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Abstract

The aim of our study is to examine the effect of obstructive sleep apnea syndrome (OSAS) on the cognitive functions of
the brain in patients with type 2 diabetes.

Materials and methods. The study involved patients with clinically and laboratory proven type 2 diabetes mellitus. The
cases group (Group 1) included patients with OSAS. The control group (Group 2) included patients without OSAS. Sleep
duration and quality were assessed using respiratory monitoring. OSAS was screened using a portable night monitor.
Cognitive assessment is performed using the Montreal Cognitive Test (MoCA). Three MoCA subscales were analyzed:
visual-constructive function, executive function, and orienting function.

Results. A total of 94 patients (58 women and 36 men, 61.7% vs 38.3%) took part in the study. The age ranged from 45
to 59 years. The MoCA subscales - visual-spatial and executive functions, Clock and Orientation, were lower in the main
group compared to controls (p<0.05). In the control group, significant correlation between the MoCA indicator and BMI
(r=0,39; p=0,015), waist circumference (r=0,48; p=0,002), neck circumference (positive) (r=0,33; p=0,040) and Hbalc
(negative) was found. In the main group, 32.7% of participants had MoCA score below 26, in the control group - only 67.3%

Conclusion. Lower sleep efficiency is associated with lower cognitive function in patients with abnormal glucose
tolerance. Whether sleep optimization may improve cognitive function in these patients should be explored.

Key words: obstructive sleep apnea, type 2 diabetes mellitus, respiratory monitoring, cognitive function, MoCa.
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Llenb: u3yuntb BinsHne cungpoma obcTpyktuHOro anHod cHa (COAC) Ha KOrHUTWBHbIE (DYHKLWW FOMOBHOTO MO3ra Y
BonbHbIX CaxapHbIM anabeTom 2 Tna.

Martepuansbi n MmeToabl: B nccnenoanue Gbinu BKIIOYEHbI MALMEHTHI C KITMHUYECKW U TabOpaTOPHO NOATBEPKAEHHBIM
caxapHbiM auabetom 2 Tuna. B rpynny cnyyaes (rpynna 1) Bowrm nauneHTsl ¢ COAC. B koHTponbHyto rpynny (2-1 rpynna)
BowLnm naumeHTbl 6e3 COAC. MpogonKuTensHOCTb U Ka4eCTBO CHa OLIEHUBANM C MOMOLLbIO PECIUPATOPHOTO MOHUTOPUHTA.
COAC KoHTpOnMpoBanu ¢ NOMOLLBI0 MOPTATUBHOTO HOYHOTO MOHUTOPA. KOrHUTUBHOE OLieHUBAHWE NPOBOAUTCS C MOMOLLbIO
MoHpeanbckoro korHuTueHoro Tecta (MoCA). beinu npoaHanuanpoBaHbl Tpu noaLkansl MoCA: 3puTenbHO-KOHCTPYKTUBHAS
(OYHKLMS, CNONHUTENbHAA YHKLMSA U PYHKUMS OPUEHTUPOBKN.
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Pe3ynbTatbl: Beero B uccnegoBaquy npuusnm yyactue 94 naupenta (58 xeHwmH n 36 myxynH, 61,7% npotus 38,3%).
Bospact konebancs ot 45 no 59 ner. Mogwkansl MoCA - 3puTenbHO-NPOCTPAHCTBEHHbBIE U UCTIONHUTENbBHbIE (YHKLMN,
Yackl 1 OpueHTaums - Bbinu HWKE B OCHOBHOW rpynne no CpaBHeHW0 ¢ koHTponem (p<0,05). B koHTponbHOW rpynne
BbISiBNEHa JOCTOBEPHas koppensauus mexay nokasatenem MoCA n UMT (r=0,39; p=0,015), okpyxHocTbio Tanum (r=0,48;
p=0,002), okpyHOCTbtO Wem (nonoxutensHas) (r=0,33); p=0,040) u Hbalc (oTpuuatensHbiin). B ocHosHOM rpynne 37,2%
yyacTHukoB umenu 6ann MoCA Hike 26, B KOHTPONBHOM rpynne - Tonbko 67,3%.

3aknioueHune. bonee Huskas 3hHEKTMBHOCTL CHA CBSI3aHa C 6onee HU3KOW KOTHUTUBHOM (DYHKLMEN Y NaLyMeHTOB C
aHOManbHOW TONEPaAHTHOCTLIO K rrioko3e. CnedyeT M3yynTb BOMPOC O TOM, MOXET MW ONTUMMU3AUMS CHA YMyulnTb
KOTHUTWBHbIE PYHKLMN Y STUX NALMEHTOB.

Knrovesble crnoea: obcmpykmugHOe anHO3 CHa, caxapHbill Ouabem 2 muna, pecnupamopHbili MOHUMOPUHE,
KoeHumusHble gyHkuyuu, MoCa.
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OBCTPYKTUBTbI ¥MKbl AlTHO3 CUHAPOMbIHbIH XXOHE
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AYPYXAHANbIK KEUC-BAKBIJIAY
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3epTTey MaKcaTbl: 2 TUNTi KaHT AuabeTiMeH aybpaTblH HayKacTapAblH OGCTPYKTUBTI YIKbl anHo3 CUHLPOMbIHbIH
(¥OAC) MuIbIH, KOrHUTUBTI KbI3METIHE SCEpiH 3epTTey.

Matepuanpap MeH apicTep: sepTTeyre KNMHUKambIK XoHe 3epTXaHanblk pacTanFaH 2 TWUNTI KaHT auabeTi Gap
HaykacTap eHrisingi. Ictep TobbiHa (1-ton) ¥OAC 6ap Haykactap kipgi. Bakbinay TobbiHa (2-wi ton) ¥OAC xok
naumeHTTep Kipgi. ¥MKbIHbIH Y3aKTblFbl MEH canachl pecnupatoprblk bakbinay apkpinbl 6aranaHgsl. YOAC noptatusTi
TYHri MOHUTOpMeH Gackapbingbl. KorHutusti 6aranay MoHpeans korHuTueTi TecTti (MOCA) apKbinibl xy3ere acoipbinagbl.
MoCa-HblH, YW ilKi Lkanackl TanpaHdbl: BWU3yanabl-KOHCTPYKTWBTI (DYHKUMS, aTKapylwbl (yHKUuMs xoHe bargapnay
(DYHKLMACHI.

HoTuxenepi xoHe Tankbinaybl: 3eptteyre 6apnbifbl 94 naumeHT KatbicTsl (58 aiten xoHe 36 ep agam, 61,7%
Kapcbl 38,3%). Xacbl 45 neH 59 xac apanbifbiHga 6ongsl. MoCa ki Wkananapbl-Bu3yanabl-KEHICTIKTIK XaHe aTkapyLubl
(yHKumsnap, carat xoHe OaFaap-bakbinaymeH canbiCTbipFaHga Herisri Tonta TemeH bongbl (p<0,05). bakbinay ToBbIHAA
MoCA xeHe [leHe canmarbiHbIH MHAEKCH kepceTkiwi (r=0,39; p=0,015), 6en weHbepi (r=0,48; p=0,002), MoAbIH LWeHBePi
(oH) (r=0,33) apacbiHgaFbl ceHimai koppensauus aHbiktangbl; p=0,040) xoHe Hbalc (tepic). Herisri TonTa
KaTbicywwbinapasiH, 37,2% - MoCa ynaiibl 26-TeH TemeH 6onca, 6aksinay TobeiHaa Tek 67,3% bongel.

KopbITbIHABI. Y/KbIHbIH, TOMEH TUIMAINIri rMoko3aFa Te3iMAINIr KanbinTaH ThiC HayKacTapaa KOrHUTUBTI DYHKLMSHBIH
TOMeHAeyiMeH 6alinaHbICTbl. Y¥iKbIHbI OHTaNNaHAbIPY OCbl HayKaCTapAblH, KOTHUTUBTI KbIBMETIH XaKcapTa ana Ma [ereH
CYPaKTbl 3epTTeY KEPEK.

TyliHOi ce3dep: ylKbiHbIK 0bcmpykmuemi anHod CuHOPOMbI, 2 munmi KaHm Auabemi, mbiHbiC anyOb! bakbinay,
KkozHumusmi gyHkyusi, MoCa.
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Introduction

Type 2 diabetes mellitus (DM-2) is a major medical and
social health problem in most countries of the world.
According to the International Diabetes Federation (IDF), in
2021the number of patients with diabetes in the world
exceeded 536 million people, which is about 10% of the
adult population of the world [6]. The number of patients
with diabetes mellitus is expected to reach 642 million
people by 2040 [1].

Obstructive sleep apnea (OSA) is a common sleep
disorder in patients with type 2 diabetes mellitus. The
incidence of OSAS among patients with obesity and type 2
diabetes is higher than in the general population. The
prevalence of OSAS in the general population varies
between 23 and 49% [16]. While, according to the Sleep
Action for Health in Diabetes (AHEAD) study, the
prevalence of this disorder in patients with obesity and type
2 diabetes reaches 88% [7].

OSA is a condition in which recurrent episodes of complete
or partial obstruction of the upper airways develop, resulting in
a decrease in blood oxygen saturation [11]. Oxygen deficiency
as a result of repeated episodes of upper airway obstruction
leads to intermittent hypoxia, which, in turn, leads to activation
of the hypothalamic-pituitary-adrenal system and a shift in the
balance of the autonomic nervous system in favor of its
sympathetic division.

Current evidence suggests that OSAS can contribute to
the development of carbohydrate metabolism disorders,
including type 2 diabetes mellitus and increased insulin
resistance. [15] Intermittent hypoxemia and sleep
fragmentation are cardinal features of OSAS and are likely
in the causal pathway leading to metabolic dysfunction. A
number of studies have shown that nocturnal hypoxemia in
OSAS contributes to the development and progression of
non-alcoholic fatty liver disease (NAFLD), which potentiates
insulin resistance by reducing the activity of the insulin
signaling pathway and subsequent disruption of intracellular
glucose functioning transporters (GLUTs) [2]. Several
cross-sectional studies demonstrated an independent
association between the severity of OSAS and insulin
resistance in individuals without type 2 diabetes [8]. In
healthy volunteers, exposure to 5 hours of intermittent
hypoxia during wakefulness led to a 17% reduction in
insulin sensitivity without a simultaneous increase in insulin
secretion. In another experiment, however, exposure to 3
hours of intermittent hypoxia resulted in an increase in
plasma glucose levels without changes in insulin secretion.
Therefore, there may be a threshold regarding the intensity
of hypoxemia or duration of exposure that may lead to an
adverse impact on insulin sensitivity. The sleep
fragmentation using acoustic stimuli to suppress non-rapid
eye movement (REM) slow-wave sleep or to fragment non-
REM sleep reduced insulin sensitivity by 20% to 25%.

Cognitive decline is another important consequence of
OSAS. Cognitive functions help us to process the complex
knowledge about the world. These include perception,
psychomotor functions, speech, attention, memory, control
functions, social intelligence.

R.S. Bucks et al. proposed two possible mechanisms of
the OSAS effect on cognition. First, cognitive decline may
be the result of daytime sleepiness, followed by impaired
concentration. Secondly, OSAS can lead to remodeling of
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the vascular system of the brain [3]. In addition, it was found
that in people with OSAS the hippocampus, which plays a
significant role in learning and memory, is also involved in
the pathological process [19].

At the same time, type 2 diabetes mellitus itself is a
significant risk factor for the development and progression
of cognitive impairment. It has been established that
dementia in patients with type 2 diabetes is diagnosed on
average 2.5 years earlier than in the general population. In
turn, in patients with type 2 diabetes with an
apnea/hypopnea index (AHI) 215 had the 1.9 times higher
risk of dementia [7]. The cognitive abilities also correlate
with snoring activity, and this association differs between
age groups. This means that the children are more
vulnerable for snoring influence on cognitive abilities rather
than older groups of people.

Cognitive  impairment is a socially significant
complication of type 2 diabetes that largely determines the
prognosis and quality of life. We suggest that there might be
a relationship between snoring and cognitive dysfunction in
a way that snoring tends to negatively alter the cognitive
thinking. Dementia is mainly manifested by a decrease in
memory and cognitive functions, as well as personality
changes, which lead to serious consequences for social
interaction, professional development and life of patients.
Therefore, timely detection of risk factors for cognitive
impairment, including OSAS, in patients with type 2
diabetes can have a positive effect on the rate of
development and progression of cognitive dysfunction and
dementia.

The aim of our study is to study the effect of obstructive
sleep apnea on the cognitive functions of the brain in
patients with type 2 diabetes.

Materials and Methods

Study design and participant selection.

This study was performed in 2021 at the Department of
Neurology of the NAO Medical University of Astana, in the
Endocrinological department, the 1st city clinical hospital in
Nur Sultan. In working with patients, the ethical principles
presented by the Helsinky declaration of the World Medical
Association “Ethical Principles of Scientific and Medical
Research with the Participation of Human (with the
amendments of 2008) were observed. All examined
persons gave informed consent to participate in the study
and publishing its results in print media, were familiarized
with the aim of this work and the design of the study. The
research plan was approved by the local bioethical
committee at the Astana Medical University No.3 dated
16.01.2020).

Selection criteria: disease duration of at least 1year,
glycosylated hemoglobin index (HbA1C) >6.5, the presence of
hypoglycemic conditions. Exclusion criteria: the presence of
severe or unstable concomitant somatic pathology, strokes and
transient ischemic attacks, traumatic brain injuries, CNS
tumors, CNS diseases (inflammatory, degenerative, epilepsy,
cerebral palsy), as well as mental disorders, depression,
dementia, alcoholism or drug addiction.

Outcomes

The diagnosis of type 2 diabetes was established by an
endocrinologist.

Sleep parameters were assessed using respiratory
monitoring with a portable apparatus of Somnocheck Micro,
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Cardio, Germany [5]. This device allows you to assess the
severity of the degree of apnea, hypopnea, the level of
blood saturation with oxygen, the intensity of snoring, the
frequency and duration of breathing stops in a dream. The
results of the assessment were evaluated in accordance
with the recommendations of the American Academy of
Sleep Medicine guidelines [9]. During the respiratory
monitoring we recorded nasal breathing during the night,
saturation of hemoglobin with oxygen (SPO2), and heart
rate. The pulse waves obtained using
photoplethysmography were analyzed jointly with the
respiratory flow signals to differentiate obstructive and
central apnea and provide information about the degree of
fragmentation of sleep [10].

The Apnea-Hipopnea (AHI) index was calculated as a
ratio obtained by dividing the total duration of Apnea and
hypopnea observed during sleep, for the total duration of
sleep[13], [14]. Based on the level of IAG, 5-15, 15-30 and>
30 epizodes per hour, a preliminary diagnosis of OSAS of
mild, medium and severe degree, respectively.

The ratio of utility (ID) was calculated as the number
of desaturation over time. Respiratory disorders were also
recorded when a decrease in the saturation of hemoglobin
with oxygen by 3% (desaturation) with a holding of
breathing at least 10 s (apnea) or a reduction in the
amplitude of the respiratory intensity curve (hypopnea) was
coincided. In addition, we recorded the levels of minimal,
medium and maximum saturation.

Cognitive Testing

Montreal Cognitive Assessment is a one-page 30-
point test administered in 10-20 minutes. Details on the
specific MoCA items are as follows. The short-term memory
recall task (5 points) involves two learning trials of five
nouns and delayed recall after approximately 5 minutes.
Visuospatial abilities are assessed using a clock-drawing
task (3 points) and a three-dimensional cube copy (1 point).
Multiple aspects of executive functions are assessed using
an alternation task adapted from the Trail Making B task (1
point), a phonemic fluency task (1 point), and a two-item
verbal abstraction task (2points). Attention, concentration,
and working memory are evaluated using a sustained
attention task (target detection using tapping; 1 point), a
serial subtraction task (3 points), and digits forward and

Baseline characteristics of study participants.

backward (1 point each). Language is assessed using a
three-item confrontation naming task with low-familiarity
animals (lion, camel, rhinoceros; 3 points), repetition of two
syntactically complex sentences (2 points), and the
aforementioned fluency task. Finally, orientation to time and
place is evaluated (6 points). The MoCa test according to
meta-analysis data at <26, the sensitivity for moderate
cognitive impairment is 90%, and the specificity is 87% [12].

All patients underwent following assessments: height,
weight, BMI, neck circumference, waist/hip ratio.
Overweight and obese categories were defined according
to the World Health Organization classification based on the
following BMI cutoffs: BMI (kg\m2) <18,5 - underweight;
18,5-24,9 normal weight; 25-29,9 — overweight; 30-34,9-
obesity | grade; 35-39,9 obesity Il grade; >40 obesity Il
grade[15].

Statistical analysis.

Statistical analysis was performed using SPSS 26 (IBM,
USA) program. To compare the mean value of the main
group (patients with type 2 diabetes with OSA) and the
control group (patients with type 2 diabetes without OSA), a t-
test was performed, as well as the Mann-Whitney test.
Pearson's correlation analysis was used to assess the
relationship between MoCA and clinical and laboratory data
and to assess its strength and statistical significance. In order
to assess the distribution of the number of observed
respondents by groups with low and acceptable MoCA
scores in the context of the two compared groups, Pearson's
chi-square test was used.

Results

Study population

A total of 94 patients (58 women and 36 men, 61.7% vs
38.3%) took part in the study. Comparison of the main and
control groups showed that there was no difference
between groups in age, neck circumference, and Hba1c.
The average age of respondents suffering from OSA was
55 years. Patients with type 2 diabetes with OSA had
significantly higher BMI, larger waist circumference and
lower MoCA results (p<0.05). According to the gender
structure, there were more males the main group (61.5%),
while only 31.6% the control group. The age ranged from 45
to 59 years. Baseline characteristics of study participants
are presented in Table 1.

Table 1.

patients with OSA (n=45) p - value patients without OSA (n=49)
AHI, mean (SD) 12.73(10.44) <0.000 2,30(1.16)
Age, mean (SD) 55.49 (8.63) 0.435 57.13 (9.70)
Sex:
Male 61.50% 0.012* 31.60%
Female 38.50% ’ 68.40%
Body mass index, mean (SD) 31.36 (7.14) 0.050 28.51 (5.16)
Waist circumference, mean (SD) 112.23 (18.62) 0.018* 101 (22.01)
Hip circumference, mean (SD) 109.56 (16.63) 0.692 108.24 (12.37)
Neck circumference, mean (SD) 46.07 (19.26) 0.057 40.64 (4.72)
MoCAscore, mean (SD) 22.07 (3.17) 0.007* 24.21 (3.57)
Hba1c, mean (SD) 11.24 (3.00) 0.924 11.17 (3.13)

Note. Statistical significance: * p < 0.05, ** p < 0.01.

Frequency analysis according to MoCA results.

As part of this analysis, the number of people with
MoCA scores below >26 and over 26 were compared for
each group. In the main group, 66.7% of participants had

MoCA score below 26, in the control group - only 67.3%
(Table 2). The difference in frequency distribution presented
in the table had statistical significance according to
Pearson's chi-square test (p<0.05).
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Table 2.
MoCA results in the main and control group.
MoCA score >26 MoCA score < 26 Result
. Frequency 16 33 49
group 2 without OSA % instatus 32,7% 67,3% 100,0%
, Frequency 15 30 45
group 1 - with OSA % instatus 33,3% 66,7% 100,0%

Note. Suggested statistical significance:** p<0.05
Comparison of MoCA indicators between the two groups.

The MoCA subscales - Visuospatial and executive
functioning Clock and Orientation were significantly lower in

Comparison of MoCA scores among (score).

the main group compared to controls (p<0.05), (Table 3).
For other indicators, there were no significant differences
(p>0.05) between the compared groups.

Tables 3.

. group 1 - patients with type 2 | group 2 —patients with type 2
AT, ITEETD (E10) diabetes with OSA(n=45)  |P value diabetes without OSA (n=49)
MoCA Visuospatial and executive functioning
Create Alternating Path 1 (n-1) 067(048) 0680 071(046)
(I\:I:%A Visuospatial and executive functioning Cube 049 (0.51) 0.109 0.68 (0.53)
(I\:I:%A Visuospatial and executive functioning Clock 197 (0.74) 0.024* 229(0.96)
Animal naming (n-3) 2.97 (0.16) 0.543 2.95(0.23)
Attention (n-6) 4.15(1.41) 0.376 445 (1.41)
Language (n-3) 2.18 (0.94) 0.316 2.42(0.76)
Abstraction (n-2) 1.62 (0.63) 0.380 1.71(0.61)
Delayed recall (short-term memory) (n-5) 2.56 (1.79) 0.120 3.18 (1.66)
Orientation (n-6) 5.46 (0.55) 0.001* 5.82 (0.51)
MoCA score 22.07 (3.17) 0.007* 24.21 (3.57)

Note. Statistical significance: * p < 0.05, ** p < 0.01.

Correlation analysis between the MoCA indicators
and clinical and laboratory data (Table 4).

In the main group there was no correlation between
studied parameters. However, in the control group,

significant correlation between the MoCA indicator and BMI,
waist circumference, neck circumference (positive) and
Hba1c (negative) was found.

Table 4.
Correlation the MoCA indicators and clinical and laboratory data.
MoCA (with OSA) MoCA (without OSA)
Pearson's correlation coefficient: | p-value | Pearson's correlation coefficient: | p-value
Age -0,11 0,493 -0,17 0,311
AHI -0,099** 0,516 -0,23 0,876
Body mass index -0,15 0,351 0,39 0,015*
Sex 0,00 0,988 -0,28 0,087
Neck circumference -0,16 0,329 0,33 0,040*
Waist circumference 0,04 0,826 0,48 0,002*
Hip circumference 0,30 0,063 0,21 0,207
Hbalc 0,19 0,256 -0,39 0,016*

Note. Statistical significance: *p < 0.05, **p < 0.01, *** - Spearman correlation

Discussion

The results of this study showed that: 1) patients with
type 2 diabetes with OSAS have lower MoCA scores,
especially in visual-spatial and executive functions, Clock
and Orientation subscales; 2) In the main group 82.1% of
participants had MoCA score below 25 compared to 47.4%
in controls; 3) in the control group there was a significant
correlation between the MoCA indicator and BMI, waist
circumference, neck circumference (positive) and Hbalc
(negative) was found.

Our results are in line with the results from a meta-
analysis that showed that OSA was associated with an
increased risk of cognitive impairment (relative risk 2.37)

98

[18], [20]. Our study confirmed that patients with OSA have
the worst indicators of cognitive functions: MOCA, executive
functions, orientation. The severity of OSA is associated
with deterioration in cognitive functions: visual constructive
function, executive function, orientation. However, not all
studies have found such associations [4].

Our study had several limitations. Firstly, sample size
was one of the limiting factors of this study. Therefore the
results may not be extrapolated to the larger population.
Secondly, all participants in this study had decompensated
type 2 diabetes. Possibly this was one of the reasons why
all participants had poor sleep. Therefore, the results could
not be readily generalized to all people with type 2 diabetes,
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especially those with good glycemic control. Thirdly, the
results of this cross-sectional study can not confirm the
direction of the association and causality. Further large
prospective studies with people at different levels of
compensations are warranted.

Conclusion

Lower sleep efficiency is associated with lower cognitive
function in patients with abnormal glucose tolerance.
Whether sleep optimization may improve cognitive function
in these patients should be explored.
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