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Purpose. To explore whether pregnant women with gestational diabetes mellitus (GDM) had cognitive impairment and assess
cognitive function in normal pregnant women.Methods. A total of 75 consecutive women diagnosed with GDM (GDM group), 70
normal pregnant women (NP group) without diabetes and matched for age, and 51 female volunteers (CG group) with the similar
age level, normal blood glucose, and nonpregnancy were included in the study. For the assessment of cognitive functions,
Montreal Cognitive Assessment (MoCA) was performed. Venous blood samples were collected to measure blood glucose,
glycated hemoglobin (HbA1c), methylglyoxal (MGO), beta amyloid (Aβ), and tau protein. Results. )e score of MoCA of GDM
was lowest, and the score of the NP group was lower than volunteers (P< 0.05). )e incidence of cognitive dysfunction increased
significantly in the GDM group with statistical significance (P< 0.05). )e levels of tau and MGO in the GDM group were
significantly less than those in the NP and CG groups, and Aβ in the GDM group was significantly more than that in the NP and
CG groups (P< 0.05), but the differences between NP and CG groups were not statistically significant (P< 0.05). Conclusion. )e
pregnant women with GDM showed a significant decline in cognitive function, and the normal pregnant women also showed a
decline in cognitive function which is very light.

1. Introduction

Gestational diabetes mellitus (GDM) occurs in pregnant
women who were not diagnosed with diabetes before
pregnancy but have abnormal result of OGTT or/and high
blood glucose levels during pregnancy, usually around the
24th week, by the American Diabetes Association [1].
According to the most recent International Diabetes Fed-
eration (IDF) estimates (2019), GDM affects approximately
13.2% of pregnancies worldwide, representing approxi-
mately 17 million births annually. )e risk factors of GDM
include older age, overweight and obesity, previous GDM, a
family history of diabetes, and a history of stillbirth or giving
birth to an infant with a congenital abnormality. GDM

usually exists as a transient disorder during pregnancy and
resolves once the pregnancy ends. However, it can have
long-lasting health consequences, including increased risk
for type 2 diabetes (T2DM) and cardiovascular disease
(CVD) in themother, and future obesity, and/or GDM in the
child [2].

)e pathogenesis of GDM is still not clear, although
there are many risk factors, similar to type 2 diabetes
(T2DM). Cognitive dysfunction in cases with long standing
T2DM has been widely reported [3]. And, decline of verbal
memory, associate learning, and verbal recall in normal
pregnant women have been reported [4–6]. However, few
studies have identified cognitive dysfunction in GDM pa-
tients [7]. )erefore, this study observed the cognitive
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function of pregnant women, especially who are suffering
from GDM and tried to improve the evidence from the
serological point of view.

2. Materials and Methods

2.1. Subjects and Protocol. Patients aged 18–35 years with
American Society of Anaesthesiologists (ASA) physical
status I-II were admitted to the study. A total of 101
consecutive women with GDM who were diagnosed,
followed, and treated at the First Affiliated Hospital of
Harbin Medical University included in the study. 76
pregnant women without diabetes and matched for age
constituted the normal pregnancy group (NP). And, we
recruited 51 female volunteers with the similar age level,
normal blood glucose, and are not pregnant formed the
control group (CG). All the patients and volunteers read
and signed the informed consent forms before enrolling
in the study. )e study protocol was approved by the
Ethics Committee of First Affiliated Hospital of Harbin
Medical University, which was registered with the Chi-
nese Clinical Trial Register (registration number:
ChiCTR2000038703).

GDM was diagnosed with at least one abnormal result
during OGTT: plasma glucose during fasting ≥92mg/dL
(5.1mmol/L) or at 1 h ≥180mg/dL (10.0mmol/L) or at 2 h
≥153mg/dL (8.5 mmol/L). Cases with fasting plasma
glucose ≥126mg/dL (7.0 mmol/L), HbA1c ≥6.5%, or a
random plasma glucose ≥200mg/dL (11.1 mmol/L) were
diagnosed with overt diabetes and excluded. Cases with
pregestational T1 or T2DM were not included in the study.
Cases with unnatural pregnancy or gestational period <37
weeks or >41 weeks were excluded. Subjects on medica-
tions affecting cognitive functions including corticoste-
roids, antidepressants, or antiepileptics were also not
included. Additionally, subjects suffering from any
chronic metabolic, endocrine, inflammatory diseases,
cancer, subjects who had drug or alcohol dependency,
history of major brain abnormalities (e.g., tumors and
hydrocephaly), epilepsy, and Parkinson’s disease were
excluded. )e Hamilton Depression Rating Scale (HAMD)
was used to assess the psychological status of pregnant
women and those with a score of more than 7 might have
depression and were excluded [8].

On the survey date, all enrolled patients underwent
routine medical history inquiries, physical examinations,
and laboratory measurements. Clinical research coordi-
nators used a standard questionnaire to collect information
on demographic characteristics and a medical history.
)ere were no racial/ethnic, educational, or socioeconomic
differences between the groups (Table 1). All pregnant
women were instructed to maintain their usual physical
activity and diet for at least 3 days before the survey. After
an overnight fasting of ≥10 h, venous blood samples were
collected to measure blood lipids, glycated hemoglobin
(HbA1c), methylglyoxal (MGO), beta amyloid (Aβ), and
tau protein activity. Blood samples were stored at −80°C,
and all parameters were measured within 6 months of
sample collection.

2.2. Assessment of Cognitive Function. For the assessment of
cognitive functions, Montreal Cognitive Assessment
(MoCA), which is a brief cognitive screen across a variety of
clinical settings and widely used, was performed [9]. )e
assessment was conducted in a quiet room without dis-
tractions by a physical therapist trained in the administra-
tion of the MoCA questionnaire. )e total score of the
respondents with less than 12 years of education can be
increased by one point on the premise that the total score
does not exceed 30 points.

2.3. Statistical Analysis. )e data were statistically analyzed
with the SPSS 19.0 package program. All measures were
tested for normality and homogeneity of variance. Nor-
mally distributed data are expressed as means± SD.
Continuous variables with normal distribution were
compared by using the Student’s t-test and those with
nonnormal distributions were compared by using the
Mann–Whitney U-test, and the multiple comparison
between groups was performed by the LSD method. )e
count data were described by percentage, and the
comparison between groups was performed by χ2-test,
which were two-sided tests. P< 0.05 was considered sta-
tistically significant.

3. Results

)e study plan included 177 pregnant women and 51 vol-
unteers, and a total of 145 pregnant women and 51 volunteers
were eventually enrolled, including 75 pregnant women with
GDM in the GDM group, 70 normal pregnant women in the
NP group, and 51 volunteers in the CG group (Figure 1).

Compared with the CG group, the score of visuospatial/
executive, attention, delayed recall, and total was signifi-
cantly lower in the GDM and NP group, and the language
score was lower in the GDM group (P< 0.05). Compared
with the NP group, the score of visuospatial/executive,
language, delayed recall, and total was significantly lower in
the GDM group (P< 0.05) (Table 2).

)e levels of tau and MGO in the GDM group was
significantly less than these in the NP and CG groups
(P< 0.05), but the differences between NP and CG groups
were not statistically significant (P< 0.05). )e level of Aβ in
the GDM group was significantly more than that in the NP
and CG groups (P< 0.05), and the differences between NP
and CG groups were not statistically significant (P< 0.05),
though the level of tau in NP was more than that in the CG
group (Figure 2).

4. Discussion

)e viewpoint that pregnant women suffer from deficits in
memory is widespread, while the related documents are
limited, especially in humans [10]. In this study, we found
pregnant women did have a decrease in cognitive function
scores. And, the incidence of cognitive dysfunction in
pregnant women with GDM is much higher than that in
normal pregnant women. Among all the tests of MoCA
score, the most significant change was delayed recall.
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In fact, the effect of childbirth on women’s cognitive
ability is an obscure issue, because it may affect the job
opportunities of working women of childbearing age. So, we
discuss the impact of pregnancy on women’s cognitive

function with caution. Actually, the average score of normal
pregnant women is indeed lower than that of volunteer
women with the similar age, from the MoCA score point of
view. But the degree of this cognitive function decline is

Table 1: Demographic characteristics.

GDM NP CG F P

Sample 73 70 51
Age 29.70± 3.06 29.56± 3.39 29.52± 3.33 0.06 0.95
Height (cm) 164.75± 4.58 164.61± 5.08 164.28± 5.03 0.14 0.87
Weight (kg) 77.86± 10.46 74.25± 8.97 58.65± 7.49 68.32 <0.001
Glucose 4.95± 1.29 3.99± 0.76 4.69± 0.55 18.90 <0.001
Hba1c (%) 5.83± 0.63 4.74± 0.93 8.24 <0.001
Education (%) 0.02 0.99
Primary school 4 (5.5) 3 (4.3) 1 (2.0)
High school 19 (26.0) 18 (25.7) 14 (27.5)
University 50 (68.5) 49 (70.0) 36 (70.6)
Data are expressed as means± SD or number.

Group CG
N = 51

Group GDM
N = 75

Group NP
N = 70

Group GDM
N = 73

Withdraw
N = 2

reason: neonatal death

177 pregnant women and
51 volunteers assessed for eligibility

145 pregnant women and 51
volunteers were divided into

groups according to pregnancy and
gestational diabetes mellitus

32 excluded
10 diagnosed with overt diabetes

4 with pregestational type 1 or type 2 diabetes
12 refused to participate

6 other reasons

Figure 1: Patient recruitment flowchart.

Table 2: MoCA test score.

GDM NP CG P (GDM vs. NP) P (GDM vs. CG) P (NP vs. CG)
Sample 73 70 51
Visuospatial/executive 4.42± 0.84 4.55± 0.63 4.94± 0.35 0.24 <0.001 0.002
Naming 3.00± 0.00 3.00± 0.00 3.00± 0.00 — — —
Attention 5.52± 0.84 5.57± 0.70 5.82± 0.27 0.66 0.02 0.04
Language 2.64± 0.52 2.82± 0.41 2.95± 0.21 0.01 <0.001 0.09
Abstraction 1.97± 0.15 1.97± 0.14 2.00± 0.00 — — —
Orientation 6.00± 0.00 5.99± 0.10 6.00± 0.00 — — —
Delayed recall 2.81± 1.15 3.62± 1.21 4.18± 0.91 <0.001 <0.001 0.01
Total 26.98± 1.79 28.01± 1.85 29.00± 1.18 <0.001 <0.001 <0.001
Data are expressed as means± SD or number.
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lighter comparing with the pregnant women with GDM. In
the late stages of pregnancy, most pregnant women will be
out of the working environment, and the brain belongs to
excessive relaxation state in terms of cognition that may be
one of the reasons of the mild cognitive decline in pregnant
women [11, 12]. Mild stress, anxiety, and depression about
childbirth during pregnancy may also affect the cognitive
function of pregnant women to a certain extent [13, 14].
However, most of these bad emotions during pregnancy
would disappear with childbirth. On the other hand, the
levels of Aβ and tau were much closer to normal women.
)erefore, we think the decline of cognitive of pregnant
women was minimal and less influential.

However, cognitive decline in women with GDM is less
optimistic. At first, the average score of MoCA was the
lowest, and the difference was statistically significant. And,
the levels of tau were lowest, while those of Aβ were highest.
)e changes of these plasma markers should be paid much
more attention, though the pregnant women with GDMmay
need to face more serious emotions problems that may affect
cognitive function.

Aβ and tau are a group of plasma markers related to
cognitive function. )e primary pathological changes in
Alzheimer’s disease (AD) are intracellular neurofibrillary
tangles induced by tau phosphorylation and intercellular
senile plaque accumulation induced by oligomerization of
Aβ protein [15]. )e toxic effects of Aβ can lead to dys-
function in neurotrophic factor expression. Compared
with cognitive impairment, we are more worried about the
changes of serum markers, suggesting that the effect of
this cognitive impairment is long-term and even can cause
AD.

MGO is advanced glycation endproducts (AGEs), a
highly reactive α-dicarbonyl that is mainly generated as a
byproduct of glycolysis and auto-oxidation of glucose which
can initiate potentially deleterious changes, leading to
protein dysfunction, have raised concern in relation to
healthy living [16, 17]. MGO has been implicated in the
pathogenesis of T2DM, vascular complications of diabetes,
and several other age-related chronic inflammatory diseases

such as cardiovascular disease, cancer, and disorders of the
central nervous system [18].

Increased levels of AGEs were reported in brains of AD
patients and were also found to be associated with the
amyloid plaques and the neurofibrillary tangles (NFTs)
[19, 20]. Many studies have reported the capacity of MGO
intermediates to induce cellular damage and contribute to
the pathogenesis of many neurodegenerative diseases [21].
For instance, increased intracellular reactive oxygen species
production, tau hyperphosphorylation, and mitochondrial
dysfunction were observed in neuronal cells following MGO
treatment [22]. )e intracerebroventricular (ICV) admin-
istration of MGO induced tau hyperphosphorylation and
caused hippocampal damage and memory impairment in
mice [23]. So, we believe that the increasing MGO of GDM
pregnant women is the reason of mild cognition decline.

In this experiment, the results of MOCA score and
serum indicators of perinatal GDM pregnant women are
consistent. )e mechanism of memory loss in pregnant
women with perinatal GDM may be complex. In recent
years, more and more attention has been paid to the rela-
tionship between diabetes and cognitive impairment.
Compared with the general population, cognitive dysfunc-
tion in patients with type 2 diabetes is 1.5–2 times higher
[24, 25]. Many studies support this view, and diabetic pa-
tients have a greater risk of cognitive impairment [26, 27].
)e mechanism may be related to protein aggregation, in-
sulin damage, oxidative stress, inflammatory reaction, and
the generation of diabetes end products. )is study is also in
line with this view.

GDM is considered to be a prediabetic state, and the
pathology of them is significantly correlated. In recent years,
studies have shown that abnormal lipid metabolism can be
widely involved in the pathophysiological process of a series
of metabolic diseases such as obesity and type 2 diabetes by
mediating oxidative stress and other signal transduction
pathways. )ere are many studies on oxidative stress and
inflammatory reaction in GDM pregnant women. Moni-
toring the serum C-reactive protein (CRP) level in early
pregnancy is of great significance for predicting GDM [28].
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Figure 2: Concentration of (a) Aβ-42, (b) tau, and (c) MGO of each group; compared with NP group, #P< 0.05; compared with CG group,
∗P< 0.05.
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Moreover, the study indicates that interleukin-6 (IL-6) and
8-isoprostaglandin F2 α (8-iso-pgf2 α) are significantly in-
creased in GDM. )ese mechanisms may be involved in the
cognitive dysfunction of GDM pregnant women, and the
specific mechanism needs to be further studied.

5. Conclusion

)epregnant women with GDMhave a significant decline in
cognitive function, and the normal pregnant women have
also a decline in cognitive function which very light.
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