001

Duration of diabetes (years) 1.078 (1.042-1.115) <.001 1.061 (1.015-1.109) .009
HbA1c, glycated haemoglobin.
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(r=0.369, p<0.05), duration of diabetes (r=-0.126, p<0.05),

depression (r=-0.160, p<0.05), HbA1c (r=-0.281, p<0.05), walking

speed (r=-0 .226 , p<0 .05) , sedentary t ime (r=-0 .159 ,

p<0.05) (Table 4).
Construction of the nomogram

In this study, a line graph model was developed for predicting

the risk of MCI in elderly patients with T2DM based on six

independent risk factors for MCI: Literacy, disease duration,

depressive symptoms, HbA1c, walking speed, and sedentary

time (Figure 1).
Internal validation of the nomogram and
model performance

Calibration curves were used to assess the accuracy of the

predicted MCI risk column plot model (Figure 2). The X-axis

represents the predicted MCI risk, and the Y-axis represents the

risk of actual MCI diagnosis. An ideal model with perfect predictive

power is represented by the diagonal dashed line, and the solid line

represents the column line graph model in this study. In a well-

calibrated model, the detection should correspond to the 45th

diagonal. A closer fit to the diagonal dashed line indicated better

prediction, and this study demonstrates good agreement between

the constructed model and real observations. Figure 3 shows the

ROC curve with an AUC value of 0.893 (95%CI:0.856-0.930)

(p<0.05), and the sensitivity and specificity were 0.785 and 0.850,
Frontiers in Endocrinology 06
respectively. The Hosmer-Lemeshow test results indicated the

absence of statistical significance (c2 = 7.337, p=0.501) (p>0.05),

indicating that the nomogram provided a good fit to the data.
Clinical utility of the nomogram

Nomogram threshold probabilities ranged from 5.0% to

95.0% by DCA. Elderly patients with T2DM had a higher net

benefit than the other two extreme curves, indicating the clinical

validity of the model. The clinical utility of the nomogram is

shown in Figure 4.
Discussion

Chronic damage and dysfunction of blood vessels, nerves, brain,

and other tissues and organs are often caused by insufficient insulin

secretion or insulin resistance in patients with T2DM, leading to

impaired cognitive function (7). Furthermore, T2DM in elderly

individuals accelerates the onset of MCI or increases the risk of

dementia development at a higher rate (27). In this study, the

detection rate of MCI in elderly patients with T2DM was 51.67%,

surpassing the global combined prevalence of MCI in elderly

patients with T2DM, which is 45% (7). Currently, there is a lack

of effective treatment for cognitive impairment, and in severe cases,

progression to dementia may occur. Consequently, great clinical

importance is attached to the early-stage identification of factors

influencing the occurrence of MCI in patients with T2DM and the

search for indicators with predictive and diagnostic value for MCI.

In this study, a nomogram-based model for predicting the risk

of MCI in elderly patients with T2DM was developed and validated.

This model combines educational level, disease duration, depressive

symptoms, walking speed, sedentary time, and HbA1c and exhibits

good discriminative ability, accuracy, and clinical applicability. This

provides clinicians with a potentially simple and easy-to-use tool for

predicting the risk of MCI in elderly patients with T2DM.

Furthermore, it serves as a research basis for conducting cognitive

function follow-up, initiating cognitive function training as early as

possible, and slowing deterioration.

The findings of this study indicate a significant association

between educational level and T2DM-MCI. Some studies have

validated the close relationship between the severity of cognitive

impairment in patients with T2DM and their educational level (28).

This association may be attributed to the fact that individuals with

higher levels of education, particularly knowledge workers, tend to

exhibit higher synaptic densities in the cortex, resulting in increased

brain storage. Engaging the brain in various cognitive tasks allows

brain cells to receive more stimuli, thereby promoting the

maintenance of cognitive functions in the brain (29–31). Highly

educated individuals often possess sufficient cognitive reserve,

which contributes to a slower rate of cognitive decline. Older

adults may delay cognitive decline by continuing to improve their

intellectual abilities throughout their lifespan (32). Thus, older

adults with T2DM are encouraged to change their lifestyles, learn

new things, embrace new experiences, receive more cognitive
TABLE 3 Correlation between cognitive level and influence factors.

Variable r p value

Educational level 0.272 <.05

Duration of diabetes (years) -0.279 <.05

Depression -0.230 <.05

HbA1c -0.490 <.05

Walking speed -0.247 <.05

Sedentary duration -0.484 <.05
HbA1c, glycated haemoglobin.
TABLE 4 Correlation between MMSE and influence factors.

Variable r p value

Educational level 0.369 <.05

Duration of diabetes (years) -0.126 <.05

Depression -0.160 <.05

HbA1c -0.281 <.05

Walking speed -0.226 <.05

Sedentary duration -0.159 <.05
HbA1c, glycated haemoglobin.
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stimulation, and actively engage their brains throughout their

lifespan to potentially prevent cognitive decline.

The findings of this study indicated that the duration of diabetes

is a significant risk factor for the development of MCI in patients
Frontiers in Endocrinology 07
with T2DM, and a positive correlation between the duration of

diabetes and cognitive decline in patients with T2DM was identified

(33). Prospective studies have also concluded that individuals with a

T2DM duration exceeding 5 years have a 1.59 times greater risk of
FIGURE 2

Calibration curve for internal validation of the nomogram.
FIGURE 1

Nomogram to detect mild cognitive impairment (MCI) in elderly Patients with Type 2 Diabetes Mellitus (T2DM).
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developing cognitive impairment than others (13). Prolonged

disease duration in patients with T2DM is accompanied by

memory loss and a substantial decline in visual and spatial

judgment (28). The extended duration of T2DM, macrovascular

and microvascular disease, and oxidative stress injury may increase

neuronal damage. Furthermore, long-term insulin resistance and

poor glycemic control lead to an increase in late-onset glycosylation

end products (34), which contribute to an increase in T2DM

complications and cognitive dysfunction.

Previous studies have consistently demonstrated a strong

association between depressive symptoms and cognitive decline in

patients with T2DM (35, 36). A recent systematic review and meta-

analysis revealed that depression not only increases the risk of

cognitive decline and dementia but also accelerates the conversion

of MCI to dementia (37), which may be explained by the influence

of depressive symptoms on increasing the amyloid burden in the

cerebral cortex and reducing synaptic plasticity (38, 39). Consistent

with previous results, this study also identified a correlation

between depressive symptoms and T2DM-MCI in older adults,

emphasizing the importance of regular screening for depressive

symptoms and timely intervention when necessary.

HbA1c is a crucial indicator of glycemic control in patients with

T2DM, and its higher levels indicate that oxidative stress, neuronal

damage, and vascular damage in the body are more severe, potentially

leading to more severe cognitive dysfunction (40). In an Advanced

Chronic Kidney Disease Study, interventions to lower HbA1c levels

did not affect cognitive decline (41). However, a Diabetes Education
Frontiers in Endocrinology 08
and Telemedicine Study (IDEATel) demonstrated that cognitive

decline was observed with interventions at HbA1c <7.0% (42). In

this study, the higher the HbA1c level, the more likely the patient was

to develop MCI, indicating a bidirectional relationship between

cognitive impairment and diabetes management. Impaired

cognitive function can result in a decrease in the ability of diabetic

patients to self-manage their diabetes, leading to unstable glycemic

control and a higher likelihood of complications such as

hypoglycemia, which can exacerbate cognitive impairment (43).

The advantages of glycemic control in older adults with T2DM are

indisputable, and future studies should aim to determine the optimal

level of glycemic control for older adults. Furthermore, future studies

should investigate the long-term effects of maintaining optimal

glycemic control on cognitive decline in patients. Some studies

have shown that homocysteine levels may be an influential factor

in cardiovascular disease (44), so homocysteine levels may affect

cognitive function in elderly patients with T2DM, we will also

consider the effect of homocysteine and other biochemical indexes

on cognitive levels in our next study.

Studies have demonstrated that grip strength and walking speed

are positively related to overall cognitive function (45), lower daily

walking speed is correlated with more severe cognitive impairment

(46), and the effect of walking speed on cognitive function may be

more pronounced in the later stages of cognitive impairment (47,

48), These findings are consistent with the results of this study,

which employed walking speed as a predictor of MCI in patients.

Consequently, clinical care providers should consider improving
FIGURE 3

The receiver operating characteristic curve of the nomogram.
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cognitive and physical function when devising relevant

interventions. These findings indicate that clinical care providers

should consider the influences of cognitive and physical function

when developing relevant interventions and adopt interventions

that combine cognition and exercise, such as TaiChi exercises that

encompass balance and aerobic function. Furthermore, special

attention should be directed toward the care of individuals who

have sustained fall injuries due to a decrease in walking speed.

The poor lifestyle of sedentary older individuals with T2DM

exposes them to poor glycemic control. Unstable blood glucose levels

(including higher than average blood glucose levels and increased blood

glucose variability) have been significantly associated with cognitive

impairment (49, 50). Furthermore, an increased likelihood of cognitive

impairment has been associated with spending a substantial amount of

time sitting, irrespective of whether the overall activity level is high or

low (51). Fritschi’s study discovered that the longer the sedentary time,

the longer the hyperglycemia, leading to an increase in anaerobic

metabolism and subsequent damage to hypoxic brain tissue, which

may eventually result in cognitive impairment (52). Similarly, this

study also confirmed a significant association between sedentary

duration and the development of MCI in elderly patients with

T2DM, indicating that a longer sedentary duration corresponds to a

higher risk of MCI. Thus, community health workers should prioritize

monitoring sedentary behavior and integrating it into the disease

management program for elderly patients with T2DM. Efforts should

be made to reduce the duration of sedentary behavior by strengthening

health education and implementing strategies to interrupt sedentary

behavior, which in turn reduces the risk of cognitive impairment

in patients.

In conclusion, a nomogram of the prediction model based on

six independent risk factors in elderly patients with T2DM was
Frontiers in Endocrinology 09
developed in this study. Calibration and ROC curves were used to

evaluate the accuracy of the model. The findings indicated that the

model exhibited good accuracy, discriminative ability, and clinical

validity. Furthermore, the results demonstrate that early evaluation

of cognitive function in elderly patients with T2DM and early

clinical interventions targeting relevant independent risk factors

are particularly important in the evaluation and management of

patients’ conditions. This model can serve as a guide for

improved clinical decision-making and individualized

intervention management.
Conclusions

In this study, a risk model for MCI in elderly patients with

T2DM was developed, incorporating educational level, duration of

diabetes, depression, HbA1c, walking speed, and sedentary duration

as key factors. The application of a nomogram to evaluate the risk of

MCI development in elderly patients with T2DM is a novel concept

that may produce reliable and optimal models. These models can

offer valuable guidance for enhancing clinical decision-making and

implementing individualized intervention management strategies.

However, this study has some limitations. First, the nomogram

model developed in this study, which used clinical data from one

hospital, underwent only internal validation and lacked validation

using external clinical data from other clinical sources. Second, the

sample size of the clinical data in this study is limited and requires

expansion to enable further validation. Finally, the clinical and

biochemical characteristics of the included samples were not

adequately considered in this study and we will perform

additional analyses in future studies.
FIGURE 4

The decision curve analysis of the nomogram.
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51. Garcıá-Hermoso A, Ramı ́rez-Vélez R, Celis-Morales CA, Olloquequi J,
Izquierdo M. Can physical activity attenuate the negative association between sitting
time and cognitive function among older adults? A mediation analysis. Exp gerontology.
(2018) 106:173–7. doi: 10.1016/j.exger.2018.03.002

52. Fritschi C, Park H, Richardson A, Park C, Collins EG, Mermelstein R, et al.
Association between daily time spent in sedentary behavior and duration of
hyperglycemia in type 2 diabetes. Biol Res Nurs. (2016) 18:160–6. doi: 10.1177/
1099800415600065
frontiersin.org

https://doi.org/10.1155/2021/3792407
https://doi.org/10.3760/cma.j.cn112138-20211027-00751
https://doi.org/10.1136/bmj.m441
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.3233/jad-160119
https://doi.org/10.1111/j.1532-5415.1999.tb03848.x
https://doi.org/10.1034/j.1600-0579.2003.00216.x
https://doi.org/10.12701/yujm.2019.00255
https://doi.org/10.1155/2020/4591938
https://doi.org/10.2174/1567205013666160615091043
https://doi.org/10.3389/fnagi.2018.00277
https://doi.org/10.3389/fnagi.2018.00277
https://doi.org/10.3389/fpsyg.2017.00162
https://doi.org/10.1136/bmjopen-2018-027719
https://doi.org/10.1136/bmj.37977.495729.EE
https://doi.org/10.1136/bmj.37977.495729.EE
https://doi.org/10.1001/jama.2021.4001
https://doi.org/10.1007/s00592-015-0806-0
https://doi.org/10.1007/s00592-015-0806-0
https://doi.org/10.1007/s40618-013-0028-7
https://doi.org/10.3233/jad-140405
https://doi.org/10.3233/jad-140405
https://doi.org/10.1007/s11682-017-9815-7
https://doi.org/10.1007/s11682-017-9815-7
https://doi.org/10.1002/gps.4409
https://doi.org/10.1002/gps.4409
https://doi.org/10.1038/s41574-021-00512-2
https://doi.org/10.1210/endrev/bnaa017
https://doi.org/10.1177/1357633x20959213
https://doi.org/10.1016/s1474-4422(14)70249-2
https://doi.org/10.1111/psyg.12133
https://doi.org/10.1016/j.rehab.2013.02.005
https://doi.org/10.1016/j.rehab.2013.02.005
https://doi.org/10.1093/ageing/afw185
https://doi.org/10.1093/ageing/afw185
https://doi.org/10.1007/s11357-014-9682-8
https://doi.org/10.3967/0895-3988.2012.01.001
https://doi.org/10.1056/NEJMc1311765
https://doi.org/10.1016/j.exger.2018.03.002
https://doi.org/10.1177/1099800415600065
https://doi.org/10.1177/1099800415600065
https://doi.org/10.3389/fendo.2024.1307837
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	A new nomogram model for the individualized prediction of mild cognitive impairment in elderly patients with type 2 diabetes mellitus
	Introduction
	Methods
	Patients and selection criteria
	Sample size calculation
	Study variables
	Cognitive function assessment
	Depressive symptom
	Data collection
	Statistical analysis

	Results
	Characteristics of the participants
	Logistic univariate and multivariate regression analysis results
	Correlation analysis results
	Construction of the nomogram
	Internal validation of the nomogram and model performance
	Clinical utility of the nomogram

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


