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Background: Our previous multicenter case-control study showed that aging,
up-regulation of platelet glycogen synthase kinase-3B (GSK-3p), impaired
olfactory function, and ApoE e4 genotype were associated with cognitive
decline in type 2 diabetes mellitus (T2DM) patients. However, the causal
relationship between these biomarkers and the development of cognitive
decline in T2DM patients remains unclear.

Methods: To further investigate this potential relationship, we designed a 6-year
follow-up study in 273 T2DM patients with normal cognitive in our previous
study. Baseline characteristics of the study population were compared between
T2DM patients with and without incident mild cognitive impairment (MCI). We
utilized Cox proportional hazard regression models to assess the risk of cognitive
impairment associated with various baseline biomarkers. Receiver operating
characteristic curves (ROC) were performed to evaluate the diagnostic
accuracy of these biomarkers in predicting cognitive impairment.

Results: During a median follow-up time of 6 years (with a range of 4 to 9 years),
40 patients (16.13%) with T2DM developed MCI. Participants who developed
incident MCI were more likely to be older, have a lower education level, have
more diabetic complications, a higher percentage of ApoE €4 allele and a higher
level of platelet GSK-3f activity (rGSK-3p) at baseline (P<0.05). In the longitudinal
follow-up, individuals with higher levels of rGSK-3B were more likely to develop
incident MCI, with an adjusted hazard ratio (HR) of 1.60 (95% confidence interval
[CI] 1.05, 2.46), even after controlling for potential confounders. The AUC of the
combination of age, rGSK-3B3 and ApoEe4 allele predicted for incident MCI
was 0.71.
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Conclusion: Platelet GSK-3p activity could be a useful biomarker to predict
cognitive decline, suggesting the feasibility of identifying vulnerable population
and implementing early prevention for dementia.
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1 Introduction

Alzheimer’s disease (AD) is a progressive neurodegenerative
disease characterized by gradual decline of cognitive functions,
which affects memory, thinking, and behavior (1). It is one of the
most common causes of dementia, affecting millions of people
worldwide. Currently, the pathogenesis of AD is still not fully
understood. The abnormal aggregation and deposition of AR
protein in the brain is one of the main pathological features of AD,
causing neuronal damage and death. The hyperphosphorylation of
tau protein can also lead to the formation of neurofibrillary tangles,
which is another important pathological feature of AD (2, 3). Over
the past decade, China has experienced a remarkable increase in the
occurrence of type-2 diabetes mellitus (T2DM), with an elevated
prevalence of 11.2% among adults aged 18 and above. Furthermore,
the elderly population aged 70 and above exhibits an even more
concerning trend, with a prevalence rate of 28.8% (4). T2DM may
contribute to the development of AD through multiple common
mechanisms involving insulin resistance (5), inflammation, advanced
glycation end-products (AGEs), vascular disease and lifestyle choices
(6). The increase in the aging population in China has led to a rise in
the prevalence of AD and T2DM. These diseases exert a profound
impact on the well-being of the elderly population and present a
significant and escalating financial and healthcare burden on the
country, making their prevention and management a top priority.

Epidemiological studies have established T2DM as an
independent risk factor for mild cognitive impairment (MCI), a
condition that often serves as a precursor to AD (7). MCI is a
condition in which individuals experience slight but noticeable
declines in cognitive functions such as memory, attention, and
executive functions. Although these declines are not severe enough
to be diagnosed as dementia, they can significantly impact a
person’s daily life and are often precursors to AD (8). Given the
absence of effective drug treatments for MCI, preventative measures
have become paramount in preserving cognitive function.
Therefore, it is essential to identify individuals at increased risk of
developing MCI among the growing population with T2DM to
enable timely intervention and potentially delay the onset of AD.

In recent years, there has been a growing body of evidence that
strongly suggests the potential role of glycogen synthase kinase-33
(GSK-3B) as a link between T2DM and MCI (9). GSK-3f is a
crucial kinase that contributes to the generation of AP, tau
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hyperphosphorylation, and long-term synaptic inhibition, which are
observed in both AD and T2DM (10). However, the exact association
between MCI and T2DM remains unclear. And the preliminary
findings are based on limited data obtained from cross-sectional
studies with heterogeneous study populations and measurements of
cognitive function.

Our previous study has found that aging, increased activity of
GSK-3f3, the presence of ApoE €4 genotype, and olfactory
dysfunction are associated with cognitive decline in T2DM
patients (11). To prospectively confirm this relationship, we
designed a 6-year follow-up study involving 273 T2DM patients
without MCI in our previous study. To the best of our knowledge,
this is the first longitudinal study to investigate the association
between peripheral biomarkers and early mild cognitive decline in a
T2DM cohort.

2 Materials and methods
2.1 Study design and participants

As one of five medical centers, we conducted a follow-up study
in the cohort population from our previous multi-centre,
retrospective, nested case-control study aimed at evaluating
peripheral biomarkers for diagnosing MCI in T2DM.

Briefly, between January 2012 and May 2015, 341 patients with
T2DM from Wuhan Central Hospital were included in the study.
At the beginning of the study, each participant underwent a
comprehensive evaluation, including neuropsychological
evaluation, assessment of olfactory function, ApoE genotyping
and measurement of platelet GSK-3f activity. The details of this
evaluation have been described in previous reports (11). To
determine the activity levels of GSK-3f, the total GSK-3 (tGSK-
3B) and serine-9 phosphorylated GSK-3f (pS9GSK-3, the inactive
form of the kinase) were measured in platelets, using an enzyme
activity assay kit. The ratio of tGSK-3f to pS9GSK-3p (rGSK-3f3)
was used as a surrogate marker of platelet GSK-3f activity.

At baseline and follow-up interview, demographic data
including age, sex, education, cigarette smoking, and habitual
alcohol consumption were collected. The level of education was
determined by the maximum years of formal education and
categorized as< 6 years (primary school), 7-9 (middle school) and
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210 years (high school or college). Body mass index (BMI) is
calculated by dividing weight (kg) by the square of height (m).
The medical history of diabetic complications, diabetic treatment,
hypertension, hyperlipidemia, and cardiovascular disease were
collected by self-report from participants or reviewed through the
hospital information system.

The participants diagnosed with MCI at baseline enrollment
were excluded from further assessment. Therefore, a total of 273
T2DM patients without MCI at baseline were invited to participate
in the second round of neuropsychological evaluation from
December 2021 to August 2022. During the follow-up period, 27
participants either passed away or withdrew from the study, leaving
a subsample of 246 patients with T2DM for final analysis (Figure 1).
As required by the Declaration of Helsinki, all participants provided
written informed consent prior to the second round of
neuropsychological assessment. The second phase of the follow-
up study received ethical approval from the Ethics Committee of
Wuhan Central Hospital.

2.2 Diagnosis of incident MCI

The neuropsychological assessment mainly consisted of the
translated version of Minimum Mental State Examination
(MMSE) and Clinical Dementia Rating (CDR). These assessments
were conducted by two examiners with neurological training and
experience in neurophysiologic techniques.

The diagnosis of MCI was based on Petersen’s MCI criteria (12):
1.difficulties in subjective memory and cognitive; 2. objective
cognitive impairment with the MMSE score below 27 or
education-adjusted mean values; 3. CDR score=0.5.

Incident MCI was determined in subjects who developed MCI
before the second round of neuropsychological evaluation.
Specifically, we divided the outcome at follow-up into 2
categories: remaining with normal cognition (T2DM-NC) and
progressing to MCI (T2DM-CI).

341 participants
enrolled at baseline

from 2012 to 2015 17 exclued

5 thyroid disease
7 stroke
5 dementia before T2DM

Finall baseline
participants
(n=324)

|
| |

T2DM-nonMClI
(n=273)

—]

248 participants inclued
in the follow-up analysis

l |

T2DM without incident MCI
(n=208)

T2DM-MCI
(n=51)

25 participants died
or lost to follow-up

T2DM with incident MCI
(n=40)

FIGURE 1
Study flowchart
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2.3 Statistical analysis

Data analysis was conducted using IBM’s SPSS Statistics 26.0
software. For continuous variables with a normal distribution, mean
+ standard deviation (SD) was used to present the data. For skewed
variables, the median (inter-quartile range) was reported.
Categorical variables were presented as frequency (%). To
compare categorical and continuous variables between case and
control groups, Chi square and t-test tests were used, respectively.
All P values were statistically significant if P< 0.05.

Baseline characteristics of the study population were compared
between T2DM patients who developed MCI and those who did
not, using statistical methods such as covariance analysis, chi-
squared tests, and two-sample t-tests. Spearman’s correlation
analysis was utilized to assess relationships between rGSK-3f3 and
continuous covariates. To determine the incidence rate of MCI
during the follow-up period, the number of new cases of MCI
observed was divided by 1000 person-years. The person-years were
calculated as the time from enrollment to either the end of follow-
up or the development of MCI, whichever occurred first. The
Kaplan-Meier curve with log-rank test was utilized to visualize
and statistically analyze the incidence of MCI in individuals with
and without the ApoEe4 allele.

The cox proportional hazard regression models were used to
assess the risk of cognitive impairment during follow-up associated
with 1-value increment of baseline rGSK-3, using hazard ratios
(HRs) along with 95% confidence interval (95%CI). Model 1 was a
crude model. Model 2 adjusted for potential confounders, including
age, sex, BMI, smoking, habitual alcohol consumption, education
level, diabetic therapy, duration of diabetes, diabetic complications,
cardiovascular disease, hypertension, hyperlipidemia, glycosylated
hemoglobin Alc (HbAlc) and fasting plasma glucose (FPG), and
Model 3 further adjusted for ApoE genotyping and the
olfactory score.

Binary logistic regression models were constructed to test
whether the biomarkers in our previous study were associated
with the diagnosis of incident MCI during follow-up. The odds
ratio (OR) and 95% CI were calculated for incident MCI of these
biomarkers. The optimal cut-off value for each biomarker,
providing the best combination of sensitivity and specificity, was
determined. The area under curve (AUC) and diagnostic accuracy
were also calculated. Receiver operating characteristic (ROC) curves
were plotted to evaluate the diagnostic accuracy of rGSK-3f and the
combined biomarkers.

3 Results

3.1 Demographics and
clinical characteristics

Between 2012 and 2015, we conducted a screening of 341
participants, of whom 324 met the inclusion criteria. The
descriptive statistics based on the baseline neuropsychological
evaluation are provided in Supplementary Table 1. In consist with
our previous study, individuals in T2DM-MCI group exhibited
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older age, lower MMSE score, lower education level, more diabetic
complications, worse olfactory function, and higher fasting blood
glucose (FPG) levels compared to the T2DM-nMCI group (P<0.05).
Additionally, the proportion of ApoEe4 allele was higher in the
T2DM-MCI group than in the T2DM-nMCI group (P<0.05).
Participants diagnosed with MCI at baseline were excluded
from further evaluation. Among 273 patients in T2DM -MCI
group, 27 participants either died or were lost to follow-up. A
comparison of baseline characteristics revealed a modest difference
between participants who attended the follow-up study (attenders)
and those who did not (non-attenders) (Supplementary Table 2).

3.2 Associations between baseline rGSK-3/3
and cognitive impairment

Over a median follow-up time of 6 years (ranging from 4 to 9
years), 40 (16.13%) of 248 patients with T2DM developed MCI. The
overall incidence of MCI during the follow-up period was 24.7 per
1000 patient-years. Table 1 represented the baseline characteristics
of the study population between incident MCI (T2DM-CI) and
cognitively normal (T2DM-NC). Participants with incident MCI at
baseline were found to be older, less educated, had more diabetic
complications, a higher percentage of ApoEe4 allele and higher
levels of rGSK-3f (all P <0.05, Figure 2).

In patients with T2DM, the levels of rGSK-3[3 were inversely
related to MMSE scores both at the initial evaluation and at follow-
up (both P<0.001, Figure 3). Figure 4 depicts Kaplan-Meier survival
curves estimating for the development of MCI based on the
presence of ApoEe4 allele. T2DM patients without ApoEe4 allele
had a lower survival rate without MCI (P <0.05 by log-
rank statistics).

As shown in Table 2, participants with higher levels of rGSK-3f3
at baseline had a significantly higher risk of developing MCI. For
each 1-unit increase in rGSK-3[3, the HRs for incident MCI were
1.60 (95% CI 1.05, 2.46). This association was further strengthened
by adjustments for sociodemographic variables, ApoE4 genotypes
and olfactory scores.

3.3 Diagnostic efficacy of single biomarker
and the combined biomarkers in predicting
MCI in T2DM patients

We have previously observed that cognitive decline in patients
with T2DM is associated with advanced age, impaired olfactory
function, increased platelet GSK-3f activity, and ApoE4 genotype.
To investigate whether these biomarkers can predict the
development of MCI during follow-up, we conducted binary
logistic regression analysis.

Our results indicated that age (OR 1.09, 95% CI 1.04, 1.14),
ApoE4 genotype (OR 2.68, 95% CI 1.11, 6.47), platelet GSK-3[3
activity (OR 1.87, 95% CI 1.05, 3.34) are independently associated
with cognitive decline at follow-up. However, no significant
association was observed for olfactory score. Therefore, we

Frontiers in Endocrinology

10.3389/fendo.2024.1386773

TABLE 1 Baseline characteristics between T2DM patients with and
without incident MCI.

T2DM-NM T2DM-CI

(n=208) (n=40)
MMSE at follow-up 28.34 £ 0.94 24.48 + 2.00 <0.001**
MMSE at baseline 28.86 + 1.04 28.35 + 1.03 0.005**
Years of follow-up (years) 6.52 +0.93 6.55 + 0.88 0.859
Age (years) 62.34 + 6.86 67.03 + 8.82 0.003**
Male (%) 85 (40.87%) 21 (52.50%) 0.222
BMI (kg/m?) 24.17 £ 2.81 25.06 + 3.66 0.154
Cigarette smoking (%) 33 (15.87%) 6 (15.00%) 1.000
Habitual alcohol drinking (%) 17 (8.17%) 3 (7.50%) 1.000
Education 0.044 *
< 6 years (Primary school) 27 (12.98%) 11 (27.50%)
7-9 (Middle school) 142 (68.27%) 25 (62.50%)
irlc()oﬁ:;: (High school 39 (18.75%) 4 (10.00%)
Oral medication only (%) 143 (68.75%) 25 (62.50%) 0.463
Insulin (%) 82 (39.42%) 18 (45.00%) 0.598
Duration of diabetes (years) 7.69 + 5.71 8.76 + 7.18 0.299
Diabetic complications (%) 81 (38.94%) 23 (57.50%) 0.036 *
Diabetic Retinopathy (%) 44 (21.15%) 13 (32.50%) 0.150
Diabetic Nephropathy (%) 16 (7.69%) 9 (22.50%) 0.009 **
Eiﬁ?;;;rigz)e ral 38 (18.27%) 6 (15.00%) 0.821
Cardiovascular disease (%) 23 (11.06%) 5 (12.50%) 0.786
Hypertension (%) 105 (50.48%) 24 (60.00%) 0.303
Hyperlipidemia (%) 46 (22.12%) 8 (20.00%) 0.838
HbAlc (%) 7.77 £ 1.74 7.51 £ 1.30 0.367
FPG (mmol/L) 8.28 £ 3.01 8.24 +2.80 0.927
Olfactory 6.94 + 1.72 6.90 + 1.83 0.894
ApoE €2 47 (22.60%) 9 (22.50%) 1.000
ApoE €3 194 (93.27%) 36 (90.00%) 0.504
ApoE €4 21 (10.10%) 11 (27.50%) 0.008 **
sK.ap Wos s
pSIGSK-3B 2:; i;).84 1;81 5140 0.194
rGSK-3p ?'?02(;)'35 ?ﬁ 4 127) 0.016 *

*, p value<0.05; **,p value<0.01.

T2DM, type-2 diabetes mellitus; MCI, mild cognitive impairment; T2DM-NM,T2DM
patients remaining with normal cognition; T2DM-CI, T2DM patients progressing to MCI;
MMSE, Minimum Mental State Examination; BMI, body mass index; FPG, fasting plasma
glucose; HbAlc, glycosylated hemoglobin Alc; ApoE, apolipoprotein E; GSK-3P, glycogen
synthase kinase-3f; tGSK-3p, total GSK-3[; pS9GSK-3B, serine-9 phosphorylated GSK-3[3;
rGSK-3p, total GSK-3p/Ser9 GSK-3p.

Bold values indicate statistical significance.
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FIGURE 2

The differences of total GSK-38, pS9 GSK-3p and rGSK-3f between T2DM patients with incident MCI (T2DM-CI; n=40) and without incident MCI
(T2DM-NM; n=208). *P<0.05, T2DM-NM group versus the T2DM-CI group. GSK-3B, glycogen synthase kinase-3[3; pS9GSK-3p, serine-9
phosphorylated GSK-3p; rGSK-3p, total GSK-3p/serine-9 phosphorylated GSK-3p.

focused our subsequent analysis on these three factors and
their combinations.

We applied ROC models to calculate the AUC, accuracy,
specificity and sensitivity of single biomarker of age, ApoE4
genotype and rGSK-3B for diagnosing incident MCI in T2DM
patients (Figure 5) Among the three biomarkers, age exhibited a
maximum AUC of 64% and an accuracy of 80.6% (Table 3). The
ApoE4 genotype had a maximum AUC of 59% and an accuracy of
79.8%, while platelet GSK-3p activity showed a maximum AUC of
62% and an accuracy of 62.1%. By combining age, rGSK-3f and
ApoEe4, we created a ROC curve with a maximum AUC of 71%
and an accuracy of 79% (Figure 5; Table 3). When only age and
ApoEe4 were considered, the AUC was 68% and the accuracy was
77.8%. When age and rGSK-3pwere combined, the maximum AUC
was 68% and the accuracy was 78.6%. Combining ApoEe4 and
rGSK-3fresulted in a maximum AUC of 68% and an accuracy
of 60.1%.

4 Discussion

Alzheimer’s Disease (AD) and Type 2 Diabetes Mellitus
(T2DM) are two widespread chronic diseases that pose significant

>

R =-0.253, p <0.001

GSK-3p (Total / S9)

Follow-up MMSE

FIGURE 3

health challenges to individuals and healthcare systems (13),
particularly as the global population continues to age. There is a
growing body of evidence suggesting that T2DM is associated with
an increased risk of developing AD (7). Mild Cognitive Impairment
(MCI) is often a precursor to AD. Early diagnosis and intervention
are critical for improving outcomes and quality of life for
individuals with MCI and reducing the risk of progression to AD.
Currently, reliable biomarkers for early detection of cognitive
impairment are lacking. Therefore, searching for a dependable set
of biomarkers that can identify patients at high risk of cognitive
decline is crucial to enabling early intervention and preventing the
severe decline of cognitive function.

In our previous multicenter case-control study, we observed a
strong correlation between platelet GSK-3f activation and T2DM
patients with MCL In continuation of our previous research, we
have discovered that T2DM patients with normal cognition at
baseline with higher levels of platelet GSK-3[3 activation were
more likely to develop incident MCI during follow-up. This
increased risk remained statistically significant even after
adjusting for potential confounding factors, such as ApoE e4
allele and impaired olfactory function.

GSK-3f is a conserved serine/threonine kinase that regulates
multiple signaling pathways, there by influencing many

B
4- R=-0.419, p <0.001
L]
3 .
2 34 0
= .
[
I:°, 2 ' ¢
% ! $ .
X 14
@ ]
(O] 0 '
0 T t T 1
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Baseline MMSE

The Spearman'’s correlation analysis between rGSK-3 and baseline MMSE (A) and follow-up MMSE (B). MMSE, Minimum Mental State Examination;

rGSK-3p, total GSK-3B/serine-9 phosphorylated GSK-3p.
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Kaplan-Meier survival curves estimating for the development of MCI
based on the presence of ApoEe4 allele. MCI, mild cognitive
impairment; ApoE, apolipoprotein E.

critical cellular processes (14). Its activity can be increased by
phosphorylation at Tyr 216 site and decreased by phosphorylation at
Ser 9 site (15). GSK-3P is an essential kinase in the insulin pathway that
serves as a vital link between the pathologies of T2DM and dementia
(16). Studies have shown that the dysregulation of GSK-3 is associated
with the development of insulin deficiency and insulin resistance (16,
17), as well as abnormal tau phosphorylation leading to the toxicity of
neurofibrillary tangles (NFT) (10). Early alterations of tau protein may
result in significant cognitive abnormalities (18). Additionally, GSK-33
has been implicated in the pathogenesis of several neurodegenerative
diseases, including Alzheimer’s disease, Parkinson’s disease, and mood
disorders. GSK-3f activity could be a valuable biomarker for
diagnosing and potentially monitoring the progression of these
neurological conditions (19).

Clinical studies have also revealed a strong correlation between
excessive activity of GSK-3B and cognitive impairment (9, 20).
Despite the considerable number of studies have investigated the

10.3389/fendo.2024.1386773

correlation between GSK-3B and cognitive function, the findings
have been inconclusive. Most of these studies were conducted
utilizing a cross-sectional design, which precludes the establishment
of a causal relationship between GSK-38 and MCL In the current
study, we provided a perspective view on changes in cognition by
using the same cohort population with longitudinal data.

As GSK-3f has extensive substrates and biological functions,
targeting GSK-3[3 may cause significant adverse effects. However, a
simple and well-repeated protocol for measuring GSK-3 activation
could serve as a convenient and cost-effective tool for early
detection of MCI in patients with T2DM. Due to the current
unavailability of brain or cerebrospinal fluid samples from these
T2DM patients, it is not feasible to ascertain whether the activation
of platelet GSK-3[3 reflects GSK-3f activation in central nervous
system, nor can we provide direct evidence revealing the possible
biological relationship between platelet GSK-3 and cognitive
impairment. Platelets share homeostatic features with neurons,
making them an attractive model for studying metabolic
abnormalities in AD (21, 22). Further research is needed to
establish the relationship between platelet GSK-3f3 activation and
brain GSK-3[ activation, as well as its biological relations with
cognitive impairment. The necessity to verify the accuracy,
sensitivity, and specificity of platelet GSK-3f activation as a
predictive biomarker for cognitive impairment, as well as its
potential application in a broader range of diseases, needs to be
verifying in more large-scale, longitudinal studies.

Furthermore, aging is recognized as a critical factor in the
development of AD. Our previous research has demonstrated that
aging, ApoE €4 allele and decline in olfactory function may serve as
indicators of cognitive impairment in T2DM patients. Further
analysis showed that the presence of the ApoEe4 allele in T2DM
patients may interact with increased GSK-3f activity to accelerate
cognitive decline (23). However, our current study has revealed that
ApoE €4 allele and olfactory decline did not predict cognitive
decline, indicating their limited clinical utility. Therefore, it is

TABLE 2 Longitudinal association of baseline rGSK-3B with incident MCl among individuals with T2DM and normal cognition at baseline.

95% ClI
Variable
Lower Upper
Modle 1
rGSK-3p 0.472 0.217 4.710 0.030 1.603 1.047 2.455
Modle 2
Age 0.060 0.018 10.613 0.001 1.062 1.023 1.101
rGSK-3p 0.416 0.200 4332 0.037 1.516 1.025 2.243
Modle 3
Age 0.089 0.019 21.48 0.000 1.093 1.052 1134
rGSK-3p 0.651 0.258 6.372 0.012 1.917 1.157 3.176

Model 1 was a crude model.

Model 2 was adjusted for potential confounding factors, including age, sex, body mass index (BMI), smoking, habitual alcohol consumption, education level, diabetes therapy, duration of
diabetes, diabetic complications, cardiovascular disease, hypertension, hyperlipidemia, glycosylated hemoglobin Alc (HbAlc) and fasting plasma glucose (FPG).
Model 3 was adjusted for the variables in model 2 plus ApoE genotyping and the olfactory score.

GSK-3, glycogen synthase kinase-33;rGSK-3, total GSK-3f/serine-9 phosphorylated GSK-3f.
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ROC show diagnostic efficacy of the single (A) and combined biomarkers (B) in predicting incident MCl in T2DM patients. ROC, receiver operating
curves; ApoE, apolipoprotein E; GSK-3, glycogen synthase kinase-3p; rGSK-3B, total GSK-3B/serine-9 phosphorylated GSK-3p

imperative for future studies to investigate the impact of ApoE e4
genotype and olfactory dysfunction on the onset of cognitive
impairment in a larger population with a longer follow-up period.

We also investigated the diagnostic accuracy of age, ApoE e4
genotype and rGSK-3P. Age exhibited the highest AUC and
accuracy among these three biomarkers. When these biomarkers
were combined, the diagnostic accuracy improved to 0.71.
Therefore, a well-established model integrating aging, ApoE e4
genotype and elevated platelet GSK-3f activities has great potential
to predict the development of cognitive impairment in patients
with T2DM.

Diabetes complications and MCI are closely linked, with
diabetes being a significant risk factor for the development of
cognitive decline. In this study, we found patients with more
diabetic complication, particularly diabetic nephropathy, will
more likely to develop incident MCI during follow-up. Both
diabetic nephropathy and cognitive impairment share common
risk factors such as poor glycemic control, hypertension,
lymphatic dysfunction and dyslipidemia (24, 25). Therefore, the

results of this study implied the importance of strengthening the
management of diabetic complications to prevent or delay the onset
of cognitive impairment in clinical practice.

There are several limitations in our study. Firstly, the sample
size was moderate, and the follow-up study was limited to our
hospital. Secondly, the participants in our study were relatively
young compared to other studies, which may result in observing less
cognitive impairment. Some participants may develop MCI with
longer follow-up. Thirdly, the diagnosis of MCI using MMSE scores
may be subject to the subjective judgment of doctors, and may also
be influenced by the education level and socioeconomic status of
participants. However, in this follow-up study, we used education-
adjusted MMSE scores to diagnose MCI.

In summary, we provided some evidence that platelet GSK-3[3
activity could be a useful biomarker to indicate T2DM patients who
may develop MCI using the population from our previous cross-
sectional study. It is applicable for early detection and timely
management of MCI in a rapidly growing population of T2DM
patients, potentially leading to a reduction in the prevalence of AD.

TABLE 3 The diagnostic efficacy of Single Biomarker and the Combined Biomarkers in predicting MCl in T2DM patients.

Variables Specificity Sensitivity AUC (95% Cl) Accuracy
Age 70.5 0.894 0350 0.64 (0.55, 0.74) 0.806
ApoE 4 - 0.899 0275 059 (0.48, 0.69) 0.798
rGSK3p 0.79 0.620 0.625 0.62 (0.53, 0.71) 0.621
Age + ApoF e4 + rGSK3p - 0.837 0.550 0.71 (0.62, 0.83) 0.790
Age + ApoE ¢4 - 0.827 0525 0.68 (0.59, 0.78) 0.778
Age + rGSK3p - 0.851 0.450 0.68 (0.59, 0.78) 0.786
ApoE 4 + rGSK3p - 0572 0.750 0.68 (0.59, 0.77) 0.601

ROC, receiver operating characteristics; AUC, the area under the curve; CI, confidence interval;

GSK-3B, glycogen synthase kinase-3f; rGSK-3, total GSK-3p/serine-9 phosphorylated GSK-3.
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