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Abstract: Background and objective: Activation of glycogen synthase kinase-3β (GSK-3β) increases the risk of insulin resistance and type 2 diabetes mellitus (T2DM). Considering the association between GSK-3β rs334558 polymorphism and Alzheimer’s disease, we aimed to investigate the association between GSK-3β rs334558 polymorphism and mild cognitive impairment (MCI) in T2DM patients. Methods: This case-control study was performed to
evaluate the association between GSK-3β rs334558 polymorphism and MCI in the recruited 88 Chinese Han T2DM
patients, 51 of which satisfied the MCI diagnostic criteria and 37 matched individuals with healthy cognition as the
control. Results: Genotype and allele distributions of GSK-3β rs334558 polymorphism in the MCI patients were
not significantly different from those in healthy-cognition controls (χ2=4.377, df=2, P=0.112 and χ2=0.031, df=1,
P=0.859, respectively). There was no significant difference in the serum GSK-3β concentration between the two
groups (16.40 ± 16.61 ng/ml vs. 18.63 ± 16.07 ng/ml, P>0.05). Nor difference was found between the two groups
in terms of GSK-3β genotypes (CC, TC and TT, all P>0.05). Neuropsychological test scores were not significantly different between genotypic subgroups in either the MCI group or control group (all P>0.05). Conclusions: Our findings
failed to identify the association between the GSK-3β rs334558 polymorphism and diabetic MCI. GSK-3β rs334558
polymorphism might not be a stratification marker to predicate the disease risk in China.
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Introduction
Patients with diabetes have an increased risk
of developing mild cognitive impairment (MCI)
[1, 2], which is considered as a transitional
stage between normal cognition and dementia.
Diabetes contributes to MCI via a variety of
ways, e.g. impaired insulin signaling. Nevertheless, the exact mechanism is complex and
remains unclear.
The activity of GSK-3β may increase when insulin signaling function is weakened. The activation of GSK3β inhibits the secretory cleavage of
the amyloid precursor protein (APP), increasing
the production of the Aβ42 peptide [3], and
leads to memory impairment. Additionally, total
GSK-3 protein increases in both AD and MCI
without a compensatory decrease in activity
[4]. It has been reported that GSK-3β can phosphorylate numerous proteins, such as tau, a

microtubule-associated protein which is mainly
expressed in neurons and related to AD [5]. Aβ
accumulation and tau hyperphosphorylation,
the major pathological features of AD, have also
been suggested to be involved in the pathogenesis of diabetic MCI [6, 7]. A light and electron
microscopy study showed that GSK-3β expression elevates in intracellular locations and tangles in an old bigenic mouse with combined
amyloid and tau pathology (BiAT) mice [8]. These data suggest that GSK-3β overexpression
in specific brain areas may be associated with
the pathology of diabetic MCI, and GSK-3β assays might be an available diagnostic marker.
In addition, it was reported that rs334558 polymorphism in GSK-3β gene was associated with
an increased risk of AD [9-11]. GSK-3β (-50) TT/
CT genotype is associated with an increased
risk for AD, especially the late-onset AD. Genotypes with TT and T allele raises the risk of
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developing AD compared to the control individuals [9, 11]. Previous studies revealed that very
low expression has been found when the region
between nt-171 and +29 was deleted. GSK-3β
(-50) polymorphism is localized within the effective promoter region, indicating the possible
functional role of GSK-3β rs334558 [12].
GSK-3β or GSK-3β rs334558 polymorphism
and cognitive decline have been extensively
investigated. However, the role of GSK-3β in
diabetes-related cognitive deficits and the
underlying genetic factor in this population are
still not well understood. China is a country
with high-incidence of type 2 diabetes mellitus
(T2DM). This study was designed to investigate
the association between the GSK-3β rs334558
polymorphism and MCI in Chinese diabetic
patients. We also intended to seek the association between serum GSK-3β levels and cognition performance. Our findings may provide us
more insights into the potential pathogenesis
of T2DM with MCI and therapeutic targets for
cognitive impairment.
Materials and methods
Clinical subjects and study design
This case-control study was conducted in the
Endocrinology Division of Zhongda Hospital of
Southeast University. All of the individuals provided written informed consent before they participated in the study, which was approved by
the Research Ethics Committee of the Affiliated
Zhongda Hospital of Southeast University. This
trial was registered with ClinicalTrials.gov, number ChiCTR-OCC-15006060.
This study recruited a total of 88 subjects (36
women and 52 men) that all satisfied the diagnostic criteria of type 2 diabetes [13]. All of the
participants were right-handed Han Chinese.
51 subjects (24 women and 27 men, mean age:
62.71 ± 9.19 years) satisfied the diagnostic criteria proposed by the MCI Working Group of the
European Consortium on Alzheimer’s Disease
[14]: (1) cognitive complaints coming from
patients themselves or their families; (2) reporting a decline in cognitive functioning relative to
that of the past year by the patient or informant
(CDR score of 0.5); (3) cognitive disorders as
evidenced by clinical evaluation (impairment in
memory or some other cognitive domains); (4)
absence of major repercussions on daily life
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(ADL score <26); and (5) absence of dementia
(DSM-IV). And 37 T2DM patients with healthy
cognition (12 women and 25 men, mean age:
59.86 ± 7.95 years) matched in terms of age,
sex were also selected into our study.
Participants with diabetic ketoacidosis, hyperosmolar nonketotic diabetic coma, severe
hypoglycemia, acute cardiovascular, cerebrovascular accident, a past history of known
stroke, head injury, alcoholism, Parkinson’s disease, epilepsy, major depression (excluded by
SDS) or other mental or psychiatric illnesses
(excluded by clinical assessment and case history), major medical illnesses (e.g., cancer, anemia, and thyroid dysfunction), and severe visual
or hearing loss were excluded from this study.
Clinical measurements
Clinical data collection: Demographic characteristics, including age, gender, educational levels, contact information and ethnicity, were collected. Their medical history (including hypertension and coronary heart disease), and physical measurements (including blood pressure,
weight, height) were also collected using standardized methods. Body mass index (BMI) was
defined as the individual’s body weight divided
by the square of his or her height and was calculated as body weight (kg)/body height (m2).
Hypertension was defined as systolic blood
pressure ≥ 140 mmHg and/or diastolic blood
pressure ≥ 90 mmHg. Blood samples were
obtained to determine fasting blood glucose,
HbA1c, triglyceride (TG), total cholesterol (TC),
low density lipoprotein cholesterol (LDL-C), and
high density lipoprotein cholesterol (HDL-C).
The internal and external quality control procedures were performed by the Laboratory Center
of Zhongda Hospital of Southeast University
directed by the Chinese Laboratory Quality
Control.
Neuropsychological test information: To evaluate each individual’s cognitive function, including the function of semantic memory, attention, psychomotor speed, executive function,
and visuospatial skills, a battery of neuropsychological tests were administrated to all subjects. Montreal Cognitive Assessment (MoCA),
Digit Span Test (DST), Verbal Fluency Test
(VFT), Clock Drawing Test (CDT), Word Similarity Test (ST), Trail Making Test-A and B
(TMT-A and TMT-B) were performed. Other
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Table 1. Demographic, clinical and cognitive characteristics
Characteristic
Age (years)
Female, n (%)
Education Levels (years)
Smoking, n (%)
Alcohol, n (%)
BMI (kg/m2)
Hypertension, n (%)
CHD, n (%)
Diabetes duration (years)
HbA1c (%)
Triglyceride (mmol/L)
Total cholesterol (mmol/L)
LDL-cholesterol (mmol/L)
HDL-cholesterol (mmol/L)
Cognition test levels
MoCA
TMT-A
TMT-B
CDT
DST
VFT
ST

MCI (N=51)
62.71 ± 9.19
24 (47.06)
9.00 (5.00-12.00)
19 (37.25)
16 (31.37)
25.19 ± 3.71
35 (68.63)
9 (17.65)
11.12 ± 5.61
9.16 ± 2.17
1.83 ± 1.42
5.09 ± 1.46
3.05 ± 0.86
1.20 ± 0.26

Non-MCI (N=37)
59.86 ± 7.95
12 (32.43)
11.50 (9.00-14.50)
16 (43.24)
9 (24.32)
24.87 ± 2.86
21 (56.76)
3 (8.11)
8.81 ± 4.43
8.93 ± 1.94
2.08 ± 1.35
4.94 ±1.09
2.95 ± 0.68
1.21 ± 0.19

p-value
0.134*
0.168‡
0.003†
0.576‡
0.455‡
0.749*
0.439‡
0.177‡
0.041*
0.609*
0.399*
0.612*
0.549*
0.819*

22.00 (16.75-23.25)
85.00 (64.00-107.00)
195.00 (140.25-261.25)
4.00 (2.00-4.00)
11.00 (8.50-12.00)
16.00 (13.00-19.00)
7.00 (4.50-9.00)

26.00 (27.00-28.00)
64.00 (51.50-70.00)
155.00 (127-180.00)
4.00 (4.00-4.00)
12.00 (11.00-14.00)
18.00 (16.00-22.00)
10.00 (8.00-12.00)

<0.001†
0.002†
0.011†
<0.001†
<0.001†
0.003†
<0.001†

Data are presented as n (%), mean ± SD, or median (interquartile range) as appropriate. *Student’s t test. †Mann-Whitney U
test. ‡Chi-square test. Abbreviations: MCI, mild cognitive impairment; Non-MCI, participations without MCI; BMI, body mass
index; CHD, coronary heart disease; LDL, low density lipoprotein; HDL, high density lipoprotein; MoCA, Montreal Cognitive
Assessment; TMT-A, Trail Making Test-A; TMT-B, Trail Making Test-B; CDT, Clock Drawing Test; DST, Digit Span Test; VFT, Verbal
Fluency Test; ST, Similarities Test.

tests included Hamilton Depression Scale
(HAMD), and self-rating depression scale
(SDS). These tests were performed by an experienced neuropsychiatrist who was blinded
to the study design. None of the participants
displayed audiovisual or motor coordination
deficits that could affect the process.
Genotyping of GSK-3β rs334558 polymorphism
Genomic DNA was extracted from EDTA-treated
venous blood using the DNA purification kit
(Puregene, GentraSystem, Minneapolis, MN).
Polymerase chain reaction (PCR) restriction
fragment length polymorphism-based genotyping was performed to genotype the variants of
the GSK-3β gene (rs334558). The following
sense and antisense primers were respectively used: 5’-CTCGCTTCCTTCCTTCCTTT-3’ and
5’-CCGTCCTCAACTCTTCAAGC-3’. PCR was conducted in 30 μL reaction mixtures containing
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20.8 μL H2O, 3 μL 10×PCR buffer, 2 μL DNA, 1
μL primer forward (10 pmol), 1 μL primer
reverse (10 pmol), 0.2 μL Ex Taq and 2 μL dNTP.
The amplification condition was initiated at
96°C for 5 mins, followed by 30 cycles consisting of denaturation at 96°C for 20 s, 62°C for
20 s, and 72°C for 60 s, with a final extension
step at 72°C for 5 min. PCR amplification product was electrophoresed on a 1.5% agarose gel
at 100 V for 20 min. The presence of 220 base
pair (bp) and 124 bp bands indicated the existence of T allele, the presence of 344 bp bands
indicated the existence of C allele, and the
presence of 344 bp, 124 bp and 220 bp bands
indicated the existence of AG heterozygote.
Measurement of serum level of GSK-3β
Blood samples (2 mL) of diabetic patients were
collected in EDTA-containing tubes and centrifuged at 1000 g for 15 min. Serum was collected and kept frozen at -80°C until assayed. GSK-
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Table 2. Distributions of GSK-3β genotype and allele frequencies between groups
Group
MCI group
Control group

Genotype, N (%)
CC
TC
TT
16 (31.37)
30 (58.82)
5 (9.80)
15 (40.54)
14 (37.84)
8 (21.62)

Allele, N (%)
p-value*
0.112

C
62 (60.78)
44 (59.46)

T
40 (39.22)
30 (40.54)

p-value*
0.859

Data are presented as n (%). *Chi-square test. Abbreviations: MCI, mild cognitive impairment; GSK-3β, glycogen synthase
kinase-3β.

Table 3. Serum level of GSK-3β (ng/ml) in MCI and normal control patients with T2DM
Group
Total
Non-MCI
MCI
p-value*

Total
17.33 ± 16.33
18.63 ± 16.07
16.40 ± 16.61
0.355

CC
14.50 ± 12.83
14.83 ± 13.29
14.19 ± 12.82
0.968

Genotype
TC
18.74 ± 18.19
19.54 ± 17.14
18.37 ± 18.93
0.529

TT
19.37 ± 17.46
24.18 ± 19.04
11.67 ± 12.63
0.143

p-value†
0.753
0.461
0.665

Data are presented as mean ± SD. *Student’s t test. †Analysis of variance (ANOVA). Abbreviations: GSK-3β, glycogen synthase
kinase-3β; MCI, mild cognitive impairment; T2DM, type 2 diabetes mellitus.

3β concentration was assessed using the
ELISA kits (Uscn Life Science Inc, Wuhan,
Hubei, China) according to the manufacturer’s
instructions. Serum levels of GSK-3β of all subjects were measured on the same day to minimize the assay variance.

step-wise regression analysis was used to
explore the relationship between the cognitive
measures and demographic factors, serum
GSK-3β levels.

Statistical analysis

Demographic, clinical and neuropsychological
characteristics

Statistical analyses were conducted using
SPSS version 19.0 (SPSS Inc., Chicago, IL). All
of the tests were two sided, and statistical significance was defined as P<0.05. Data were
reported as mean ± standard deviation (SD),
median (interquartile range) or percentage as
appropriate. Student’s t test and ANOVA were
employed for normally distributed variables;
nonparametric Mann-Whitney U and KruskalWallis tests were employed for asymmetrically
distributed variables. Chi-squared (χ2) test was
used for the Hardy-Weinberg equilibrium, which
compares allelic and genotypic distributions
(Santiago Rodriguez, Tom R. Gaunt, and Ian N.
M. Day, Hardy-Weinberg Equilibrium Testing of
Biological Ascertainment for Mendelian Randomization Studies). The reference group comprised the carriers of the genotype CC. The
association between polymorphism and the
risk of MCI was estimated using odds ratio (OR)
and 95% confidence interval. Crude OR was
computed using Mantel-Haenszel χ2 test. The
correlation between serum GSK-3β concentration and clinical parameters were examined by
Pearson or Spearman rank correlation. Multiple
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Results

The demographic, clinical, and neuropsychological tests of the participants were summarized in Table 1. The MCI and healthy-cognition
diabetic patients were well matched in terms of
age, sex, smoking, alcohol use, BMI, hypertension and coronary heart diseases (CHD) prevalence (all P>0.05). Education level of the MCI
patients was lower and their diabetes duration
was longer than that of non-MCI patients (all
P<0.05). No significant differences were found
in HbA1c and lipid levels between two groups
(all P>0.05). The scores in the neuropsychological tests of T2DM patients with MCI were significantly lower than those with healthy cognition (all P<0.01).
Distributions of GSK-3β genotype and allele
frequencies between groups
The GSK-3β genotypes and allele frequencies
of MCI patients and control subjects were given
in Table 2. The distributions of GSK-3β genotypes were consistent with Hardy-Weinberg
equilibrium both in the non-MCI (χ2 =1.71, df=1,
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Table 4. Comparison of cognitive test levels according to GSK-3β genotypic subgroups
Cognitive
performances

MCI group

Non-MCI group

CC

TC

TT

p-value*

CC

TC

TT

p-value*

MoCA

22.00 (15.25-23.75)

22.00 (17.50-24.00)

22.00 (20.00-23.00)

0.869

27.00 (26.00-28.00)

27.00 (26.00-28.00)

27.00 (26.00-27.75)

0.720

TMT-A

87.00 (85.00-107.00)

77.00 (56.00-110.00)

71.00 (39.00-88.50)

0.186

65.00 (52.00-70.00)

65.00 (53.25-70.00)

55.00 (46.75-90.50)

TMT-B

198.00 (150.00-285.00)

180.50 (139.00-240.25)

135.00 (122.50-202.50)

0.220

136.00 (120.00-180.00) 157.50 (127.50-209.50) 158.50 (128.25-177.75)

0.861
0.586

CDT

4.00 (2.00-4.00)

3.00 (2.00-4.00)

4.00 (2.50-4.00)

0.840

4.00 (4.00-4.00)

4.00 (4.00-4.00)

4.00 (4.00-4.00)

DST

11.00 (8.00-11.75)

10.5. (8.25-12.00)

11.00 (10.00-13.50)

0.471

13.00 (11.00-14.00)

12.00 (11.00-13.00)

12.50 (9.75-14.50)

0.490
0.760

VFT

13.50 (12.00-18.75)

17.00 (13.25-19.00)

16.00 (13.50-20.00)

0.396

18.00 (17.00-22.00)

18.00 (16.75-22.25)

16.50 (13.25-24.75)

0.672

ST

7.50 (4.00-9.00)

8.00 (5.00-9.75)

6.00 (4.50-8.00)

0.605

10.00 (8.00-12.00)

9.00 (6.75-11.25)

9.00 (8.00-11.50)

0.526

Data are presented as median (interquartile range). *Kruskal-wallis test. Abbreviations: MCI: mild cognitive impairment; MoCA, Montreal Cognitive Assessment; TMT-A, Trail Making Test A; TMT-B, Trail Making Test B; CDT, Clock drawing test;
DST, Digit Span Test; VFT, Verbal Fluency Test; ST, Similarities Test.
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P>0.05) and MCI group (χ2 =2.79, df=1, P>0.05)
[15]. No significant differences were found in
GSK-3β genotype and allele distributions between the cases and the controls (χ2 =4.377,
df=2, P=0.112 and χ2 =0.031, df=1, P=0.859,
respectively).
Comparison of serum GSK-3β concentration
between case-control groups and different
GSK-3β genotypic subgroups
The serum GSK-3β concentration of the MCI
and the control groups, stratified by GSK-3β
genotypes were shown in Table 3. There was
no significant difference in the serum GSK-3β
concentration between MCI and healthy-cognition groups (16.40 ± 16.61 ng/ml vs. 18.63 ±
16.07 ng/ml, P>0.05). Nor difference was
found between these two groups in terms of
various GSK-3β genotypes (CC: 14.19 ± 12.82
vs. 14.83 ± 13.29, TC: 18.37 ± 18.93 vs.
19.54 ± 17.14 and TT: 11.67 ± 12.63 vs. 24.18
± 19.04, ng/ml, all P>0.05). Among the three
genotypic subgroups of the MCI group, there
was no statistically significant difference in the
serum level of GSK-3β.
Comparison of neuropsychological test scores
according to GSK-3β genotypic subgroups
Neuropsychological test scores were not found
significantly different between genotypic subgroups (CC, TC and TT) of GSK-3β rs334556
polymorphism in both the MCI group and control group (all P>0.05) (Table 4). These neuropsychological test scores included MoCA, TMTA, TMT-B, CDT, DST, VFT and ST scores.
Discussion
As far as we know, for the first time we currently
compared the distribution of genotype and
allele frequencies of GSK-3β rs334558 (-50C/
T) gene between T2DM patients with MCI and
healthy control participants. Our results showed that diabetic patients with MCI had lower
scores in the neuropsychological tests, but we
failed to find a significant association between
GSK-3β -50T and MCI in our diabetic patients.
Furthermore, there were no statistically significant differences in serum GSK-3β level and
neuropsychological test scores according to
genotypic subgroups. Among the three genotypic (TT, CC, and TC) subgroups of above two
groups, no statistically significant differences
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were found in the serum GSK-3β concentration
and neuropsychological test scores.
In contrast to our negative results, GSK-3β
rs334558 polymorphism was demonstrated to
be associated with AD, and -50T haplotype may
significantly increase the risk of developing MCI
and AD [9-11, 16]. The following factors may
explain our negative results. The differences in
the geographical distribution and demographic
variables (e.g., ethnicity, level of education) of
the participants may influence the susceptibility to the disease [17]. For GSK-3β gene, there is
an age-specific association with AD reported in
a past study, GSK-3β (-50) TT genotype is associated with an increased risk for late-onset
(after the age of 72 years) AD [9], our negative
finding might be attributable to age difference
of participants between the studies. Several
genes may contribute to the risk of MCI and AD,
among which apolipoprotein E (APOE), amyloid
precursor protein, presenilin 1, and presenilin 2
are considered the main risk factors for AD.
Clusterin, complement receptor 1 and sortilinrelated receptor have been identified novel
genes that might be associated with AD, and
GSK-3β gene may only have a small effect [18];
over five hundred SNPs are within GSK-3β gene
which may confer the risk of AD, GSK-3β
rs334558 could be in linkage disequilibrium
with another nearby functional polymorphism
[19]. Gene-environment interactions may also
lead to this discrepancy. In addition to these
interpretations, high blood glucose as a disorder of internal environment probably affects
the role of GSK-3β gene in susceptibility to the
disease.
Our data revealed that diabetic patients with
MCI had significant lower scores in the neuropsychological tests than normal. These correspond with a number of studies and epidemiological data that diabetes is an important independent risk factor for mild cognitive impairment in elderly person [20-24], and diabetic
patients experience multiple cognitive domains
including memory, information-processing speed and executive functions [25, 26]. Although
neuropsychological test scores were not found
significantly different between the subgroups
stratified by GSK-3β genotypes (CC, TC and TT)
in the diabetic MCI group, the small sample size
of the present study hindered the further stratification of the population excluding the gene
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association between GSK-3β rs334558 and a
broad range of cognitive domains.
Although several studies have previously investigated the association between GSK-3β protein levels, GSK-3β activity and cognitive performances in AD subjects, none have been performed in type 2 diabetic patients. Our results
failed to reveal elevated GSK-3β levels among
T2DM patients with MCI. Possible reasons may
explain the results. First, GSK-3β is highly
expressed in the brain, and also widely
expressed in readily available tissue such as
circulating lymphocytes and platelets [27-29].
Second, hyperactive GSK-3β has been reported to be associated with the formation of neurofibrillary tangles, which is important in the
pathophysiology of AD [30-33]. Platelet GSK-3β
activity, reflected by the proportion between
phosphor-GSK-3β to total GSK-3β, was significantly increased in patients with mild cognitive
impairment and AD. Serum GSK-3β level
couldn’t reflect the real level and activity in the
brain, which is directly associated with cognition status. GSK-3β activity, other than GSK-3β
level or not just in serum, should be further
determined in the diabetes with MCI. In addition to this, another limitation is that our sample size was not large enough. A larger sample
size and different ethnic populations can provide higher power to detect the associations
between SNPs and disease.
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