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L&oogdo (NS)
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©M2LGo052 + . 4898 1 66.17+
ordoolith5c005 3 (n=37) 33.50 + (n=19) 2134 p=0.0392
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1 sGol(® +25.98 +26.80
36 560U)
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360l 26.27 29.00
p value p<0.0001 p=0.1422
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3MmOgW309MH0 3530060 39Hx8-0b MbgL s LJo-l ImGOU,
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3bM0Oo 6: 30M9MS30LIMO 3538060 35BZMEHYH goEMmMYEME HHEOL
BB 5 302060349M-¢0sdMMIEHMBOYIE 356539GMIOL Mol

X3NBIO 308 LgHom 303 303
3013300 80®2-mds> 3®2+mds
N 232 N178 N54
R= p value R= | pvalue R= p value
0.1500 0.3685 0.1473
30 0.0948 S) 0.0678 S) 0.1999 S)
0.0743 0.2885
HbAlc 0.1290 | 0.0497 0.1341 NS) 0.1471 NS)
050930l 0.5765
O 0.1619 | 0.0135 0.2738 | 0.0002 0.0777 NS)
©6 Lh30gB0 0.3409 | <0.0001 | 0.3653 | p<0.0001 | 0.3707 | 0.0058
odo bswogdo | 0.4297 | <0.0001 | 0.4567 | p<0.0001 | 0.3548 | 0.0085
0.1159 0.0519 0.1358
31330 0.1035 NS) 0.1459 NS) 0.2056 NS)
™mds-bs
- N/A N/A N/A N/A 0.2745 | 0.0446
536my/303m36m0b | \n | /A NA | NA 02701 | 0.0483
obyduo
75605000l - 0.1906
©ILSGHMMOGOS N/A N/A N/A N/A 0.1819 | (NS)
75605000l - 0.1124
Bs¢)@5305 N/A N/A NA N/A 0.2185 | (NS)
0330OLoL
dogrosbedols NA | NA NA | NA 0.2690 | 0.0492
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Joegdo
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6 ®30L 99909y, M3GH0TWNOHO MYMH3300L (9GO0 Mgsg0d0,
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Mdsl 3mIMOHBIOEMOOLLL, olg ol 5M9dg (gbOoo 7). sbggg 6
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93306LoL doE0sbMmdOL JMwgdo 96 2oblbgszgdms 6 m3z0L

3003 B (3bOHowo 8).
3HO0o 7: 3e0030Mg0veos 399myemdobols Lsdwgsem mby 6 mzol
3003 by

(3390 9032-mds 9®2+mds  p value
HbAlc

n=178) 892:200 (n=54) 899:215 0.8250 (NS
Oome) (n=178) (n=54) (NS)
HbAlc

n=178) 7.41:+107 (n=54) 7.14:+086 0.1446 (NS
6o (n=178) (n=54) (NS)
p value <0.0001 <0.0001
A HbAlc
=HbAlc (0
03))- HbAlc 152+ 1.54 1.85+1.55 0.1599 (NS)
(6 o239)
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3003 by
3mbozonmo

X080 CPAP ogéodos P Ve
2‘)3:;')"7’1’0 © (n=26) 16.85+2.33 (n=28) 13.89:245 < 0.0001
933mMLo
o) (n=26) 5.15+£356 (n=28) 3.70+3.62  0.1442(NS)
p value < 0.0001 < 0.0001
33213212% = 11.69 £3.80 10.19+3.72  0.1489(NS)
039)- 93360
(6 »39)
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Relevance of the problem

Morbidity and mortality due to diabetes microvascular
complications comprise a significant problem all around the world.
Rising evidence suggests that during comorbidity of type 2 diabetes
(DMT2) and obstructive sleep apnea (OSA), prevalence of
microvascular complications is increased and OSA worsens diabetes
microangiopathy. Hypoxia induced vascular endothelial growth
factor (VEGF) expression in capillary endothelial cells of the retina
has an essential role in the pathogenesis of proliferative diabetic
retinopathy. Capillary VEGF is the cause of neovascularization in the
retina. The latest data suggest that VEGF is overexpressed not only
in the capillary endothelial cells, but also its level is elevated to the
systemic level in the bloodstream in patients with DMT2. One of the
approved methods of diabetic retinopathy treatment is local anti-
VEGF intra-ocular injections. The question is following: is it intra-
ocular anti-VEGF treatment enough as VEGF level stays elevated in
bloodstream too. Latest date suggests that VEGF level increases in

the bloodstream of patients with OSA too.

53



It is proved that capillary VEGF is the important mechanism of
diabetic retinopathy and nephropathy. Very little data exist
regarding the relationship between blood VEGF and T2DM
microvascular complications. There are controversies about blood
VEGF levels in T2DM patients with and without retinopathy.
Evidence also suggests that OSA oppresses diabetes microvascular
complications, but mechanism of action is not clear. From this point
of view, it is important to determine the role of VEGF as one of the

candidate participants in this population of patients.

Goals of research
To determine the link between blood VEGF levels and
microvascular complications frequency and severity in T2DM

patients with comorbid OSA

Research tasks
1. To study the prevalence of retinopathy and nephropathy and its

severity linked with OSA comorbidity and its severity
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2. To evaluate and compare the blood VEGF levels in T2DM patients
with comorbid OSA of T2DM patients linked with microvascular
complications severity

3. To study blood VEGF level in T2DM patients with comorbid OSA

at the compensated and decompensated stages of these diseases

Scientific novelty of the work

There has been very little work previously regarding the relationship
between OSA and retinopathy, nephropathy. Previous studies have
found strong links between poor glucose control and high blood
pressure with retinopathy and these have been the main areas upon
which treatment has been targeted in diabetes in order to prevent
retinopathy from developing and to delay its progression. However,
this is mandatory but not enough for diabetic retinopathy
prevention independently with T2DM or with OSA coexistence.
There is the necessity of conducting more studies in order to
determine the mediators, participating in these processes in patients
with compensated diabetes and normalized blood pressure. The
analyze of blood VEGF levels (also other laboratory test results) in

T2DM coexisted with OSA patients and its possible association with
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retinopathy and nephropathy severity, will play the important role
in the complications pathogenesis specification and will be used for

prevention.

Practical value of the research work

The Study will be an important step in the diabetes microvascular
complications risk reduction. Capillary VEGF is the main
mechanism of diabetes microvascular complications (retinopathy
and nephropathy), elevated blood VEGF is also the substantial part
in the development and progression of diabetes microvascular
complications. Reduction of blood VEGF level could be the
important prevention of diabetes microvascular complications,

which is the common reason of disability and mortality.

Approbation of the work
The dissertation thesis was approbated in clinic ,,Diacor” in 27
September 2020. The dissertation data were presented at

conferences:
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e International Diabetes Federation Congress , Abu Dhabi,
United Arab Emirats, 2017
e 15-th International postgraduate medical conference,
Charles University, Chekh republic, 2018
e International Diabetes Federation Congress, Bussan, South
Corea, 2019
The 3 published abstracts and 3 paper works around the dissertation,
totally describes the main results of the research. This is fully
satisfactory for the academic degree concerning to the instructions
of requirements.
We acknowledge The Shota Rustaveli National Science foundation

for granting the project PhD 2016_34.

Dissertation structure and volume

The dissertation consists of 8 parts: Introduction, literature review,
Research materials and methods, research results, discussion,
conclusions, recommendations and references. Research includes
137 pages. It is illustrated with 15 pictures and 22 tables. Also, it is
illustrated with additional extra 7 pictures and 1 table. References

include 179 papers.
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Study design

The research was prospective, cohort. Study duration -24 months.
We included in the study adult patients with type 2 diabetes in the
frame of the national project ,,Diabetes Management”, that was
conducting in clinic ,,Diacor”. For inclusion in the study we
discussed 263 patients. 31 person excluded due to following
exclusion criteria: 4 patients — mainly with central OSA; 1 patient —
on  dialysis; 1 patient -  cancer; 9  patients-
thrombocytopenia/leukopenia; 9 persons — type 1 diabetes; 2
persons-mental dysfunction; 3 persons- refused participation; 2

persons —lost of follow-up.

Ethics statement
The research was stated by the independent ethics committee of the
clinic ,,Diacor”. All the included patients signed informed concept

form.
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Research methods

Laboratory investigations: Serum VEGF; Standard, routine
laboratory tests: complete blood test, biochemistry: serum
creatinine, glycated hemoglobin(HbAlc), lipid profile; immunology
— C peptide; complete urine test with microalbuminuria. Blood and
urine samples were collected in the morning fasting, approximately
at 10 o’clock. VEGF was measured in serum by enzyme-linked
immunosorbent assay technology (Human ELIZA - Kit Catalog No:
MBS355343, sensitivity < 1pg/m). Estimated glomerular filtration
rate (e-GFR) was calculated using a standardized formula, using
serum creatinine, age, race and gender - developed by the
Modification of Diet in Renal Disease (MDRD) study group and the
chronic kidney disease epidemiology collaboration (CKD-EPI).
Chronic Kidney Disease (CKD) was classified by 5 stages according
to the presence level of albumin and eGFR. Microalbuminuria
(230mg/g) and eGFR >90 ml/min/1.73m? referred to the CKD stage
1; Microalbuminuria (=30mg/g) and eGFR 60-89 ml/min/1.73m?
referred to the CKD stage2; eGFR 30-59 ml/min/1.73m? with or
without microalbuminuria referred to the CKD stage 3; eGFR 15-29

ml/min/1.73m? with or without microalbuminuria - CKD stage 4;
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eGFR <15 ml/min/1.73m? with or without microalbuminuria
referred to the CKD stage 5. According to the CKD stages study
population has been divided in two 2 main subgroups: CKD > stage
3 and CKD stages land 2.

Instrumental investigations:

eFundoscopy was performed by ophthalmologists using digital 45
retinal images from both eyes (Canon). Diabetic retinopathy was
scored according to the International Clinical Diabetes Retinopathy
Severity Scale - the stage 1 was defined as no apparent retinopathy,
stage 2- mild non-proliferative diabetic retinopathy, stage 3 —
moderate, non-proliferative diabetic retinopathy, stage 4 - severe
non-proliferative diabetic retinopathy, stage 5-proliferative diabetic
retinopathy. According to Diabetic retinopathy (DR), study
population have been divided into main 2 subgroups:> stage 2 DR
and stage 1 DR. The latest do not include visible retinal changes.
eLaboratory-based polysomnography (PSG)- An apnea-hypopnea
index (AHI) greater than or equal to 5 events per hour was consistent
with an OSA diagnosis. OSA severity was assessed on the basis of the
AHI. OSA was classified as mild, moderate, and severe on the basis
of AHI 5-15 events per hour, 15-30 events per hour, more than 30
events per hour, respectively. It was also evaluated mean nocturnal
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oxygen desaturation and mean nocturnal oxygen saturation (SpO2).
Patients with moderate and severe OSA were prescribed Continuous
positive airway pressure (CPAP) therapy, patients with mild OSA-
positional therapy.
Anti-diabetic treatment was defined tacken in to consideration:
medical anamnesis, antropometric data, laboratory data and
comorbid disease. Patients were prescribed optimal treatment: diet
and physical activity, medication, CPAP or positional terapy.
Data collection: medical history; demographic and anthropometric
data; Epworth sleepiness score data; laboratory and instrumental
measurement data
Sleepiness Questionnaire: For OSA screening, we used ,,Epworth
Sleepiness Scale”. Patients scoring more than 11 points were invited
to do nocturnal, laboratory-based polysomnography for final
diagnoses and treatment approach.

Study visits:

Screening, visit 1

e Instrumental investigation fundoscopy, laboratory

polysomnography
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Laboratory investigation — VEGF; CBC, Serum creatinine,
HbAlc, C peptide, Lipid profile, urine test with albumin
measurement
Epworth Sleepiness Scale
Antropometric data
3 months follow-up, visit 2
Epworth Sleepiness Scale
Antropometric data
Self monitoring of blood glucose dairy (SMBG)
Eating dairy
According to the clinically significant laboratory changes on
visit 1 we repeated that particular tests.

6 months follow-up, visit 3
Epworth Sleepiness Scale
According to the clinically significant laboratory changes on
visit 2 we repeated that particular tests.
Follow-up planed laboratory tests: Serum VEGF, serum
creatinine, urine with albumin measurement, glycated
hemoglobin(HbAlc)
Antropometric data

Self monitoring of blood glucose dairy



e Eating dairy

In order to increase the responsibility of patients, SMBG and eating
dairy were evaluated between main visits too.

Statistical analysis: Data were entered in Epi Info™ 7, Data were
statistically analyzed using Open Source Epidemiologic Statistics for
Public Health version-3.01. We considered meaning of significance
as a two tail mid p extract. VEGF concentration were compered
using ANOVA and we considered meaning of significance as a P
value between groups. Correlations between VEGF and
microangiopathy were calculated using Pearson correlation

coefficient and linear regression.

Research Results

From 232 type 2 diabetes patients 54 (23.27 %) were diagnosed
obstructive sleep apnea. Male patients were more in OSA comorbid
DMT?2 group than in DMT2 group without OSA. The most patients
were in the age range between 40-60 years in OSA comorbide DMT?2
group. The prevalence of both abdominal obesity and genral obesity

were higher in OSA comorbid DMT?2 group compared to the DMT2
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group without OSA comorbidity. Diabetes duration was higher in
DMT?2 group without OSA.

Epworth Sleepiness score correlation with Polysomnographic data:
Epworth Sleepiness points were in direct correlation with OSA
severity: It was established positive correlation between Epworth
Sleepiness score and Apnea/Hypopnea index(AHI) (R=0.5586,
P=0.0001). The correlation was negative between Epworth
Sleepiness points and oxygen desaturation (R=-0.3345, P=0.0170).
Also correlation was negative between Epworth Sleepiness score
and mean oxygen saturation(R=-0.3920, P< 0.0001).
Microangiopathy study results: Incidence of diabetic retinopathy
(DR) and chronic kidney disease (CKD) were nearly similar in DMT?2
patietns with OSA comorbidity (DMT2+OSA) and in DMT?2 patients
without OSA comorbidity (DMT2-OSA). However, cases of DR and
CKD coexistence were significantly higher in DMT2+OSA group
compared to the group of DMT2-OSA. The risk of coexisted

microangiopathy was associated with the presence of OSA.
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Picture 1. Coexistence of Diabetic Retinopathy and Chronic Kidney Disease

in Groups
DR 2 stage 2 + CKD stages 1 23.03%
and 2 38.89%
DR = stage 2 + CKD z stage
3 35.19%
B DMT2-0OSA B DMT2+0SA 0% 10% 20% 30% 40% 50%

Abbreviation explanation: RR=Risk Ratio; RD=Risk Difference

P=0.0259
RR=1.7
RD=15.86

P=0.0368
RR=1.7
RD=14.40

The risk of DR stage 5 was significantly associated with OSA. It was

no association of DR stages 2,3,4 and CKD stages with OSA.

65



Table 1. Microangiopathy stages distribution in groups

Microangiopathy DMT2+ DMT2- RR | RD P value
OSAn=54 | OSA
(%) n=178(%)
DR stage 1 15(27.78) | 62(34.83) | 0.8 | -7.05 | 0.3420(NS)
DR stage 2 15(27.78) | 51(28.65) | 1.0 | -0.87 | 0.9124(NS)
DR stage 3 16(29.63) | 41(23.03) | 1.3 | 6.6 0.3321(NS)
DR stage 4 4(7.41) 22(12.36) | 0.6 | -4.95 | 0.3268(NS)
DR stage 5 4(7.41) 1(1.12) 6.6 | 6.28 | 0.0304
CKD stage 1 12(22.22) | 36(20.22) | 1.1 | 2.00 | 0.7425(NS)
CKD stage 2 9(16.67) | 28(15.73) | 1.1 | 0.94 | 0.8536(NS)
CKD stage 3 9(16.67) | 27(15.16) | 1.1 | 1.51 | 0.7771(NS)
CKD stage 4 7(12.96) | 27(15.16) | 0.9 | -2.2 | 0.7123(NS)
CKD stage 5 3(5.56) 10(5.62) 1.0 | -0.06 | 0.9753(NS)
DR stage >2 and 21(38.89) | 41(23.03) | 1.7 | 15.86 | 0.0259
CKD stages 1 and 2
DR stage >2 and 19(35.19) | 37(20.79) | 1.7 | 14.40 | 0.0368
CKD stage 23

We studied correlations of diabetes duration and OSA duration
between DR and CKD stages. Diabetes duration directly correlated
with DR and CKD stages in patients with DMT2 without OSA
comorbidity. Diabetes duration also was in direct correlation with
DR stages in DMT?2 patients with OSA comorbidity. OSA duration

directly correlated with CKD stages.
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Table 2: Correlations of Diabetes duration and OSA duration between DR

and CKD stages
Diabetes Duration OSA Duration
Microangio | R Pvalue | R Pvalue | R P R P value
pathy Total DMT?2 DMT2 | value | DMT2
populatio -OSA +OSA +OSA
n N 232 N178 N 54 N 54
DR stages | 0.4442 <0.0001 | 0.4813 | <0.0001 | 0.5043 | 0.0010 | 0.1845 | 0.1816
(NS)
CKD stages | 0.3030 <0.0001 | 0.3129 | 0.0002 | 0.2468 | 0.0720 | 0.2973 | 0.0290
(NS)

Abbreviation explanation: R=Pearson correlation coefficient

We studied HbAlc correlation between DR and CKD stages.

Increasing the level of HbAlc directly correlated with CKD stages in

population with DMT2 without OSA and in total population, but it

was no correlation between HbAlc level and DR stage in the same

groups. HbAlc level was not correlated with DR and CKD stages in

OSA comorbid DMT?2 group.
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Table 3: Correlations between HbAlc and microangiopathy stages

HbAlc P HbAlc | P HbAlc P value
R value R value | R
Microangiopathy | N 232 N 178 N 54
Total DMT2- DMT2+
Populati OSA OSA
on
CKD stages 0.1502 0.0229 | 0.2703 | 0.0002 | 0.2391 0.0816
(NS)
DR stages 0.0370 0.5749 | 0.0079 | 0.9261 | 0.1608 0.2454
(NS) (NS) (NS)

We studied the distribution of CKD and DR according to the OSA
severity. Severe OSA was significantly associated with the risk of
DR = stage 2 compared to the moderate OSA (P=0.0017; RR=3.3;
RD=25.93). Also, severe OSA was significantly associated with the
risk of CKDz=stage 3 (P(severe-OSA and moderate OSA)=0.0011;
RR=7.0;RD=22.22; P(severe OSA and mild OSA)=0.0039;
RR=4.6;RD=20.37), risk of DR >stage 2 and CKD=stage3 coexistence
(P(severe OSA and moderate OSA)=0.0011; RR=7.0;RD=22.22;
P(Severe OSA and mild OSA)=0.0039; RR=4.6;RD=20.37),

compared to the moderate and mild OSA.
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Picture 2: Distribution of CKD and DR according to the OSA severity

Severe

0SA 25.93%
CKD = stage 3 E.?O%
® Modrate 5566
0SA

37.04%

u Mild OSA
DR = stage 2 11.11%
25.93%
DR 2 stage 2+ CKD 2 stage 3 3.70%
5.56%

0% 5% 10% 15% 20%  25% 30% 35% 40%

Results of vascular endothelial growth factor study: Level of
serum VEGF in OSA comorbid DMT2 group was significantly
elevated than in DMT2 group without OSA. We also studied VEGF
level in healthy controls, VEGF level was significantly lower in

healthy controls than in DMT2+OSA and DMT2-OSA groups.
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Picture 3. VEGF in DMT2+OSA; DMT2-OSA and healthy control groups
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VEGF level according to the microangiopathy: VEGF level was
significantly elevated in DMT2+OSA group, than in DMT2-OSA
group according to almost all the stages of microangiopathy. An
exception was only > stage 3 CKD. In this subgroup it was no
significant difference of VEGF levels between DMT2+OSA and
DMT2-OSA groups.
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Table 4: VEGF level according to microangiopathy

Microangiopathy VEGF VEGF  pvalue
DMT2- DMT2+
OSA OSA
(n=178) 46.05=+ (n=54) 65.76+ p=0.0008
37.61 36.64
CKD stages 1 and 34.32 + 50.70 +
2 (n=64) 15.95 (n=21) 15.04 P=0.0001
CKDzstage 3 (n=64) 65.41 + (n=19) 75.72+ p=0.3979
46.29 46.94 (NS)
DRoastage 2 (n=116) 5190+ (n=39) 70.05+ p=0.0106
37.43 39.24
Dr=stage 2 +
40.02 = 57.30 =
gKD stage land  (n=41) 11.98 (n=21) 13.12 P<0.0001
DRastage 2 + 66.17 +
= 48.28 + =19 =0.
CKDsstage 3 (n=37) 3350 * @19 5134 P003%2

VEGF level in patients with DR and CKD existence and without them:

VEGF level was significantly higher in patients with DR and CKD,

than without them in both groups (DMT2+OSA and DMT2-OSA).

An exception was only CKD subgroup with OSA comorbidity. In this

case VEGF level was not significantly different in existence of CKD

and without existence of CKD.
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Table 5: VEGF level in patients with DR and CKD and in patients without

DR and CKD
Groups VEGF VEGF p value
DMT2- DMT2+
OSA OSA
DRa=stage 2 (n=116) 51.90+3 (n=39) 70.05+ p=0.0106
exists 7.43 39.24
Dr stage 1 (n=62) 3498 (n=15) 54.62 p=0.0109
exists(Dr do +25.98 +26.80
not exists)
p value p<0.0001 p=0.0023
CKD exists (n=128) 61.20 (n=40) 77.83 + p=0.0111
+34.23 40.25
CKDdonot (n=50) 35.19 (n=14) 60.36 = P=0.0029
exists 26.27 29.00
p value p<0.0001 p=0.1422

(NS)

Correlations between VEGF and clinical - laboratory
measurements: Elevated level of serum VEGF was significantly
connected to the diabetes duration and to the increasing stages of DR
and CKD in DMT2-OSA group. Elevated levels of serum VEGF was
significantly connected to the OSA duration; to the increasing stages
of DR and CKD; to the OSA severity (AHI) and to the increasing
points of Epworth sleepiness score in DMT2+OSA group. It was no

correlation between VEGF level and BMI, VEGF level and HbAlc
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level in both groups (DMT2+OSA and DMT2-OSA). In addition,

serum VEGF level correlated with HbAlc level in total population.

Table 6: Correlations between VEGF and clinical-laboratory measurements

Groups VEGF VEGF VEGF
Total Population DMT2-0OSA DMT2+ OSA
N 232 N178 N54
R= p value R= | pvalue R= p value
0.1500 0.3685 0.1473
MBI 0.0948 (NS) 0.0678 (NS) 0.1999 (NS)
0.0743 0.2885
HbAlc 0.1290 | 0.0497 0.1341 (NS) 0.1471 (NS)

. . 0.5765
Diabetes Duration | 0.1619 | 0.0135 0.2738 | 0.0002 0.0777 (NS)
DR stages 0.3409 | <0.0001 | 0.3653 | p<0.0001 | 0.3707 | 0.0058
CKD stages 0.4297 | <0.0001 | 0.4567 | p<0.0001 | 0.3548 | 0.0085

0.1159 0.0519 0.1358
Age 0.1035 (NS) 0.1459 (NS) 0.2056 (NS)
OSA Duration N/A N/A N/A N/A 0.2745 | 0.0446
AHI N/A N/A N/A N/A 0.2701 | 0.0483
Oxigen - 0.1906
Desaturation N/A N/A N/A N/A 0.1819 | (NS)
Oxigen Saturation | N/A | N/A NA | NA i 0.1124
gen saturatio 0.2185 | (NS)
Epworth NA | NA NA | NA 0.2690 | 0.0492
Sleepiness Scor
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Results of 6-month follow-up

HbAlc level significantly decreased after 6 month optimal treatment

(Diet, Physical activity, Medications) in both groups (MDT2+OSA

and DMT2-OSA). Table 7. Epworth

sleepiness

score also

significantly decreased at 6-month follow-up visit with CPAP and

positional therapy subgroups. It was no difference in Epworth

sleepiness score according to the OSA treatment methods. Table 8.

Table 7: HbAlc at 6-month follow-up visit

Subgroups DMT2- DMT2+ p value
OSA OSA

HbAlc

(0 month) (n=178) 8.92+200 (n=54) 8.99+215 0.8250(NS)

HbAlc

(6 month) (n=178) 7.41+1.07 (n=54) 7.14+0.86 0.1446 (NS)

p value <0.0001 <0.0001

A HbAlc

=HbAlc (0

month)- 1.52 + 1.54 1.85+1.55 0.1599 (NS)

HbAlc (6

month)
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Table 8: Epworth sleepiness score according to CPAP and Positional

therapy at 6 month follow-up visit

Positional
Subgroups CPAP ey p value
Epworth(0 (n=26) 16.85:2.33 (n=28) 13.89+245 < 0.0001
month)
Epworth (6 _ _
month) (n=26) 5.15+356 (n=28) 3.70=x3.62 0.1442(NS)
p value < 0.0001 < 0.0001
A Epworth =
Epworth (0 11.69 +3.80 10.19+£3.72  0.1489(NS)
month)-
Epworth (6
month)

BMI significantly decreased at 6-month follow-up visit in

DMT2+OSA and DMT2-OSA groups. In addition, BMI was

significantly higher in DMT2+OSA group, than in a DMT2-OSA

group.
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Table 9: BMI at visit 1 and at 6-month follow-up visit in DMT2+OSA and
DMT2-OSA groups

Variables EEIZJ’OSA DMT2-OSA n=178 | P VU
BMI (Omonth) | 40.44 £ 9.67 30.99 + 5.65 < 0.0001
BMI (6month) | 35.85 +7.59 29.34 + 4.56 < 0.0001
p value 0.0071 < 0.0001

VEGF level at 6-month follow-up visit

VEGF level significantly decreased after 6 month in both groups
(DMT2+0OSA and DMT2-OSA). VEGF level in DMT2+OSA and DMT2-
OSA was significantly higher than in healthy control group. Also, VEGF
level was significantly higher in OSA comorbid diabetes group, the in the

diabetes group without OSA comorbidity.
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Picture 4. VEGF level in Study population at 6-month follow-up visit
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Table 10: VEGF level differences between visit 1 and 6 month follow-up
visit

Subgroups DMT2-OSA DMT2+OSA  pvalue

VEGF(0 month) (n=178) 46.05:37.61 (n=54) 65.76+36.64 0.0008
VEGF(6 month) (n=178) 38.10+29.83 (n=54) 53.52:26.08 0.0007

p value 0.0278 0.0281

A VEGF =

VEGF (0 0.1408
month)- VEGE 7.98 +19.70 1224: 206 o
(6 month)
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Correlations between VEGF difference and HbAlc difference,
VEGF difference and Epworth sleepiness score difference,
VEGF difference and BMI difference: VEGF level difference
correlated with HbAlc level difference and the difference of
Epworth sleepiness score in OSA comorbid DMT2 patients. The
VEGF level difference did not correlate with HbAlc difference in
DMT?2 group without OSA comorbidity. In addition, VEGF level

difference did not correlate with BMI difference in both groups.

Tablell: A VEGF and A HbAlc, A VEGF and A Epworth sleepiness score, A
VEGF and ABMI - correlations

Variable DMT2- | pvalue | DMT2+ p value
OSA OSA

A VEGF vs. AHbAlc 0.0864
Pearson Cofficient — R 0.1289 (NS) 0.2716 0.0469
A VEGFvs. A Epworth N/A N/A 0.3285 0.0153
Pearson Cofficient - R
A VEGF vs. A 0.0320 | 0.6715 | 0.1858 0.1786
BMIPearson Cofficient - R (NS) (NS)
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Discussion

Our data suggests that OSA prevalence is high in patients with
DMT2. BMI is connected to OSA severity. In patients with OSA
comorbidity coexistence of microangiopathy is significantly higher,
than in the population without OSA. The rick of coexisting
microangiopathy and the risk of stage 5 diabetic retinopathy is
associated with OSA. OSA severity is connected to the severity of
micrioangiopathy. Level of VEGF in diabetes population is
significantly higher than in healthy controls. VEGF level is higher
in OSA comorbid DMT?2 patients, compered to the DMT?2 patients
without OSA comorbidity. VEGF level directly correlates with the
stages of DR and CKD. VEGF level is higher in existence of
microangiopathy than without microangiopathy existence in both
groups (DMT2+OSA and DMT2-OSA). VEGF level is significantly
higher in OSA comorbid patients with microangiopathy, than in
DMT2 patients without OSA  comorbidity and with
microangiopathy.

HbAlc level correlates with VEGF level in total population, but it
does not correlate with VEGF separately in DMT2+OSA and in
DMT2-OSA groups. Data analysis proved that HbAlc level directly
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correlates with the severity of CKD in DMT?2 patients without OSA
comorbidity. CKD and DR severity themselves correlate with the
level of VEGF. The VEGF is connected to the diabetes duration.
Diabetes duration itself correlates with the severity of DR and CKD
in the same population.

HbA1lc level do not correlate with DR and CKD severity in DMT2
patients without OSA comorbidity. Diabetes duration do not
correlate with OSA severity. However, diabetes duration correlates
with DR severity. OSA severity is connected to the OSA duration.
OSA duration itself correlates with DR severity in the same
population.

HbAlc is informative about glycemia during several months.
However, the glycemic status during several years in the study
population is unknown. It is possible to predict the effect of
hyperglycemia on microangiopathy according to the diabetes
duration.

VEGF level significantly decreased in the study population after 6
month intensive, optimal treatment. However, VEGF level was
significantly higher in DMT2+OSA and DMT2-OSA groups
compared to the healthy controls. HbAlc level and BMI also
significantly decreased in DMT2-OSA and DMT2+OSA groups.
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VEGF difference did not correlate with HbAlc difference in DMT2
population without OSA comorbidity. In addition, it was no
correlation between VEGF dfference and BMI difference. Fact is that
it was decreased all - VEGF level, HbAlc level and BMI at 6-month
follow-up visit.

The VEGF level difference directly correlated with HbAlc level
difference and Epworth sleepiness score difference in OSA comorbid
DMT2 patients. VEGF difference did not correlate with BMI
difference in the same population. VEGF and HbAlc levels
decreased in connection after 6 months. The reason of this is the
decreased pathologic influence of OSA itself on the pancreatic beta
cells and on the insulin resistance cells. Decreased BMI itself means
decreased insulin resistance so with OSA comorbidity, as without it.
All of these had an influence on normalization of glycemia. It was
decreased the pathologic influence of hyperglycemia on vascular
endothelial cells, decreased expression of VEGF, that lead to decrease
serum VEGF level.

Despite VEGF level decreased, it stayed elevated in the study
population, compared to the controls at 6-month follow-up visit.

The reason of this is that it is impossible microangiopathy to regress.
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It still existed. The huge influence was also diabetes duration that
did not decreased, it increased and affected metabolic memory.
Results about serum VEGF indicates, that it can be used to determine
the risk of micrioangiopathy and to evaluate intervention effects in
patients with type 2 diabetes. To our knowledge, this is the first
research in the evaluation of serum VEGF in Type 2 diabetes patients
with OSA comorbidity. The research is first in evaluation of
microangiopathy in this particular population too.

Other studies also demonstrated that the blood VEGF level was
elevated in patients with type 2 diabetes. Researches showed that
the blood VEGF level was higher in the presence of microangiopathy
than without them in patients with type 2 diabetes. Serum and
plasma VEGF were elevated also in patients with OSA.

2017 published article studied the influence of OSA on diabetic
retinopathy. Results demonstrated that OSA was the independent
factor of developing proliferative diabetic retinopathy. OSA was
associated with sight threatening form of proliferative diabetic
retinopathy. CPAP therapy was connected to the decreased risk of
retinopathy. Apart from this study, our study lasted 24 months,

which is why we cannot talk about the decreased risk of retinopathy,
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because the progression of microangiopathy can be evaluated after
several years only.

According to the 2018 published study it was studied plasma VEGF
in patients with type 2 diabetes. Study population were divided into
the following groups: patients without diabetes(controls), patients
with diabetes coexisted microangiopathy and patients with diabetes
without microangiopathy. Diabetes duration in the diabetes group
with microangiopathy was higher, than in the diabetes group
without microangiopathy (5.6+4.0 - DMT2 and 10.3+6.8 — DMT2+
microangiopathy. P<0.001). HbAlc level was nearly similar in both
groups (8.49+2.28—- DMT2 and 9.03+2.09 - DM T2+ microangiopathy.
P<.001). VEGF level in controls was 21.70+14.75, DMT2 -
45.38+15.45, DMT2+microangiopathy-55.48+16.13. P<0.001. Linear
regression showed correlation between plasma VEGF and HbAlc
levels. Authors of the study think that it is an association between
hyperglycemia and VEGF level. According to our study HbAlc level
did not correlate with the serum VEGF level (with and without
microangiopathy). However, diabetes duration had the direct
correlation with VEGF. That indicates the long lasting
hyperglycemia pathologic influence on the VEGF level. According

to our data, HbAlc level decreased in parallel with serum VEGF
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level with OSA comorbidity at 6 months follow-up visit, but in
DMT?2 patients HbAlc did not correlate with serum VEGF. That
once again proves the activation of biochemical pathways and
overexpression of biomarkers, when hyperglycemia and nocturnal
hypoxia coexists. Apart from our study it was not evaluated VEGF
level after intervention (diabetes compensation) in this study. In
addition, study included limited population: 78 persons totally
divided in 26 persons in each group. Apart from this study, we
evaluated microangiopathy after we enrolled type 2 diabetes patients
without preliminary selection on microangiopathy existence. We
also categorized microangiopathy according to its severity. That gave
us a chance to evaluate VEGF according to the severity of

microangiopathy.

Our research has limitations too: We were not able to evaluate OSA
using polysomnography at 6 months follow-up visit. Nevertheless,
compensation status of OSA was evaluated using the Epworth
sleepiness score, that showed a high validity based on the results on
our analysis. In addition, we recruited the patients from one
particular clinic and we were not able to generalize the results to all

Georgian population.
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Conclusions

1. Prevalence of obstructive sleep apnea is high in type 2 diabetes,
obese, 40-60 years old male patients

2. Coexistence of microangiopathy (diabetic retinopathy and chronic
kidney disease) is significantly higher in type 2 diabetes patients
with OSA comorbidity and severity of microangiopathy correlates
with the duration of diabetes and OSA

3. Elevation of serum VEGF level is connected to diabetes; Its level
correlates with diabetes duration and is significantly associated with
microangiopathy existence.

4. Serum VEGF can be discussed as a surrogate marker of type 2
diabetes passage. Its level significantly decreases after 6-month
optimal treatment and diabetes compensation.

5. The elevated level of serum VEGF is connected to OSA
comorbidity. Its level significantly decreases after 6 months
intensive treatment of both diseases. (Anti-hyperglycemic therapy,
CPAP therapy, Diet and Physical activity). Serum VEGF level in
OSA comorbidity stays elevated compared to type 2 diabetes group

without OSA and healthy controls.
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6. Our data, similarly as other studies proved the validity of Epworth

sleepiness score: The score correlates with polysomnographic data.

Practical Recommendations

1. It is recommended to screen patients with type 2 diabetes on OSA
using the Epworth sleepiness score. If the questionnaire indicates
OSA it is recommended to do night laboratory polysomnography in
order to differentiate obstructive and central apnea and to choose
treatment method

2. Serum VEGF can be used as a marker of microangiopathy risk
evaluation

3. Decreased level of VEGF after diabetes and OSA compensation
indicates that in clinical practice serum VEGF can be used as a
marker of treatment effectiveness evaluation

4. It is recommended to study the effective and safe methods to
decrease the blood VEGF level. VEGF level significantly decreases
on intensive, optimal treatment, but it still stays elevated compared

to the VEGF level in healthy controls.
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