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ABSTRACT

Aim: This study aimed to determine the demographic character-
istics of the patients who applied to the Cardiology Out-patient
Clinic before laboratory-based polysomnography was performed.

Material and Method: 123 adult patients undergoing laboratory-
based polysomnography were included in this retrospective study.
The demographic features of the patients were recorded. Routine
laboratory tests, electrocardiography (ECG), transthoracic echocar-
diography (TTE), 24-hour ambulatory blood pressure monitoring, car-
diovascular stress test, and laboratory-based polysomnography were
performed in the same hospital. The apnea-hypopnea index (AHI)
was used to diagnose obstructive sleep apnea syndrome (OSAS).

Results: In this study, we found the following patient findings. The
mean age of the patients was 49+1.61 years. The majority of the
patients were in the middle age group. Forty-two (34.10%) patients
were female and 81 (65.90%) were male. Normal AHI value was de-
tected in 5 (4.2%) patients. Mild OSAS was detected in 30 (24.2%)
of the patients, moderate OSAS in 24 (18.9%), and severe OSAS in
64 (51.6%). Continuous positive airway pressure (CPAP) device re-
port was given to 67 (54.7%) of the patients. The most accompany-
ing comorbidity of the patients was hypertension (HT). There was a
weak positive correlation between AHI and HT; r=0.280, N=95, and
the relationship was statistically significant (p=0.006). Nine (7.30%)
of the patients were newly diagnosed with hypertension. Invasive
coronary angiography was recommended for two (1.6%) patients
with positive test results, and coronary computed tomographic an-
giography was recommended for four (3.2%) patients. Myocardial
perfusion scintigraphy was recommended to nine (7.3%) patients
who could not perform cardiovascular stress tests.

Conclusion: Cardiac evaluation should be performed before labo-
ratory-based polysomnography is performed. Electrocardiography
and TTE recording should be performed on the patients, and 24-hour
ABPM should be inserted. Additional tests should be performed to
investigate ischemia in patients with myocardial ischemia findings.
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OZET

Amag: Bu calismanin amaci, laboratuvar temelli polisomnografi
yapilmadan 6nce Kardiyoloji Poliklinigine basvuran hastalarin de-
mografik 6zelliklerini belirlemekti.

Materyal ve Metot: Bu retrospektif calismaya laboratuvar temelli
polisomnografi yapilan 123 yetiskin hasta dahil edildi. Hastalarin
demografik O6zellikleri kaydedildi. Rutin laboratuvar testleri,
elektrokardiyografi (EKG), transtorasik ekokardiyografi (TTE),
24 saatlik ambulatuvar kan basinci monitérizasyonu (AKBM),
kardiyovaskdiler stres testi ve laboratuvar bazli polisomnografi ayni
hastanede yapildi. Apne-hipopne endeksi (AHI), obstriiktif uyku
apne sendromunu (OUAS) teshis etmek icin kullanildl.

Bulgular: Bu calismada hastalarda asagidaki bulgulan bulduk.
Hastalarin yas ortalamasi 49+1,61 yil idi. Hastalarin 42’si (%34,1)
kadin, 81°i (%65,9) erkekti. Hastalarin besinde (%4,2) normal AHI
saptandi. Hastalarin 30’unda (%24,2) hafif OUAS, 24’tinde (%18,9)
orta OUAS ve 64’linde (%51,6) agir OUAS saptandi. Hastalarin
67’sine (%54,7) sirekli pozitif hava yolu basinci (CPAP) cihazi ra-
poru verildi. Hastalara en fazla eslik eden komorbidite hipertansi-
yon idi. Apne-hipopne endeksi ile HT arasinda zayif pozitif kore-
lasyon vardi; r=0,280, N=95, bu iliski istatistiksel olarak anlamliydi
(p=0,006). Dokuz (%7,3) hastaya ambulatuvar kan basinci takibi
(AKBM) yapildi ve yeni hipertansiyon tanisi konuldu. Test sonu-
cu pozitif olan iki (%1,6) hastaya invaziv koroner anjiyografi, dért
(%3,2) hastaya koroner bilgisayarli tomografik anjiyografi énerildi.
Kardiyovaskliler stres testi yapamayan dokuz (%7,3) hastaya miyo-
kardiyal perfiizyon sintigrafisi énerildi.

Sonug: Laboratuvar tabanli polisomnografi yapilmadan 6nce kar-
diyak degerlendirme yapilmalidir. Hastalara EKG, TTE ve 24 saatlik
AKBM yapilmalidir. Miyokardiyal iskemi bulgulari olan hastalarda
iskemiyi arastirmak icin ek testler yapiimalidir.

Anahtar kelimeler: obstriiktif uyku apne sendromu; polisomnografi; kardiyoloji
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Introduction

Obstructive sleep apnea syndrome (OSAS) is a com-
mon disorder, and it is a cardiovascular disease risk
factor. Snoring, apnea, frequent awakening at night,
and constant drowsiness during the day occur in pa-
tients with OSAS. Recurrent apneas and hypopneas
during sleep are accompanied by hypoxia, increased
sympathetic activity, and frequent awakenings. Some
studies showed that OSAS is associated with an in-
creased risk of cardiovascular morbidity and mor-
tality. Obstructive sleep apnea syndrome has clearly
been shown to be an independent risk factor for the
development of hypertension and has also been impli-
cated in the pathogenesis of pulmonary hypertension,
congestive heart failure, cardiac arrhythmias, stroke,
and atherosclerosis. Continuous positive airway pres-
sure (CPAP) therapy was effective in treating OSAS'.
Polysomnography is performed to diagnose OSAS.
We have done laboratory-based polysomnography in
our hospital. Before laboratory-based polysomnogra-
phy is performed, patients are evaluated in Neurology,
Otolaryngology, and Cardiology outpatient clinics.
This study aimed to determine the demographic char-
acteristics of patients who applied to the Cardiology
Out-patient Clinic before laboratory-based polysom-
nography was performed.

Materials and Methods

Study design and setting

This study was an observational-retrospective study.
One hundred and twenty-three adult patients under-
going laboratory-based polysomnography and car-
diac evaluation in the Cardiology Out-patient Clinic
before laboratory-based polysomnography were in-
cluded in this study. Patients who applied to our clinic
between October 15, 2021, and October 15, 2022,
were included in the study. Past medical histories, ex-
amination notes, and laboratory results were obtained
from our hospital’s electronic records. Demographic
features of the patient’s age, gender, chronic diseases
[diabetes mellitus (DM), hypertension (HT), hy-
petlipidemia (HL), documented coronary artery dis-
case (CAD), chronic obstructive pulmonary disease
(COPD), stroke history, impaired fasting glucose,
thyroid gland disease, anemia, polycythemia, spleno-
megaly, cancer ratio were recorded. We recorded the
laboratory data from electronic medical records using
a standardized data collection form. The patients ad-
mitted to the sleep unit had the following complaints:
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Snoring (100%), awakening with the feeling of suffoca-
tion (76.4%), witnessed apnea (66.6%), and excessive
daytime sleepiness (66.6%). Laboratory findings, i. e.,
glucose (normal range: 74-106 mg/dL), hemoglobin
(normal range: 12.6-17.4 g/dL), white blood cells
(WBC) (normal range: 4.23-9.07 10°/uL), platelet
(normal range: 150-360 10%/uL), C reactive protein
(CRP) (normal range: 0—5 mg/L), creatinine (normal
range: 0.67-1.17 mg/dL), alanine aminotransferase
(ALT) (normal range: 0-50 U/L), thyroid stimulating
hormone (normal range: 0.35-4.94 mIU/L), thyrox-
ine (normal range: 0.70-1.48 ng/dL), low-density li-
poprotein (normal range: 0~130 mg/dL), triglyceride
(normal range: 0—150 mg/dL were recorded on admis-
sion, and they were evaluated as normal or abnormal
according to the normal range of the laboratory assays.
Anaemia was defined as a hemoglobin (Hb) level of
<12.0 g/dL in women and <13.0 g/dL in men. If the
plasma fasting glucose was 100—126 mg/dL, it was de-
fined as impaired plasma fasting glucose.

After taking the anamnesis of the patients, electrocar-
diography (ECG) was taken, and transthoracic echo-
cardiography (TTE) was performed for all patients.
Cardiology outpatient clinic nurses performed ECG.
Normal sinus rhythm and atrial fibrillation were re-
corded on the ECG of the patients. Transthoracic
echocardiography was conducted by the cardiolo-
gists at the Cardiology Out-patient Clinic. Left
ventricular ejection fraction (LVEF) was measured.
Left ventricular ejection fraction below 50% was de-
fined as systolic heart failure. A 24-hour ambulatory
blood pressure monitoring (ABPM) was inserted in
patients who did not have hypertension before but
whose blood pressure increased occasionally. The car-
diovascular stress test was performed on patients with
chest pain, shortness of breath, and effort dyspnea.
Invasive coronary angiography or coronary computed
tomography angiography was recommended for pa-
tients who were found to have signs of ischemia as a
result of the test. Myocardial perfusion scintigraphy
was recommended for patients who could not per-
form cardiovascular stress testing.

Polysomnography was performed in our hospital’s sleep
laboratory. The apnea-hypopnea index (AHI) was used
to diagnose OSAS. The AHI value is obtained by di-
viding the sum of the apnea and hypopnea numbers
by the individual’s sleep time. Hourly AHI values were
used. Apnea-hypopnea index values were categorized
as Normal: AHI <5, mild sleep apnea: 5 < AHI <15,



moderate sleep apnea: 15 < AHI <30, and severe sleep
apnea: AHI >30.

Inclusion criteria
— Be over 18 years old

— Admission to the hospital with complaints of sno-
ring, awakening with the feeling of suffocation,
witnessed apnea and excessive daytime sleepiness

— Admitted to the Cardiology Out-patient Clinic

for cardiac control

Exclusion criteria
— Be under the age of 18

— Patients whose laboratory results could not be
reached

Data Analysis

IBM Statistical Package for Social Sciences (SPSS)
software for Windows release 25.0.0 (IBM, Chicago,
IL) was used for statistical analysis. The Kolmogorov-
Smirnov test was used to determine the normality of
the variables. Continuous variables were reported as
mean * standard deviation (SD) or median (IQR).
Categorical variables were reported as the number
(percentage) of participants. A p-value of less than
0.05 was considered statistically significant. P val-
ues were two-tailed. Mann-Whitney U test was used
to compare medians of two independent groups. A
Pearson correlation analysis was used to measure
the strength of the linear relationship between two
variables.

Ethical Consideration

The study was ethically conducted by the Declaration
of Helsinki. Approval was obtained from the local
Clinical Research Ethics Committee for the study (ap-
proval number: 2022-51).

Results

One hundred and twenty-three consecutive patients
were included in the study. The patients were over
18, undergoing polysomnography in our hospital
sleep laboratory, and had cardiac evaluations in the
Cardiology Out-patient Clinic before polysomnogra-
phy. The mean age of the patients was 49+1.61 years.
The majority of the patients were in the middle age
group. Forty-two (34.1%) patients were female and
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81 (65.9%) were male. The accompanying comorbidi-
ties of the patients were as follows: HT 45 (36.6%),
impaired fasting plasma glucose 31 (25.2%), DM 27
(22.0), HL 23 (18.7%), CAD 12 (9.8%), COPD 9
(7.3%), smoker 14 (11.4%), stroke history 3 (2.4%),
metallic valve prosthesis 1 (0.8%), hypothyroidism 3
(2.4%), hyperthyroidism 3 (2.4%), anemia 5 (4.1%),
polycythemia 1 (0.8%), splenomegaly 1 (0.8%), pan-
creatic cancer 1 (0.8%), endometrial cancer 1 (0.8%),
breast cancer 1 (0.8%). The basic clinical characteris-
tics of the patients, including age, gender, and comor-
bidities, are listed in Table 1.

Cardiac findings of the patients were as follows: Atrial
fibrillation 1 (0.8 %), right bundle branch block 2
(1.6%), metallic valve prosthesis 1 (0.8 %), patent fo-
ramen ovale (pfo) 1 (0.8%), mild mitral regurgitation
10 (8.1%), mild aortic regurgitation 6 (4.9%), mild
tricuspid regurgitation 5 (4.1%), bicuspid aorta 2 (1.6
%), aortic aneurysm 5 (4.1%), mild left ventricular hy-
pertrophy 10 (8.1%), left ventricular diastolic dysfunc-
tion 10 (8.1%), left ventricular systolic dysfunction 1
(0.8%) and LVEF was median 60% (32-65). Cardiac

findings of patients on admission are shown in Table 2.

Table 1. The basic clinical characteristics of the patients

Total patients number 123
Gender (female/male) (n) (%) 42/81 (34.1/65.9)
Age (years) mean + SD 49+1.61
Hypertension (n) (%) 45 (36.6)
Diabetes mellitus (n) (%) 27 (22.0)
Hyperlipidemia (n) (%) 23 (18.7)
Coronary artery disease (n) (%) 12 (9.8)
Impaired fasting glucose (n) (%) 31(25.2)
Chronic Obstructive Pulmonary Disease (n) (%) 9(7.3)
Metallic valve prosthesis (n) (%) 1(0.8)
Stroke history (n) (%) 3(2.4)
Smoker (n) (%) 14 (11.4)
Hypothyroidism (n) (%) 3(2.4)
Hyperthyroidism (n) (%) 3(2.4)
Anemia (n) (%) 5(4.1)
Polycythemia (n) (%) 1(0.8)
Splenomegaly (n) (%) 1(0.8)
Pancreatic cancer (n) (%) 1(0.8)
Endometrial cancer (n) (%) 1(0.8)
Breast cancer (n) (%) 1(0.8)

n: number; SD: standard deviation
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Table 2. Cardiac findings of the patients

Atrial fibrillation (n) (%) 1(0.8)

Right bundle branch block (n) (%) 2(1.6)

Patent foramen ovale (n) (%) 1(0.8)

Mild mitral regurgitation (n) (%) 10 (8.1)

Mild aortic regurgitation (n) (%) 6 (4.9

Mild tricuspid regurgitation (n) (%) 5(4.1)

Aortic aneurysm (n) (%) 5(4.1)

Mild left ventricular hypertrophy (n) (%) 10 (8.1)

Left ventricular diastolic dysfunction (n) (%) 10 (8.1)

Bicuspid aorta 2(1.6)

Left ventricular systolic dysfunction (n) (%) 1(0.8)

Left atrial dilatation (n) (%) 5(4.1)

LVEF % median (IQR) 60 (32—65)

n: number; IQR: Inter Quantile Range; LVEF: Left ventricular ejection fraction

Table 3. Laboratory findings of patients

Glucose (mg/dl) median (IQR) 104.00 (79.00-301.00) 74-106 mg/di
Creatinine (mg/dl) median 0.79 (0.44-1.70) 0.5-0.9 mg/dL
(IQR)

Glomerular filtration rate (mL/ 102 (42-128)

min/1.73 m2) median (IQR)

Alanine aminotransferase 29.46+12.58 0-33 UL
(U/L) mean = SD

CRP (mg/L) median (IQR) 2.60 (0.14-39.30) 0-5 mg/L
Thyroid stimulating hormone 1.75+1.19 0.35-4.94 mlu/L
(mIU/L) median (IQR)

White blood count (10%/mL) 7.91+2.04 3.98-10.04 103/mL
mean = SD

Hemoglobin (g/dL) mean + SD 14.18+1.58 11.7-16.0 g/ dL
Platelet count (10%/puL) mean 255.46+63.26 150-360 10%/uL
+SD

Low density lipoprotein mg/ 117.60+36.85 0-130 mg/dL
dL mean = SD

Triglyceride mg/dL mean + SD 159.06+69.50 0-150 mg/dL

n: number; IQR: Inter Quantile Range; SD: standard deviation; mg/dI: milligram/deciliter; mmol/L: millimole/
liter; miU/mL: micro international unit/milliliter; mg/mL: microgram/ milliliter; mL: microliter; mg/L: milligram/
liter; pg/mL: picogram/ milliliter; CRP: C reactive protein; ng/L: nanogram/liter; U/L: unit/liter

Median glucose level was 104.00 (79.00-301.00)
mg/dl; median creatinine level was 0.79 (0.44-
1.70) mg/dL, mean alanine aminotransferase level
was 29.46+2.58 U/L, median CRP level was 2.60
(0.14-39.30) mg/L, mean thyroid stimulating hor-
mone level was 1.7541.19 IU/ mL, mean hemoglo-
bin level was 14.18+1.58 g/dL, mean WBC level
was 7.9142.04 10°/mL, mean platelet count was
255.46+63.26, mean low-density lipoprotein level
was 117.60+36.85 mg/dL, mean triglyceride level
was 159.06+69.50 mg/dL. Laboratory findings of

patients are shown in Table 3.

Normal AHI value was detected in 5 (4.2%) patients.
Mild OSAS was detected in 30 (24.2%) of the patients,
moderate OSAS in 24 (18.9%), and severe OSAS in
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64 (51.6%). The median AHI value was 30.98 (10.79—
56.13). When the patients with and without HT were
compared, the AHI values of the HT group were sta-
tistically higher (p=0.001). There was a weak positive
correlation between AHI and HT, r=0.280, N=95; the
relationship was statistically significant (p=0.006). No
statistically significant relationship was found between
the presence of other comorbidities and AHI values
(obesity p=0.735, smoking p=0.979, HL p=0.086,
CAD p=0.503, DM p=0.257, COPD p=0.145, stroke
history p=0.758, impaired fasting plasma glucose
p=0.922 and male gender p=0.904).

Continuous positive airway pressure (CPAP) device
report was given to 67 (54.7%) of the patients.

Discussion

Obstructive sleep apnea syndrome is particularly com-
mon in middle-aged and older adults® Similarly, the pa-
tients in our study were in the middle age group. Recent
studies show that the prevalence of OSAS is 2-4% in
average-aged men and 1-2% in women®. Compared to
the rates in the literature, we found the prevalence of
OSAS in women to be higher in our study. Obstructive
sleep apnea syndrome prevalence was found to be high
in our region, as women’s socioeconomic levels are high-
er, and the rate of admission to our hospital is higher
for women. Obstructive sleep apnea syndrome is also
associated with cardiovascular comorbidities such as ar-
rhythmias, hypertension, stroke, coronary atherosclero-
sis, and overall increased cardiovascular mortality as well
as metabolic dysfunction. Voulgaris et al. conducted a
study to investigate the prevalence of comorbidities in
a patient cohort of OSAS and COPD-OSAS overlap
syndrome patients®. They found the prevalence of HT
58.9%, dyslipidemia 28.2%, DM 17.8%, cardiovascular
disease 13.5%, atrial fibrillation 4.3%. Their findings
were similar to those of this study. When the literature
was searched, studies revealing the relationship between
OSAS and HT were found. Nieto et al. conducted the
Sleep Heart Health Study®. This study is a community-
based study. It includes 6132 subjects from ongoing
population-based studies (age >40 years) and investi-
gates sleep-disordered breathing. They observed that in-
cident HT increased compared to baseline. Bixler et al.
conducted another prospective two-stage study involv-
ing >16000 individuals in the first phase and >1700 in-
dividuals in the second phase; sleep-disordered breath-
ing was independently associated with HT®. Increasing
evidence suggests that OSAS may be cause related to



various metabolic abnormalities, including insulin re-
sistance, glucose intolerance, DM and metabolic syn-
drome regardless of adiposity’ 2. Otake et al found
that in an Asian population, >25% of OSAS patients
were diagnosed with DM™. In Hispanic and African
Americans, the prevalence of DM was 30% in OSAS pa-
tients'®. Meslier et al. reported that the frequency of DM
in OSAS patients was 30%, and Levinson et al. reported
that the frequency of DM in OSAS patients was 11% in
the study of the European population>~'¢. When com-
pared with these studies, it was observed that the rate
of DM was lower in our country. Impaired glucose in-
tolerance in these studies was higher than ours. In the
Sleep Heart Health Study, individuals with severe sleep
apnea were shown to be four times more likely to have
AFY. However, our study found that the prevalence of
AF was similar to the normal population. The prob-
ability of finding Af in the resting ECG is low, and it
would be appropriate to insert a 24-hour rhythm holter
in these patients. Javaheri et al. and Sin et al., found the
prevalence of heart failure 11% and 37%, respectively, in
patients with OSAS™". Compared to these studies, the
heart failure rate was lower in our patients. In our daily
practice, dyspnea is usually associated with heart failure,
and OSAS is ignored. When the demographic charac-
teristics of the patients in our study were compared with
the studies in the literature, it was observed that they
were similar.

Laboratory-based polysomnography or home-based
polysomnography can be used to diagnose OSAS™.
Laboratory-based polysomnography was preferred
in our hospital. Continuous positive airway pressure
(CPAP) device report is given to patients diagnosed
with moderate and severe OSAS. The diagnosis of
OSAS in patients should encourage treatment with
CPAP*. Wuest W etal. evaluate the long-term effect of
CPAP therapy on cardiac functional parameters with
cardiac Magnetic Resonance Imaging”. They found
that left ventricular stroke volume and right ventricu-
lar ejection fraction were significantly improved with
CPAP treatment (p=0.04). They found that all other
cardiac parameters did not change significantly, while
mean systolic and diastolic blood pressure improved
significantly (p<0.01).
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We included the adult patients who undergoing lab-
oratory-based polysomnography in our hospital in
this study. The most common chronic disease is HT
in the patients. There was a weak positive correlation
between AHI and HT, the relationship was statisti-
cally significant. 24-hour ABPM was performed in
nine patients and a new diagnosis of hypertension was
made. Antihypertensive treatment was started in these
patients. Cardiovascular stress test was performed on
22 patients. Invasive coronary angiography was rec-
ommended for two patients and coronary computed
tomographic angiography was recommended for four
patients with positive test results. Myocardial perfu-
sion scintigraphy was recommended to nine patients
who could not perform cardiovascular stress test.

One patient was diagnosed with pfo. Transesophageal
echocardiography was recommended for this patient.
More than half of the patients participating in the
study had a CPAP device report.

This study has several limitations. Firstly, the study was
a single-center and retrospective analysis. Secondly, the
number of patients participating in the study was small.
Third, our hospital has no coronary angiography unit
and nuclear medicine imaging center. For this reason,
patients go to other hospitals to have the tests we rec-
ommend to investigate myocardial ischemia. Patients
have yet to come to show test results. Therefore, the
test results could not be written.

Cardiac evaluation should be performed before labo-
ratory-based polysomnography is performed. Fasting
blood glucose measurement, ECG, and TTE record-
ing should be performed on the patients, and 24-hour
ABPM should be inserted. Additional tests should
be performed to investigate ischemia in patients with
myocardial ischemia findings. It would be appropri-
ate to check the cardiac functions of patients receiving
CPAP treatment at specific intervals.
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