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Abstract

Cognitive impairment in patients with type 2 diabetes mellitus (DM-2) currently attracts a lot of attention due to their impact on
quality of life and the effectiveness of treatment. The aim of research is to find the most effective medication which influences the
cognitive functions positively. The research included 120 patients with average age of 61.22 + 8.6 and average DM-2 duration of
10.84 = 8.2 years. Mini Mental State Examination (MMSE), Montreal Cognitive Assessment (MoCA test), Trail Making Test
(TMT), Parts A and B, Hospital Anxiety and Depression Scale (HADS), and The Short Form-36 (SF-36) were used. It was
revealed that patients with DM type 2 had cognitive dysfunction generally presented by mild cognitive impairment. Patients with
DM-2 have an early manifestation of cognitive impairment. After the initial estimation of indicators, all the patients were taking
standardized extract Ginkgo biloba (EGb 761®) in the dose 240 mg a day for 6 months. Estimation of all the indicators after 3 and
6 months of treatment showed significant cognitive improvement. By matching the available experimental and clinical data, we
can conclude that in the setting of DM-2 EGb 761®, by producing a positive effect towards various factors which results from
insulin resistance of the brain, improves functions of the brain, which manifests in improvement of main QoL indicators in DM-2.

Keywords Diabetes mellitus type 2 - Cognitive decline - EGb 761 - Quality of life - Neurocognitive tests

1 Introduction Diabetes mellitus is defined by the WHO and UN as a

non-infectious disease with epidemic prevalence rate [1].

Cognitive impairment in patients with type 2 diabetes
mellitus (DM-2) currently attracts a lot of attention due
to their impact on quality of life and the effectiveness of
treatment. It is a problem of great importance to find the
most effective medication which influences the cognitive
functions positively.
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The number of patients suffering from DM increases ev-
ery year. There is no generally accepted definition of
QoL. Usually, it is explained as individual’s ability to
act in accordance with own public position and to enjoy
life. WHO defines QoL as individuals’ perception of their
position in life in the context of culture and value systems
in which they live and in relation to their goals, expecta-
tions, standards, and concerns. QoL evaluation shows dif-
ferent changes in patients’ condition predicated by their
health, both physical and psychological. Criteria of QoL
are divided into two groups: objective and subjective.
Objective criteria are occupational rehabilitation and
physical activity; subjective criteria are emotional status,
well-being, and life satisfaction [2].

QoL in patients with insufficient glycemic index con-
trol has statistically lower levels comparing with those
with constant glycemic index [3, 4].

The objective of this study is to determine if stan-
dardized extract Ginkgo biloba (EGb 761®) improves
the QoL indicators in patients with DM type 2. This
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Table 1 Assessment tools
Cognitive functions

Depression and anxiety

Baseline neurocognitive tests

Mini Mental State Examination (MMSE) [5]
Montreal Cognitive Assessment (MoCA test) [6]
Trail Making Test, Parts A and B [7]

Hospital Anxiety and Depression Scale (HADS) [8]

QoL The Short Form-36 (SF-36) [9]

objective required (a) evaluation of the QoL in patients
with DM type 2 and (b) revealing the affecting factors.

2 Materials and Methods

The research included 120 patients (70 females and 50 males)
with average age of 61.22 + 8.6 and average DM-2 duration of
10.84 £ 8.2 years.

Inclusion criteria were as follows:

*  Age of 40-75, presence of diabetes mellitus type 2;

»  Absence of complaints connected with memory problems;

» Absence of complaints connected with disorders of sensi-
tivity in extremities, pain and diminution of strength in
extremities;

» Signed informed consent of the patient for participation in
the study.

Exclusion criteria were as follows:

* Old apoplectic attack and/or myocardial infarction;

» Heart rhythm disorder (atrial fibrillation);

* Presence of hematological, oncological, serious infectious
diseases;

+ State after severe traumatic brain injuries and surgeries;

» Refusal to sign the Informed Consent of the patient for
participation in the study;

» Presence of other endocrine diseases;

» Retinopathy: pre- and proliferative phase;

+  Glomerular filtration rate below 60 ml/min/1.73 m?.

The assessment included evaluating the patients’ cognitive
functions, anxiety, depression, and QoL as shown in Table 1.

Statistical data processing was conducted using Statistica
10.0 package. The methods of descriptive statistics and the
estimation of distribution normality were used according to
the Shapiro—Wilk test. Spearman’s approach was used for cor-
relation estimation as some data had abnormal distribution.
The comparison between groups was conducted using the
Mann—Whitney U test. The results are represented as the av-
erage values and medians with quartile indication.

After the initial estimation of indicators, all the patients
were taking standardized extract Ginkgo biloba (EGb 761®)
in the dose 240 mg a day for 6 months. The repeated estima-
tion of all the indicators was performed after 3 and 6 months.

3 Results

It was revealed that patients with DM-2 type 2 had cognitive
dysfunction: 82.5% of patients had cognitive decline accord-
ing to MMSE and 80.6% of patients—according to the MoCA
test—were mainly due to decreased attention, short-term
memory and speed of thinking. In 80% of them, there was
registered a moderate cognitive decline, and 20% had a severe
cognitive decline at the border with dementia. Average results
of MMSE are 27 points (26; 27), MoCA 24 (22; 26) points,
TMT A 53 (38; 67) s, and TMT B 120 (82; 176) s.

QoL indexes in patients with DM type 2 are significantly
lower in comparison with general population and normal
scores as shown in Figs. 1 and 2.

Fig. 1 The QoL comparison in 120
general population and

conditional normal indexes. 100
Average QoL indexes in patients

with DM type 2, general § 80
population indexes and K]
conditional normal indexes, p < £ 60
0.001. PF physical functioning, =

RP role-physical functioning, BP S 40
bodily pain, GH general health, 20
VT vitality, SF social functioning,

RE role-emotional, MH mental 0
health. p <0.01 PF

Patients score

RP BP GH VT SF RE MH

General population indexes ~ ® Conditional norm
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Fig. 2 Dynamics of QoL indexes 80
respectively to disease duration.
Correlation of QoL indexes with 70
disease duration, *p <0.001. PF 2 60
physical functioning, RP role- % 50
physical functioning, BP bodily E 40
pain, GH general health, VT = 30
vitality, SF social functioning, RE 5.
role-emotional, MH mental 20
health, PCS physical component 10 I
summary, MCS mental 0
component summary. BP* GH VT* SF* RE* MH* PCS* MCS
Less than 5 years 5-10 years ®10-20 years ® Over 20 years
Fig. 3 Correlation of QOL 100
indexes with cognitive decline 90
(MMSE evaluation), *p <0.01 20
§ 70
5 60
E 50
= 40
< 30
20
10
0
BP GH* VT RE MH PCS* MCS
MMSE score 28-30 ~ MMSE score 25-27 ®MMSE score less than 25

Figure 1 represents the QoL comparison in general popu-
lation and conditional normal indexes.

Patients with DM-2 have an early manifestation of cogni-
tive impairment, which can affect both the QoL and the cor-
relation with disease duration as shown in Figs. 3 and 4.

The dynamics of results is statistically significant and has a
positive correlation. The QoL evaluation in relation to in-
crease of TMT performance time is presented in Figs. 5 and 6.

80

60 I [ I
% 50 I I .l I
3 I I &
£40 I I
- I
&30 I

I

20

10

0

PF* RP BP* GH* VT SF RE MH* PCS* MCS*

MoCA-test score 26-30 MoCA-test score Less than 25

Fig. 4 Correlation of QoL indexes with cognitive decline (MoCA test
assessment), *p <0.01

@ Springer

The results of emotional condition influence on the QoL
evaluation are presented in Figs. 7 and 8.

The research revealed negative correlation of QoL with
anxiety and depression. As anxiety and depression indexes
increase, the QoL score decreases—this tendency is observed
for all QoL factors.

Estimation of all the indicators after 3 and 6 months of
treatment with (EGb 761®) 240 mg a day showed significant
improvement of the MMSE and MoCA indicators. Further,

70

60

40

30

QoL indexes

20

SF MH PCS* MCS

Over 78 sec (TMT A)

PF* RP* BP GH* VT RE*

Less than 78 sec (TMT A)

Fig. 5 Correlation of QoL indexes with bradyphrenia severity (TMT part
A), *p<0.01
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Less than 273 sec (TMT B)

Fig. 6 Correlation of QoL 70
indexes with bradyphrenia
severity (TMT part B) *p < 0.01 60 I
2 50
)
2 40
=
= 30 I
<20
10
0
PF*
Fig. 7 Correlation of the QoL 90
with depression severity (HADS
assessment), p <0.01 in each QoL 80
indicators 70 I
wn
E 60
< 50
£
— 40
& 30

PF

0-7 by HADS

this improvement of indicators continued until at least
6 months as score comparison after 3 and 6 months showed
statistical significance of differences as shown in Table 2.
During treatment, decrease of average time of TMT-A per-
formance and increase of average time of TMT-B take place
as shown in Fig. 9. This phenomenon is due to the fact that the
patients who refused (could not) to perform the test (their data

Fig. 8 Correlation of the QoL 90
with anxiety severity (HADS
assessment), p < 0.01 in each QoL 80
indicators 70 I
g 60
)
< 50
£
= 40
<30
2
1

S o O

PF

0-7 by HADS

RP* BP* GH VT SF RE MH* PCS* MCS

Over 273 sec (TMT B)

&

:
)
20
10
0

MH PCS MCS
B More than 11 by HADS

BP GH VT
8-10 by HADS

was not included in the report) could perform it with a higher
time consumption after 3 and 6 months. The average result for
such patients amounted to above 273 s (the norm is 273 s). It
should be noted that there were no statistically significant
changes in time of TMT performance. The statistics enable
to state that bradyphrenia had not changed significantly over
the 6 months in this number of patients.

GH VT RE MH PCS MCS

8-10 by HADS  mMore than 11 by HADS
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Table 2 Comparison of the

results of MMSE and MoCA Test Before treatment

After 3 months of treatment After 6 months of treatment

indicators with those after 3 and

6 months of treatment MMSE

MoCA

26 (25; 27)
23 (21;25)

27 (26; 27), p* =0.04
24 (23; 25), p*=0.03

28 (27; 28); p*=0.03, p**=0.03
25 (25; 26); p*=0.01, p**=0.03

p*—significance of differences compared to the initial data (before treatment)

p**—significance of differences when indicators are compared after 3 and 6 months of treatment

The anxiety and depression score (HADS) has shown the
statistically significant improvement trend when the initial
data was compared to the data after 3 and 6 months, but further
improvement of the indicators (longer than 3 months) was not
revealed as shown in Table 3.

Integrative quality of life have shown improvement both
when the results after 3 and 6 months were compared to the
initial data and when the data was compared after 3 and
6 months; therefore, the positive changes continued as shown
in Table 4. Indicators of pain evaluation did not achieve the
statistically significant differences. It should be noted that pa-
tients with neuropathic pain were not included in the study.
The described pain is musculoskeletal pain and headache.

4 Discussion

Our study has shown that EGb 761°® produces positive effect
towards various QoL indicators in DM type 2.

Experimental models of DM-2 have repeatedly demon-
strated the protective effect of EGb 761 manifested in de-
crease of clinical presentations of algesic polyneuropathy, de-
celeration of development of atherosclerosis in model of DM-
2 [10], decrease in manifestation of diabetic enteropathy due
to influence towards the autonomic nervous system [11], and
decrease in myocardial injury caused by diabetic damage of
vegetative fibers, which characterizes it as a highly effective

Fig. 9 Time for TMT 180
performance before and during
treatment 160

140
120
100
80
60
40
20

Sec

Before treatment
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adjuvant for treatment of vegetative cardiovascular autono-
mous neuropathy [12]. EGb 761® produces the
nephroprotective effect in the setting of diabetic and hypoxic
nephropathy [13].

Intermittent hyperglycemia (IH) is one of the main
signs of DM-2, which has the principal importance for
development of cardiovascular complications that occur,
among other things, due to oxidative stress resulting in
endothelial dysfunction. A study performed on endothe-
lial cells of the umbilical vein subjected to IH has
shown that IH causes oxidative stress and oxidative
damage of DNA of endothelial cells [14]. This damage
can be inhibited by EGb 761% (25-100 pg/ml) with the
dose-dependent effect. Authors believe that the study
results can be used as a novel approach to endothelial
protection in TH.

It is commonly known that Alzheimer’s disease (AD) is
characterized by extracellular accumulation of amyloid-beta
and microglial inflammation. The anti-inflammatory effect
and mechanisms of the EGb 761° effect were studied in trans-
genic TgCRNDS mice with hyperexpression of amyloid pre-
cursor protein. The product was given with food during 2—
5 months; blood plasma concentration of the product was
maintained similar to that in persons administering the product
in the dose of 240 mg/day. A 5-month treatment course sig-
nificantly improved cognitive functions of the mice deter-
mined by the Barnes maze test, reduced losses of synaptic

After 3 months After 6 months

TMT-A (sec) TMT-B (sec)
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Table 3 Dynamics of depression

After 3 months of treatment After 6 months of treatment

and anxiety indicators (HADS Test Before treatment
score) during treatment
Depression 7 (4;10)
Anxiety 7(5;11)

6.5 (4;9), p*=0.01
7 (4; 10), p*=0.01

6.5 (4; 8); p*=0.01, p**=0.14
6 (4; 10); p*=0.03, p**=0.11

p*—significance of differences compared to the initial data (before treatment)

p**—significance of differences when indicators are compared after 3 and 6 months of treatment

proteins (PSD-95, Muncl18-1, and SNAP25), and inhibited
microglial inflammation. Also, secretion of microglia pro-
inflammatory cytokines by the cells was reduced (TNF-&
and IL-1f3 and activation of caspase-1), and microglial au-
tophagy was inhibited. Additionally, it was discovered that
EGb 761® decreased amyloidogenesis through inhibition of
beta-secretase and aggregation of amyloid-beta peptide [15].
Authors of another study confirm that catechins and
procyanidins, which are one of major active components of
EGb 761, possess the ability to inhibit aggregation of A-beta
amyloid protein and destabilize the formed fibrillae. A study
of isolated components of EGb 761® has shown that flavo-
noids 1, 3, and 4 possess the highest activity in inhibiting
aggregation of A-beta amyloid [16].

Currently, pathogenesis of cognitive disorders in the setting
of DM-2 and AD is viewed from the perspective of insulin
resistance of brain [17]. Common links of pathogenesis of
DM-2 and AD enable to call AD the type 3 diabetes mellitus
[18]. It is known that insulin regulates the peripheral homeo-
stasis of glucose. However, it has been established that insulin
signaling plays an important role in various sectors of brain
and ensures regulation of many functions, such as develop-
ment of neurons, glucose regulation, behavioral reactions,
bodyweight regulation, and cognitive processes, such as atten-
tion, executive functions, learning, and memory [19].

Current studies have shown that EGb 761® can efficiently
decrease insulin resistance induced by high-fat intake and im-
prove other symptoms of metabolic syndrome [20]. With a
model of palmitate-induced insulin resistance, it has been

established that EGb 761® decreases insulin resistance
through inhibition of stress kinases, NF-[kappa]B, and protein
kinase [theta] with partial recovery of insulin signaling [21]. A
study on a model of Otsuka Long-Evans Tokushima Fatty rats
with obesity and insulin resistance with EGb 761® in the dose
of 100 and 200 mg/kg has shown that the extract possesses the
dose-dependent effect of decrease of the intima-media ratio,
decelerated proliferation of arterial smooth muscle cells.
Kaempferol and quercetin possess the highest activity in this
regard. Authors conclude that EGb 761® plays a protective
role in development of atherosclerosis and can be an athero-
sclerosis prophylaxis product [10].

In the clinical aspect, the fact that EGb 761® does not
influence pharmacokinetics of metformin widely used in treat-
ment of DM-2 is quite important [22].

Depression and anxiety significantly affect quality of life.
Experimental studies that have shown ability of EGb 761°® to
improve symptoms of depression and anxiety [23], including
through modulation of secretion of dopamine and serotonin in
the brain [24-26], have confirmation in clinical studies [27-29].

5 Conclusions

By matching the available experimental and clinical data, we
can conclude that in the setting of DM-2 EGb 761®, by pro-
ducing a positive effect towards various factors which results
from insulin resistance of the brain, improves functions of the
brain, which manifests in improvement of main QoL

Table 4 Changes in QoL

After 3 months of treatment After 6 months of treatment

indicators during treatment with QOL indicators Initial data

EGb 761°
PF 51.07 £ 29.24
RP 39.54 + 37.24
BP 48.84 £ 259
GH 4586 + 14.91
VT 48.78 £ 19.64
SF 61.86 + 24.54
RE 4048 +43.17
MH 5543 +£17.76

65.02+25.12, p*=0.02
42.8+42.36, p*=0.05
49.84+£26.27, p*=0.07
55.56+19.35, p*=0.01
55.15+21.97, p*=0.03
69.67+22.43, p*=0.04
47.23 £38.96, p* =0.027
70.82+19.97, p*=0.01

77.12+22.11; p* = 0.01, p**=0.02
52.8+35.36; p* =0.04, p**=0.03

50.68 25.04; p* = 0.06, p** = 0.08
66.78 +25.32; p* = 0.01, p**=0.03
68.25+22.88; p*=0.01, p**=0.01
72.42435.27; p*=0.04, p*+=0.04
57.87427.56; p*=0.01, p**=0.02
82.71+29.82; p*=0.01, p**=0.01

p*—significance of differences compared to the initial data (before treatment)

p**—significance of differences when indicators are compared after 3 and 6 months of treatment
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indicators in DM-2. EGb 761® in the dose of 240 mg/day can
be recommended to all patients suffering from DM-2 for pro-
phylaxis and treatment of cognitive decline and improvement
of quality of life. The effect of the product is noted after
3 months of continuous treatment with increase until the sixth
month of continuous treatment.

It is necessary to take into account that the level of the QoL
in patients with DM is lower in comparison with general pop-
ulation, mainly, in relation to RF (»p <0.01) and RE (p <0.01).
Cognitive impairments in patients with DM-2 significantly af-
fect the factors of the QoL. Patients with cognitive impairment
have statistically lower levels of the QoL (p < 0.01). The QoL is
adversely affected by both depression and anxiety (p < 0.01).

Funding Information The reported study was supported by the program
of competitive growth of Kazan Federal University.
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