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ABSTRACT

INTRODUCTION  Although the coexistence of type 2 diabetes mellitus (T2DM) and obstructive sleep apnea
(OSA) may be attributed to environmental risk factors common for both diseases, a genetic background
should also be considered. Data on the role of genetic factors in the development of T2DM in patients
with OSA are lacking.

0BJECTIVES  The study was aimed to evaluate the prevalence of polymorphisms of selected genes that
are known to be associated with diabetes or obesity in patients with 0SA and concomitant T2DM and
to assess these polymorphisms in the context of OSA severity.

PATIENTS AND METHODS ~ Consecutive patients with newly diagnosed OSA confirmed by polysomnography
underwent genotyping for the following single nucleotide polymorphisms (SNPs): SREBF1 rs11868035,
HIF1A rs11549465, APOA5 rs3135506, TCF7L2 rs7903146, and FTO rs16945088. The frequency of
genotypes was compared between patients with and without concomitant T2DM and was analyzed
with regard to OSA severity.

RESULTS A total of 600 patients with newly diagnosed OSA were enrolled to the study. Of these,
121 patients (20.2%) were diagnosed with T2DM (97 men and 24 women; median age, 58 years; range,
52-64 years). The prevalence of T2DM was significantly lower in APOA5 rs3135506 GG homozygotes
than in CG heterozygotes (18.8% vs 33.3%, P = 0.02). APOA5 rs3135506 CG heterozygotes were at higher
risk for developing T2DM (adjusted odds ratio, 2.64; 95% confidence interval,1.38-5.04; P = 0.003). No
significant differences were found for the genotype distribution of the other investigated SNPs.
concLusions  Our study shows a possible link between the polymorphism of the gene encoding
APOA5 and T2DM in patients with OSA.

INTRODUCTION  Obstructive sleep apnea (OSA)
is the most frequent breathing disorder during
sleep. It is characterized by recurrent nocturnal
airflow limitation in the upper airways, resulting
in blood oxygenation decrease and subsequent
arousals. Since the classic study by Young et al,’
in which the prevalence of OSA had been esti-
mated as 4% in men and 2% in women, many
studies report increasing OSA prevalence rates.?
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A recent systematic analysis showed that the
OSA prevalence ranged from 13% to 33% in men
and from 6% to 17% in women.® This trend may
probably be attributed to the increasing world-
wide prevalence of obesity,*® which has been
identified as one of the most important factors
predisposing to OSA.?

The disease burden of OSA is significantly af-
fected by its increased daytime sleepiness® and



TABLE 1

Gene
acronym

SREBF1

Location

17p11.2

Brief description of the genes selected for evaluation

Full name

Sterol regulatory element-
-binding transcription factor 1

Potential relationship with risk of type 2 diabetes mellitus

Transcription factor involved in the regulation of lipid and cholesterol production.?®
Genetic variants of this gene are associated with type 2 diabetes, insulin

resistance, and blood lipid levels as well as sleep disorders during nonrapid eye

movement sleep.**-*¢

HIF1A

14923.2

Hypoxia-inducible factor 1a

Regulates response to hypoxia, lower expression may be involved in

the development of diabetic microangiopathy.?’ Genetic variants are associated

with type 2 diabetes."’

APOA5

11q23.3

Apolipoprotein A-V

Component of high-density lipoprotein. Plays an important role in regulating plasma

triglyceride levels. Genetic variants are associated with obesity and higher

triglyceride levels.?*%®

TCF7L2

10q25.2-
-q25.3

Transcription factor 7 like 2

Transcription factor that plays an important role in the Wnt signaling pathway.

Genetic variants are associated with impaired insulin secretion and increased risk

of type 2 diabetes.??

FT0

16q12.2

a-ketoglutarate—dependent
dioxygenase

FTO gene codes a-ketoglutarate dependent dioxygenase which physiological
function is unclear. Genetic variants are associated with body mass index, risk of

obesity and type 2 diabetes?"4¢:

comorbidities, mainly cardiovascular diseases
and diabetes.”"? OSA significantly increases car-
diovascular risk (including cardiovascular death),
the risk of stroke, and is one of the most fre-
quent causes of arterial hypertension (particular-
ly treatment resistant).'” Analogically, the prev-
alence of type 2 diabetes mellitus (T2DM) in pa-
tients with OSA is higher than that in the general
population and ranges from 15% to 30%.'""'* Ab-
normal sleep architecture, intermittent noctur-
nal hypoxia, and recurrent arousals along with
increased sympathetic activity are listed among
the predisposing factors for glucose intolerance
and T2DM in these patients.'*'* The likelihood
of T2DM has also been demonstrated to increase
with OSA severity.'®

It is estimated that 40% of the risk of OSA
may be attributed to genetic factors.'® Genetic
associations between metabolic disorders and re-
spiratory disease have already been document-
ed."” Nevertheless, studies on candidate genes
for OSA development, including genes encod-
ing apolipoprotein E4, tumor necrosis factor, and
angiotensin-converting enzyme, have not yield-
ed encouraging results. In contrast, a number
of candidate genes for increased T2DM risk in
the general population have been identified."®
Despite a large body of literature on the mutual
relationships between OSA and T2DM, data on
the role of genetic factors in the development
of T2DM in patients with OSA are lacking. We
therefore undertook a study aimed to evaluate
the prevalence of the polymorphism of selected
genes known to be associated with diabetes or
obesity in patients with OSA and concomitant
T2DM and to assess these polymorphisms in
the context of OSA severity.

PATIENTS AND METHODS Study design This ob-
servational study was performed in 2 reference
pulmonary centers in Warsaw. Participants were
recruited from institutional outpatient clinics
and comprised patients with a new OSA diagnosis
based on the results of polysomnography (PSG).
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Patient evaluation included detailed medical
history, anthropometric measurements (weight,
height, neck, abdominal and hip circumference),
PSG, and blood sampling for routine biochemi-
cal testing (cholesterol, triglycerides, creatinine,
fasting glucose, glycated hemoglobin A, [HbA, ]).

On the basis of literature data,?’-?* 5 genes re-
lated to T2DM and obesity were selected (SREBFI,
HIF1A, APOAS5, TCF7L2, FTO; 1aBLE 1). After geno-
typing, the frequency of genotypes for selected
SNPs were analyzed and compared in OSA patients
with regard to OSA severity, obesity, and age.

The study protocol was approved by the In-
stitutional Review Board (KB/2/2010). All pa-
tients signed an informed consent to partici-
pate in the study.

Study participants ~ Study participants were re-
cruited from the outpatient clinics of the Cen-
tral Teaching Hospital of the Medical Univer-
sity of Warsaw and the Institute for Tubercu-
losis and Lung Diseases in Warsaw between
2010 and 2012. The major inclusion criteria were:
1) age >30 years; 2) newly established diagnosis
of OSA confirmed in PSG; and 3) signed informed
consent to participate in the study (and, in par-
ticular, to undergo genetic testing).

Diagnosis of obstructive sleep apnea In all pa-
tients, the diagnosis of OSA was based on at
least 6-hour PSG (Alice 4 camera, RESPIRON-
ICS, Murrysville, Pennsylvania, United States;
Embla S4000, Reykjavik, Iceland), which includ-
ed an electroencephalogram, electrooculogram,
electromyogram, and electrocardiogram record-
ing. Body position was recorded with a gravity
sensor, and chest and abdominal motion were
monitored by inductive plethysmography. Airflow
was registered with a nasal cannula and therm-
istor. Arterial oxygen saturation was measured
with pulse oximetry at the fingertip. Sleep struc-
ture was assessed according to the guidelines of
Rechtschaffen and Kales and the American Acad-
emy of Sleep Medicine (AASM).?5:26



TABLE 2 Basic characteristics of patients with obstructive sleep apnea with and without type 2 diabetes mellitus

Variable All patients 0SA P value
(n = 600) Without T2DM With T2DM (with vs
(n = 479) (n=121) LT
T2DM)
Age, y 58.0 (52-64) 58.0 (51-64) 59.0 (53-63) 0.18
BMI, kg/m? 31.8 (28-36) 30.7 (27.5-34.9) 36.2 (32.1-41.5) <0.001
Hip circumference, cm 110.0 (102-120) 108.0 (100-117) 119.5 (110-130) <0.001
Waist circumference, cm 108 (98-120) 105.0 (97-115) 120.0 (110-130) <0.001
Neck circumference, cm 43.0 (40-45) 42.0 (40-44) 45.0 (42-47) <0.001
Fasting glucose, mg/dl 96.0 (87.0-108.0) 95 (87-105) 103.0 (90-126) <0.001
HbA, ., % 6.0 (5.7-6.5) 6.0 (5.6-6.3) 6.8 (6.1-8.3) <0.001
Total cholesterol, mg/dl 188.0 (160-215) 191.0 (166-215) 171.0 (146-205) <0.001
Triglycerides, mg/dl 138.0 (92-190) 130.0 (87-181) 154.0 (113-216) <0.001
Creatinine, mg/dl 0.9(0.8-1.0) 0.9(0.8-1.0) 0.9 (0.8-1.1) 0.22

AHI, n/h 38.4 (24-59) 38.0 (23-57) 45.0 (26-66) 0.01

0DI, n/h 31.1 (16-55) 28.0 (15-51) 43.0 (25-68) <0.001
Mean Sp0, during sleep, % 92.0 (89-94) 92.0 (90-94) 90.0 (86-93) <0.001
Minimal Sp0, during sleep, %  77.0 (68-83) 78.0 (71-83) 71.0 (60-78) <0.001

Data are presented as median (first and third quartiles).

Sl conversion factors: to convert triglycerides to mmol/l, multiply by 0.0113; total cholesterol to mmol/l, by 0.02586;

and creatinine to umol/l, by 88.4.

Abbreviations: AHI, apnea—hypopnea index; BMI, body mass index; HbA, , glycated hemoglobin A

0DI, oxygen

1c!

desaturation index; OSA, obstructive sleep apnea; Sp0,, blood oxygen saturation measured by pulse oximetry; T2DM,

type 2 diabetes mellitus

The diagnosis of OSA and OSA severity were
established in accordance with the recommen-
dations of the AASM,?” using the following di-
agnostic criteria: apnea-hypopnea index (AHI)
of 5/h or higher in the presence of typical OSA
symptoms or AHI of 15/h or higher regardless of
the presence of symptoms. Daytime sleepiness
was assessed with the Epworth Sleepiness Scale
(ESS),?® with excessive daytime sleepiness de-
fined as a score of more than 10 points.

Diagnosis of diabetes  Patients with self-reported
T2DM and those with newly diagnosed T2DM di-
agnosis were allocated to the group of patients
with OSA with concomitant T2DM. Newly diag-
nosed diabetes was recognized in any patient in-
cluded to the study with at least one of the fol-
lowing: 1) HbA, 26.5% or 2) fasting plasma glu-
cose 2126 mg/dl or 3) plasma glucose 2200 mg/dl
2 hours after a 75-g oral glucose tolerance test or
4) random plasma glucose 2200 mg/dl in a symp-
tomatic patient.?’

DNA isolation and genotyping Genomic DNA was
isolated from the whole blood using QIAamp
DNA Blood Mini Kit (Qiagen, Hilden, Germany).
Gene polymorphisms were assessed using Tag-
Man® SNP Genotyping Assays (Life Technologies,
Carlsbad, California, United States) and TagMan®
Universal Master Mix II, no UNG (Life Technol-
ogies). Assay IDs with corresponding polymor-
phisms are given in Supplementary material,
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Table S1. Real-time polymerase chain reaction
(PCR) was conducted on the 7500 Real-Time PCR
System (Life Technologies), using 100-ng genom-
ic DNA as a template. The results were analyzed
using SDS 2.4 software (Life Technologies).

Statistical analysis ~ Statistical analysis was per-
formed with Statistica for Windows (STATISTICA
version 9; Statsoft Inc.). Data were presented as
amedian followed by the first and third quartile.
The Shapiro-Wilk test was used to verify the hy-
pothesis of normal distribution of analyzed con-
tinuous data. The Mann-Whitney test was used
for comparisons between 2 groups. Categorical
data were presented as a number with percent-
age and compared with the ¥? test. A logistic re-
gression model was used to assess the impact of
SNP on T2DM development after adjustment
for potential confounding factors. All tests were
2-tailed and statistical significance was set at a
P value of less than 0.05.

RESULTS Patient characteristics Of the 600 pa-
tients with OSA confirmed by PSG, 121 (20.2%)
were diagnosed with T2DM (97 men and 24 wom-
en; median age, 58 years; range, 52-64 years). Of
these, 106 patients (17.7%) had a previous T2DM
diagnosis, whereas 15 (2.5%) were newly diag-
nosed with T2DM.

Patients with OSA and T2DM were character-
ized by a higher degree of obesity and a higher
OSA severity when compared with patients with



TABLE 3 Distribution of frequency of individual genotypes and alleles in patients with
obstructive sleep apnea with and without coexisting type 2 diabetes mellitus

Polymorphism

With T2DM
(n=121)

Without T2DM
(n = 479)

Number Frequency  Number  Frequency
SREBF1 AA 12 0.10 54 0.1
rs11868035  AG 48 0.40 210 0.44
(AG) GG 61 0.50 215 0.45
Minor allele 72 0.30 318 0.33
P = 0.55, x* for HWE = 0.31, P for HWE = 0.58
APOA5 cC 0 0.0 3 0.01
rs3135506 CG 20 0.17 40 0.08
(C/G) GG 101 0.83 436 0.91
Minor allele 20 0.08 46 0.05
P =0.02, x* for HWE = 3.59, P for HWE = 0.06
FT0 AA 114 0.94 423 0.88
rs16945088  AG 7 0.06 53 0.1
(AG) GG 0 0.0 3 0.01
Minor allele 7 0.03 59 0.06
P = 0.15, x* for HWE = 0.11, P for HWE = 0.74
TCF7L2 cC 69 0.57 285 0.59
rs7903146 CT 45 0.37 172 0.36
(C/m T 7 0.06 22 0.05
Minor allele 59 0.24 216 0.23
P = 0.81, x? for HWE = 0.38, P for HWE = 0.54
HIFT1A cC 108 0.89 401 0.84
rs11549465 CT 12 0.1 17 0.16
(/M T 1 0.01 1 0.0
Minor allele 14 0.06 79 0.08

P = 0.14, x* for HWE = 1.86, P for HWE = 0.17

A P value was computed for comparison between groups.

Abbreviations: HWE, Hardy—\Weinberg equilibrium; others, see TABLE 2

OSA without T2DM. The comparison of the 2 sub-
groups is shown in TABLE 2.

Type 2 diabetes mellitus prevalence and gene poly-
morphism Data on the distribution of the gen-
otypes of studied SNPs are shown in TABLE 3. In
the whole group, the least frequent genotypes
were APOAS5 rs3135506 CC, FTO rs16945088 GG,
HIF1A rs11549465 TT, and TCF7L2 rs7903146 TT
homozygotes. None of the patients with OSA
and T2DM were APOA5 rs3135506 CC and FTO
rs16945088 GG homozygotes. The analysis of
T2DM prevalence in the whole group showed
a significant difference only for APOA5 rs3135506.

In the group of people with T2DM, the geno-
type CG APOAS rs3135506 was more frequent
than among nondiabetic patients: 17% vs 8%, re-
spectively, P = 0.02. There were no differences in
the frequency of polymorphisms for the genes:
SREBF1 rs11868035, FTO rs16945088, TC-
F7L2 rs7903146, HIF1A rs11549465 between
these groups. A detailed summary is present-
ed in TABLE 3.
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In the logistic regression model after adjuste-
ment for age, body mass index, sex, and other pa-
rameters, an increased risk of T2DM in patients
with SNP APOAS5 rs3135506 (CG vs GG, adjust-
ed OR, 2.64; 95% (I, 1.38-5.04; P = 0.003) was
demonstrated. The logistic regression model is
presented in TABLE 4.

Gene polymorphisms and selected patient charac-
teristics The comparison of genotype distribu-
tion among the investigated OSA patients strat-
ified according to sex, OSA severity, BMI, and
age is presented in Supplementary material, Ta-
bles S2-S5. With the exception of a lower preva-
lence of APOAS5 rs3135506 GG homozygotes in
patients older than 65 years, no significant dif-
ferences were found.

DISCUSSION  To our knowledge, this is one of
the first studies to present a genetic polymor-
phism associated with the prevalence of T2DM in
patients with OSA. We found that the APOAS5 gene
polymorphism may affect T2DM prevalence and
that APOAS5 rs3135506 GG homozygotes are char-
acterized by a lower prevalence of T2DM, partic-
ularly in patients with mild OSA, overweight (but
not obese) individuals, and in elderly patients.
We also found some sex-dependent differenc-
es in the genotype distribution of the SNPs in
the study groups. Our findings confirm the hy-
pothesis that the genetic polymorphism may con-
tribute to the development of T2DM in patients
with OSA.

The results of our study may be helpful in fur-
ther studies on the molecular mechanisms con-
necting carbohydrate metabolism disorders and
OSA. Identification of patients with the gene poly-
morphisms that increase the risk of T2DM in pa-
tients with OSA may allow an early prevention
and a reduction of risk through intensive educa-
tion about lifestyle changes, discontinuation of
exposure to harmful factors (eg, tobacco smoke,
alcohol), as well as warrant early and more rad-
ical interventions in terms of OSA treatment.

Genome-wide association studies (GWASs)
have identified more than 40 T2DM susceptibil-
ity variants in the general population.'® As pre-
viously mentioned, T2DM is more prevalent in
OSA patients compared with the general pop-
ulation.""""® The prevalence of T2DM in our in-
vestigated cohort was 20.2%. This value is with-
in the range of the reported T2DM prevalence
in OSA™ and approximately 3- to 4.5-fold high-
er than that reported for the general Polish pop-
ulation.!"3%:3! The gap between T2DM prevalence
in the general population and OSA patients in-
dicates that the latter have specific risk factors
for T2DM. Some predisposing factors related
to the consequences of OSA have been identi-
fied®#3%; however, studies on the genetic suscep-
tibility of patients with OSA to T2DM are lack-
ing. Our results indicate a possible association be-
tween T2DM in patients with OSA and the poly-
morphism of the gene encoding apolipoprotein

9
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TABLE 4  Logistic regression model for an increased risk of type 2 diabetes mellitus in subjects with single
nucleotide polymorphism APOA5 rs3135506 after adjustment for age, body mass index, sex, hypertension, and apnea—
hypopnea index

Parameter Crude OR (95% CI) Adjusted OR (95% Cl) P value
(Wald test)

Age, y 1.01 (0.99-1.03) 1.04 (1.02-1.07) 0.001

BMI, kg/m? 1.14 (1.1-1.18) 115 (1.11-1.2) <0.001
Sex 1.46 (0.89-2.38) 1.74 (0.99-3.05) 0.053
Hypertension 4.14 (2.26-7.59) 2.55(1.33-4.89) 0.005

AHI, n/h 1.011 (1.0028-1.0192) 0.9999 (0.9999-1.0097) 0.99
APOA5 rs3135506 (CG vs GG) 2.15(1.21-3.84) 2.64 (1.38-5.04) 0.003

Abbreviations: OR, odds ratio; others, see TABLE 3

A-V (APOAD)), a key protein in the regulation of
triglyceride metabolism,*® particularly in over-
weight subjects. This observation is in line with
the GWAS study showing that CC homozygotes
for APOA5 rs3135506 are predisposed to hyper-
triglyceridemia.’” Variants of the APOA5 gene are
related to the increased risk of cardiovascular dis-
eases and diabetes.*® Although, to our knowledge,
there have been no studies on the APOAS5 gene in
OSA, a negative correlation between the serum
concentration of apolipoprotein A-V and OSA se-
verity has been reported.**

The analysis of the polymorphisms of other in-
vestigated genes showed no evident trend in their
respective frequencies in patients with OSA and
T2DM, with the exception of a significant differ-
ence in the prevalence of HIFIA variants in wom-
en with OSA and T2DM. Hypoxia-inducible factor
la (HIF1A) is involved in the response to hypox-
ic injury. Its polymorphism has been found to be
involved in the development of diabetic microan-
giopathy.?'%? Sex differences in the HIF1A poly-
morphism have also been demonstrated by Gu et
al,"? who studied patients with diabetic nephrop-
athy. These authors showed that a particular ge-
netic variant of HIFIA decreases the risk of dia-
betic nephropathy in men, but not in women. In
our study, sex-dependent differences in the dis-
tribution of genotypes were also demonstrated
for APOAS5, with a significant trend in men and no
difference in women. Although, to our knowledge,
the issue of sex-dependent differences in the gene
polymorphism has not been previously addressed
in patients with OSA or T2DM (or both), results
of studies on the frequency of APOA5 polymor-
phisms in coronary heart disease indicate that
some specific APOA5 polymorphisms associat-
ed with the disease differ in prevalence between
men and women.""+4?

Our study has some limitations. First, a num-
ber of patients in the investigated cohort was rel-
atively small. Nonetheless, the group was well
defined, with the diagnosis of OSA confirmed
with PSG. Furthermore, the male predominance
and the proportion of patients with T2DM in
our group was in line with the epidemiolog-
ic data from other studies in this population.
The use of the American Diabetes Association
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recommendations, and not the Polish national
guidelines, for the diagnosis of diabetes may also
be considered a limitation. This, on one hand, may
decrease the reliability of the comparison of our
results with those of other studies in the Polish
population, but, on the other, it enables a com-
parative analysis with studies in the non-Polish
setting. Furthermore, this was an observational
study and no correction for multiple testing was
performed, because we analyzed the already es-
tablished associations but in a smaller and more
uniform population.*®

To conclude, the prevalence of T2DM in pa-
tients with OSA in the Polish population is simi-
lar to that reported in other epidemiological stud-
ies. The APOAS5 gene polymorphism may be in-
volved in the susceptibility to T2DM in patients
with OSA. Patients with OSA and T2DM show
sex-dependent differences in the distribution of
HIF1A and APOAS genotypes.

SUPPLEMENTARY MATERIAL Supplementary
material is available with the main article at
www.pamw.pl.

CONTRIBUTION STATEMENT RCh, MKr, PS, and
PB conceived the study design. MB, MK, RP, LJ,
and AP recruited patients and collected data. KB,
RP, and PB performed the statistical analysis. KB
and TS conducted the genetic examination. PB
and AP interpreted data and prepared the manu-
script draft. RCh, MKr, and PS critically reviewed
the final version of the manuscript. All authors
approved the final version of the manuscript.

ACKNOWLEDGMENTS  This study received finan-
cial support from the National Science Centre
(No. 710N-COST/2010/0; to RCh). The authors
wish to thank Dr. Piotr Sobieraj for his support
and advice concerning data analysis.

OPEN ACCESS This is an Open Access article dis-
tributed under the terms of the Creative Com-
mons Attribution-NonCommercial-ShareAlike
4.0 International License (CC BY-NC-SA 4.0),
allowing third parties to copy and redistribute
the material in any medium or format and to

remix, transform, and build upon the material,


http://pamw.pl/sites/default/files/PAMW-D-18-00154_orig_supp_0.pdf
http://creativecommons.org/licenses/by-nc-sa/4.0

provided the original work is properly cited, dis-
tributed under the same license, and used for
noncommercial purposes only. For commercial
use, please contact the journal office at pamwe

mp.pl.

REFERENCES

1 Young T, Palta M, Dempsey J, et al. The occurrence of sleep-
-disordered breathing among middle-aged adults. N Engl J Med. 1993;
328: 1230-1235. ('

2 Garvey JF, Pengo MF, Drakatos P, et al. Epidemiological aspects of ob-
structive sleep apnea. J Thorac Dis. 2015; 7: 920-929.

3 Senaratna CV, Perret JL, Lodge CJ, et al. Prevalence of obstructive
sleep apnea in the general population: A systematic review. Sleep Med
Rev. 2017; 34: 70-81. (£

4 Kelly T, Yang W, Chen CS, et al. Global burden of obesity in 2005 and
projections to 2030. Int J Obes. 2008; 32: 1431-1437. Stepaniak U, Micek
A, Waskiewicz A, et al. Prevalence of general and abdominal obesity and
overweight among adults in Poland. Results of the WOBASZ Il study (2013-
2014) and comparison with the WOBASZ study (2003-2005). Pol Arch Med
Wewn. 2016; 126: 662-671.

5 Barna$ M, Maskey-Warzechowska M, Bielicki P, et al. Diurnal and noc-
turnal serum melatonin concentrations after treatment with continuous pos-
itive airway pressure in patients with obstructive sleep apnea. Pol Arch In-
tern Med. 2017; 127: 589-596.

6 Mokhlesi B, Ham SA, Gozal D. The effect of sex and age on the comor-
bidity burden of OSA: an observational analysis from a large nationwide US
health claims database. Eur Respir J. 2016; 47: 1162-1169. ('

7 Kumor M, Bielicki P, Barna$ M, et al. Prevalence of metabolic syndrome
diagnosis in patients with obstructive sleep apnoea syndrome according to
adopted definition. Pneumonol Alergol Pol. 2013; 81: 417-423.

8 Plywaczewski R, Czystowska M, Skoczylas A, et al. Relationship be-
tween age and cardiovascular complications in obstructive sleep apnoea
[in Polish]. Pneumonol Alergol Pol. 2009; 77: 235-241.

9 Sanchez-de-la-Torre M, Campos-Rodriguez F, Barbe F. Obstructive sleep
apnoea and cardiovascular disease. Lancet Respir Med. 2013; 1: 61-72. ('

10  Rutkowski M, Bandosz P, Czupryniak L, et al. Prevalence of diabetes
and impaired fasting glucose in Poland - the NATPOL 2011 Study. Diabet
Med. 2014; 31: 1568-1571. (£

11 Menke A, Casagrande S, Geiss L, et al. Prevalence of and trends in di-
abetes among adults in the United States, 1988-2012. JAMA. 2015; 314:
1021-1029. (7

12 Reutrakul S, Mokhlesi B. Obstructive sleep apnea and diabetes:
a state of the art review. Chest. 2017; 152: 1070-1086. ('

13 Kent BD, McNicholas WT, Ryan S. Insulin resistance, glucose intol-
erance and diabetes mellitus in obstructive sleep apnoea. J Thorac Dis.
2015; 7: 1343-1357.

14 Muraki |, Wada H, Tanigawa T. Sleep apnea and type 2 diabetes. J Di-
abetes Investig. 2018; 9: 991-997. (7

15 Kent BD, Ryan S, McNicholas WT. The genetics of obstructive sleep
apnoea. Curr Opin Pulm Med. 2010; 16: 536-542. (7'

16 Miethe S, Guarino M, Alhamdan F, et al. Effects of obesity on asth-
ma: immunometabolic links. Pol Arch Intern Med. 2018; 128: 469-477. (7

17 Wheeler E, Barroso |. Genome-wide association studies and type 2 di-
abetes. Briefings in functional genomics. 2011; 10: 52-60. (7'

18 Zia A, Kiani KA, Bhatti A, John P. Genetic susceptibility to type 2 di-
abetes and implications for therapy. J Diabetes Metab. 2013; 4: 248. (7'

19 West SD, Nicoll DJ, Wallace TM, et al. Effect of CPAP on insulin resis-
tance and HbA1c in men with obstructive sleep apnoea and type 2 diabe-
tes. Thorax. 2007; 62: 969-974. (£

20 Marfella R, Esposito K, Nappo F, et al. Expression of angiogenic fac-
tors during acute coronary syndromes in human type 2 diabetes. Diabetes.
2004; 53: 2383-2391. (7'

21 Lyssenko V, Lupi R, Marchetti P, et al. Mechanisms by which common
variants in the TCF7L2 gene increase risk of type 2 diabetes. J Clin Invest.
2007; 117: 2155-2163. (£

22 HsuMC, Chang CS, Lee KT, et al. Central obesity in males affected by
a dyslipidemia-associated genetic polymorphism on APOA1/C3/A4/A5 gene
cluster. Nutr Diabetes. 2013; 3: e61.

23 Vasan SK, Karpe F, Gu HF, et al. FTO genetic variants and risk of obe-
sity and type 2 diabetes: a meta-analysis of 28,394 Indians. Obesity (Silver
Spring). 2014; 22: 964-970. (7

24 lber C, Ancoli-Israel S, Chesson AL, et al. The AASM manual for
the scoring of sleep and associated events: rules, terminology and tech-
nical specifications. 1st ed. Westchester, IL: American Academy of Sleep
Medicine; 2007.

25 Rechtschaffen A, Kales A. A manual of standardized terminology,
techniques and scoring system for sleep stages of human subjects. Wash-
ington DC, US Government Printing Office; 1968. NIH Publication No. 20.

ORIGINAL ARTICLE Genetic susceptibility to diabetes in 0SA

26 American Academy of Sleep Medicine Task Force. Sleep-related
breathing disorders in adults: recommendations for syndrome definition
and measurement techniques in clinical research. Sleep. 1999; 22: 667-68.

27 Johns MW. A new method for measuring daytime sleepiness: the Ep-
worth sleepiness scale. Sleep. 1991; 14: 540-545. (7

28  American Diabetes Association. Standards of medical care in diabetes
—2010. Diabetes Care. 2010; 33: 11-61. (%

29  Walicka M, Chlebus M, Brzozowska M, et.al. Prevalence of diabetes in
Poland in the years 2010-2014. Clinical Diabetology. 2015; 4: 232-237. (%

30 Polakowska M, Piotrowski W. Incidence of diabetes in the Polish pop-
ulation: results othe Multicenter Polish Population Health Status Study -
WOBASZ. Pol Arch Med Wewn. 2011; 121: 156-163.

31 Reichmuth KJ, Austin D, Skatrud JB, et al. Association of sleep apnea
and type |l diabetes: a population-based study. Am J Respir Crit Care Med.
2005; 172: 1590-1595. (£

32 West SD, Nicoll DJ, Stradling JR. Prevalence of obstructive sleep ap-
noea in men with type 2 diabetes. Thorax. 2006; 61: 945-950. (7"

33  Meslier N, Gagnadoux F, Giraud P, et al. Impaired glucose-insulin me-
tabolism in males with obstructive sleep apnoea syndrome. Eur Respir J.
2003; 22: 156-160. ('

34 Wang X, Bi Y, Zhang Q, et al. Obstructive sleep apnoea and the risk of
type 2 diabetes: a meta-analysis of prospective cohort studies. Respirolo-
gy. 2013; 18: 140-146. (

35 Guardiola M, Ribalta J. Update on APOA5 genetics: toward a better
understanding of its physiological impact. Curr Atheroscler Rep. 2017; 19:
30.(7

36 Ripatti P, Ramo JT, Soderlund S, et al. The Contribution of GWAS Loci
in Familial Dyslipidemias. PLoS Genet. 2016; 26;12: e1006078.

37 Tang L, Wang L, Liao Q, et al. Genetic associations with diabe-
tes: meta-analyses of 10 candidate polymorphisms. PLoS One. 2013; 8:
€70301.

38 TanS, Liu X, XuY, et al. Serum high-density lipoprotein correlates with
serum apolipoprotein M and A5 in obstructive sleep apnea hypopnea syn-
drome. Sleep Breath. 2017; 21: 37-44. (%'

39 Gu HF, Zheng X, Abu Seman N, et al. Impact of the hypoxia-inducible
factor-1 alpha (HIF1A) Pro582Ser polymorphism on diabetes nephropathy.
Diabetes Care. 2013; 36: 415-421. ('

40 Ye H, Zhou A, Hong Q, et al. Positive association between
APOAS5 rs662799 cpolymorphism and coronary heart disease: a case-
-control study and meta-analysis. PLoS One. 2015; 10: e0135683.

41 Shou W, Wang Y, Xie F, et al. A functional polymorphism affecting
the APOA5 gene expression is causally associated with plasma triglyceride
levels conferring coronary atherosclerosis risk in Han Chinese Population.
Biochim Biophys Acta. 2014; 1842: 2147-2154. (7

42 Potaczek DP, Michel S, Sharma V, et al. Different FCER1A polymor-
phisms influence IgE levels in asthmatics and non-asthmatics. Pediatr Al-
lergy Immunol. 2013; 24: 441-449. ('

43 Liu JX, Liu J, Li PQ, et al. Association of sterol regulatory element-
-binding protein-1c gene polymorphism with type 2 diabetes mellitus, insu-
lin resistance and blood lipid levels in Chinese population. Diabetes Res Clin
Pract. 2008; 82: 42-47. (7'

44 Grarup N, Stender-Petersen KL, Andersson EA, et al. Association
of variants in the sterol regulatory element-binding factor 1 (SREBF1)
gene with type 2 diabetes, glycemia, and insulin resistance: a study of
15,734 Danish subjects. Diabetes. 2008; 57: 1136-1142. (4

45  Chen H, Cade BE, Gleason KJ, et al. Multiethnic meta-analysis identi-
fies RAI1 as a possible obstructive sleep apnea-related quantitative trait lo-
cus in men. Am J Respir Cell Mol Biol. 2018; 58: 391-401. ('

46 Yamada N, Horikawa Y, Oda N, et al. Genetic variation in the hypoxia-
-inducible factor-1alpha gene is associated with type 2 diabetes in Japa-
nese. J Clin Endocrinol Metab. 2005; 90: 5841-5847. (4"

47 Hubacek JA. Apolipoprotein A5 fifteen years anniversary: lessons
from genetic epidemiology. Gene. 2016; 30:193-199. ('

48  Zhang G, Karns R, Narancic NS, et al. Common SNPs in FTO gene are
associated with obesity related anthropometric traits in an island popula-
tion from the eastern Adriatic coast of Croatia. PLoS One. 2010; 5: e10375.

49 Locke AE, Kahali B, Berndt SI, et al. Genetic studies of body mass in-
dex yield new insights for obesity biology. Nature. 2015; 12: 197-206. (£

1


https://doi.org/10.1093/sleep/14.6.540
https://doi.org/10.1093/sleep/14.6.540
https://doi.org/10.2337/dc10-S011
https://doi.org/10.2337/dc10-S011
https://doi.org/10.5603/DK.2015.0031
https://doi.org/10.5603/DK.2015.0031
https://doi.org/10.1164/rccm.200504-637OC
https://doi.org/10.1164/rccm.200504-637OC
https://doi.org/10.1164/rccm.200504-637OC
https://doi.org/10.1136/thx.2005.057745
https://doi.org/10.1136/thx.2005.057745
https://doi.org/10.1183/09031936.03.00089902
https://doi.org/10.1183/09031936.03.00089902
https://doi.org/10.1183/09031936.03.00089902
https://doi.org/10.1111/j.1440-1843.2012.02267.x
https://doi.org/10.1111/j.1440-1843.2012.02267.x
https://doi.org/10.1111/j.1440-1843.2012.02267.x
https://doi.org/10.1007/s11883-017-0665-y
https://doi.org/10.1007/s11883-017-0665-y
https://doi.org/10.1007/s11883-017-0665-y
https://doi.org/10.1007/s11325-016-1357-5
https://doi.org/10.1007/s11325-016-1357-5
https://doi.org/10.1007/s11325-016-1357-5
https://doi.org/10.2337/dc12-1125
https://doi.org/10.2337/dc12-1125
https://doi.org/10.2337/dc12-1125
https://doi.org/10.1016/j.bbadis.2014.08.006
https://doi.org/10.1016/j.bbadis.2014.08.006
https://doi.org/10.1016/j.bbadis.2014.08.006
https://doi.org/10.1016/j.bbadis.2014.08.006
https://doi.org/10.1111/pai.12083
https://doi.org/10.1111/pai.12083
https://doi.org/10.1111/pai.12083
https://doi.org/10.1016/j.diabres.2008.06.017
https://doi.org/10.1016/j.diabres.2008.06.017
https://doi.org/10.1016/j.diabres.2008.06.017
https://doi.org/10.1016/j.diabres.2008.06.017
https://doi.org/10.2337/db07-1534
https://doi.org/10.2337/db07-1534
https://doi.org/10.2337/db07-1534
https://doi.org/10.2337/db07-1534
https://doi.org/10.1165/rcmb.2017-0237OC
https://doi.org/10.1165/rcmb.2017-0237OC
https://doi.org/10.1165/rcmb.2017-0237OC
https://doi.org/10.1210/jc.2005-0991
https://doi.org/10.1210/jc.2005-0991
https://doi.org/10.1210/jc.2005-0991
https://doi.org/10.1016/j.gene.2016.07.070
https://doi.org/10.1016/j.gene.2016.07.070
https://doi.org/10.1038/nature14177
https://doi.org/10.1038/nature14177
https://doi.org/10.1056/NEJM199304293281704
https://doi.org/10.1056/NEJM199304293281704
https://doi.org/10.1056/NEJM199304293281704
https://doi.org/10.1016/j.smrv.2016.07.002
https://doi.org/10.1016/j.smrv.2016.07.002
https://doi.org/10.1016/j.smrv.2016.07.002
https://doi.org/10.1183/13993003.01618-2015
https://doi.org/10.1183/13993003.01618-2015
https://doi.org/10.1183/13993003.01618-2015
https://doi.org/10.1016/S2213-2600(12)70051-6
https://doi.org/10.1016/S2213-2600(12)70051-6
https://doi.org/10.1111/dme.12542
https://doi.org/10.1111/dme.12542
https://doi.org/10.1111/dme.12542
https://doi.org/10.1001/jama.2015.10029
https://doi.org/10.1001/jama.2015.10029
https://doi.org/10.1001/jama.2015.10029
https://doi.org/10.1016/j.chest.2017.05.009
https://doi.org/10.1016/j.chest.2017.05.009
https://doi.org/10.1111/jdi.12823
https://doi.org/10.1111/jdi.12823
https://doi.org/10.1097/MCP.0b013e32833ef7fe
https://doi.org/10.1097/MCP.0b013e32833ef7fe
https://doi.org/10.20452/pamw.4304
https://doi.org/10.20452/pamw.4304
https://doi.org/10.1093/bfgp/elr008
https://doi.org/10.1093/bfgp/elr008
https://doi.org/10.4172/2155-6156.1000248
https://doi.org/10.4172/2155-6156.1000248
https://doi.org/10.1136/thx.2006.074351
https://doi.org/10.1136/thx.2006.074351
https://doi.org/10.1136/thx.2006.074351
https://doi.org/10.2337/diabetes.53.9.2383
https://doi.org/10.2337/diabetes.53.9.2383
https://doi.org/10.2337/diabetes.53.9.2383
https://doi.org/10.1172/JCI30706
https://doi.org/10.1172/JCI30706
https://doi.org/10.1172/JCI30706
https://doi.org/10.1002/oby.20606
https://doi.org/10.1002/oby.20606
https://doi.org/10.1002/oby.20606

