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The purpose of this study was to investigate the effect of exercise in patient with obstructive sleep 
apnea syndrome (OSAS) and type 2 diabetes mellitus (T2DM) and without continuous positive 
airway pressure therapy (CPAP) treatment, in polysomnography and cardiopulmonary exercise 
testing (CPET) parameters. 41 years old man with T2DM underwent full overnight polysomnog-
raphy (PSG) and 48 hours after PSG performed maximal CPET. Patient re-checked after 24 and 28 
weeks. After the 24 weeks follow-up the patient underwent 4 weeks aerobic exercise. The results 
showed changes between baseline and after 4 week exercise in parameters of polysomnography 
study, blood test and cardiopulmonary exercise testing. The findings of our study suggest that exer-
cise can reduced the apnea-hypopnea index, improve the sleep quality and reduced the hemoglo-
bin A1-c levels in patients with OSAS and without CPAP treatment.
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INTRODUCTION

Patients with obstructive sleep apnea syndrome (OSAS) exhibit lower aerobic and anaero-
bic threshold capacity during cardiopulmonary exercise testing (CPET) due to the patho-
physiology of OSAS patients, including lower sleep quality that causes disturbed exercise re-
sponses [1]. Moreover, OSAS patients experienced increased systolic and diastolic blood 
pressure during exercise due to cardiac dysfunction, decreased muscle metabolism, chronic hy-
per-activation of the sympathetic nervous system, and endothelial dysfunction [2]. According 
to Malik et al. [3], a substantial proportion of patients with type 2 diabetes mellitus (T2DM) 
suffer from unrecognized OSAS and conversely. T2DM is more prevalent among OSAS pa-
tients compared to those without OSAS and the treatment with continuous positive airway 
pressure therapy (CPAP) reduces HbA1c in a significant number of diabetics [3]. In patients 
with established T2DM there is a significant relationship between sleep-disorders breathing 
and fasting insulin, glucose, and HbA1c levels without however being aware of the exact 
pathophysiological mechanism linking OSAS as a causative factor of T2DM [4].

The effect of moderate aerobic exercise is similar whether the physical activity is performed 
in a single session or multiple bouts with the same total duration [5]. During brief, intense 
aerobic exercise, plasma catecholamine levels rise markedly, driving a major increase in glu-
cose production [6]. According to Colberg et al. [5] hyperglycemia can result from such activ-
ity and persist for up to 1–2 h-1, likely because plasma catecholamine levels and glucose pro-
duction do not return to normal immediately with cessation of the activity. The high-intensity 
interval training promotes rapid enhancement of skeletal muscle oxidative capacity, insulin sen-
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sitivity, and glycemic control in adults with type 2 diabetes [7].
The aim of this study was to investigate the effect of exercise 

in patient with OSAS and T2DM and without CPAP treat-
ment, in polysomnography and CPET parameters. 

METHODS

Study Design and Subject 
41 years old man, uninsured due to financial crisis, with type 

2 diabetes mellitus underwent full overnight polysomnography 
(PSG) in the Laboratory of Sleep Disorders (University of 
Thessaly) for suspected OSAS and 48 hours after PSG per-
formed maximal CPET. Patient re-checked after 24 and 28 
weeks (Table 1). After the 24 weeks follow-up the patient un-
derwent 4 weeks exercise (Table 2) in Laboratory of Ergospi-
rometry and Pulmonary Rehabilitation (University of Thessa-
ly). Each training sessions were supervised by a pulmonologist 
and clinical exercise physiologist. The study was approved by 
the Institutional Ethics Committee and informed consent was 
obtained from the participant (No. of Ethical Committee: 21/ 
09-01-2017, University of Thessaly).

Data Collections 
Polysomnographic recording was performed using Alice 6 

(Philips, Netherlands). PSG included electroencephalography, 
electrooculography, submental electromyography, anteriortibi-
alis electromyography, nasal cannula airflow signal using a na-
sal cannula/pressure transducer system, oral thermistor, elec-
trocardiography, and body position. Respiratory efforts were 
monitored with abdominal and thoracic bands. Arterial SaO2 
was measured using SpO2. Sleep was scored manually accord-
ing to the criteria of Kales and Rechtschaffen [8]. Apneas were 
classified as obstructive, central, or mixed according to the pres-
ence or absence of respiratory efforts. A venous blood sample was 
collected from participant under fasting condition. Ηematocrit 
(Htc), hemoglobin A1c (HbA1-c), high-density lipoprotein cho-
lesterol, low-density lipoprotein cholesterol and gamma-glutam-
yltransferase were measured using standard laboratory meth-
ods. The participant 48 hours after to PSG study were subjected 
to ergospirometry (electronic cycle ergometer, Ergoselect 100, 
Ergoline, Germany) [9] until exhausting. Prior to ergospirom-
etry were recorded the anthropometric characteristics, performed 
pulmonary function test [forced expiratory volume in 1st s (FEV1), 
forced vital capacity (FVC) and peak expiratory force (PEF) 
(VIASYS Health Care, Hoechberg, Germany)] [10] and estimated 

Table 2. 12 days exercise program

Days Warm-up Main set Warm-down
1 5 min (12% > ~20 W) 4 × 5 min, 1 min rest (55% > ~90 W) 5 min (12% > ~20 W)
2 5 min (12% > ~20 W) 4 × 5 min, 1 min rest (55% > ~90 W) 5 min (12% > ~20 W)
3 5 min (12% > ~20 W) 4 × 5 min, 1 min rest (55% > ~90 W) 5 min (12% > ~20 W)
4 5 min (20% > ~30 W) 4 × 5 min, 1 min rest (65% > ~100 W) 5 min (12% > ~20 W)
5 10 min (20% > ~30 W) 4 × 5 min, 1 min rest (65% > ~100 W) 5 min (12% > ~20 W)
6 10 min (20% > ~30 W) 5 × 5 min, 1 min rest (65% > ~100 W) 5 min (12% > ~20 W)
7 10 min (20% > ~30 W) 6 × 5 min, 1 min rest (65% > ~100 W) 5 min (12% > ~20 W)
8 10 min (20% > ~30 W) 6 × 5 min, 1 min rest (65% > ~100 W) 5 min (12% > ~20 W)
9 10 min (20% > ~30 W) 40 min (65% > ~100 W) 5 min (12% > ~20 W)

10 10 min (20% > ~30 W) 40 min (65% > ~100 W) 5 min (12% > ~20 W)
11 10 min (20% > ~30 W) 40 min (65% > ~100 W) 5 min (12% > ~20 W)
12 10 min (20% > ~30 W) 40 min (65% > ~100 W) 5 min (12% > ~20 W)

W: watts. 

Table 1. Data collection procedures 

Baseline
re-check  
   24 weeks  
after baseline

4 weeks  
  exercise

28 weeks  
  after baseline

PSG

3 sessions / week

PSG
PFT PFT PFT
RMS RMS RMS
CPET CPET CPET
Blood sample Blood Sample Blood sample
PFT: pulmonary function test, PMS: respiratory muscle strength, PSG: polysomnography study, CPET: cardiopulmonary exercise testing.
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Table 3. Results in polysomnography study, blood test, respiratory and cardiopulmonary exercise testing

Baseline After 24 weeks After 4 weeks exercise
Age (yrs) 41 41 41
BMI (kg/m2) 34.6 32.7 32.7
BSA (m2) 3.0 2.8 2.8
AHI (events/h-1) 83.7 - 72.6
Apnea (events/h-1) 55.9 - 24.9
Hypopnea (events/h-1) 27.7 - 47.7
ESS (score) 4 - 4
Sleep duration (min-1) 131 - 236.5
DI (%) 84 - 47
Average SpO2 (%) 95 - 96
Lowest SpO2 (%) 81 - 81
% of total sleep time at each sleep stage

Stage 1 (%) 8.6 - 7.6
Stage 2 (%) 36.5 - 49.3
Stage 3-4 (%) 3.9 - 5.7
REM (%) - - 6.9

Htc (%) 44.8 45.8 44.3
HbA1-c (%) 8.2 9.4 6.5
HDL-C (mg/dL) 42 43 50
LDL-C (mg/dL) 147 146 64
γ-GT (U/I) 99 69 34
FEV1 (L) 4.41 4.49 4.41
FVC (L) 5.15 5.11 5.12
PEF (L) 7.87 8.92 8.95
PImax (cmH2O) 126 125 130
PEmax (cmH2O) 113 114 124
VO2 peak [mL/min-1/kg-1 (% pred)] 18.0 (68) 20.3 (72) 24.2 (86)
VCO2 peak (mL/min-1) 2386 2500 2804
Anaerobic threshold (mL/min-1/kg-1) 13.9 15.4 18.9
Workpeak [J·s-1 (%pred)] 163 (70) 157 (69) 201 (89)
Time (min-1) 9.03 7.46 11.3
VEpeak (L/min-1) 72 74 88
Tidal Volume peak (L) 2.17 2.17 2.45
fβ max (1/min-1) 33 34 36
PETCO2 peak (mm Hg) 39.01 40.3 37.28
PETO2 peak (mm Hg) 110.5 113.3 113.5
VE/MVV 31.44 30.29 53.98
VE/VCO2 28.8 28.2 30.1
VO2slope (mL/min-1/watt) 11.4 14.4 10.7
HR peak (bpm-1) 161 163 163
O2pulse peak (mL·min-1/bpm-1) 13.7 13.8 16.5
BP peak (mm Hg) 200/100 200/100 190/90
AHI: apnea-hypopnea index, BMI: body mass index, BP: blood pressure (systolic / diastolic), DI: desaturation index during sleep, BSA: body 
surface area, ESS: Epworth sleepiness scale, FEV1: forced expiratory volume in 1sts, FVC: forced vital capacity, fβ: breath frequency, HbA1-c: 
hemoglobinA1c, HDL-C: high-density lipoprotein cholesterol, HR: heart rate, Htc: hematocrit, LDL-C: low-density lipoprotein cholesterol, 
MVV: maximum voluntary volume, O2pulse: ratio between oxygen uptake and heart rate, PEF: peak expiratory force, PEmax: maximum expi-
ratory pressure, PETCO2: end-tidal carbon dioxide pressure, PETO2: end-tidal oxygen pressure, PImax: maximum inspiratory pressure, VCO2: 
carbon dioxide output, VE: minute ventilation, VO2: oxygen uptake, γ-GT: gamma-glutamyl transferase. 
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the strength of inspiratory (PImax) and expiratory muscles (PEmax) 
(MicroRPM, Care Fusion, CA, USA) [11]. The ergospirometry 
trial was terminated when reached symptom limited maxi-
mum exercise (respiratory exchange ratio > 1.10, HR ≥ 80% of 
predicted HRmax, and/or plateau of oxygen consumption with 
increasing work load) according to American Thoracic Society 
(ATS)/American College of Chest Physicians (ACCP) [12]. 
During 4 weeks exercise program (12 sessions) recorded before 
the warm-up, at the end of main set and at the end of warm-
down the heart rate (HR), systolic blood pressure (SBP) and 
diastolic blood pressure (DBP). The exercise was done on elec-
tronic cycle ergometer (E40 Tunturi, Almere, Netherlands). 

RESULTS

The PSG study, blood test, respiratory and cardiopulmonary 
exercise testing results showed in Table 3. 

During the sessions, the mean values of HR were before the 
warm-up 80 ± 7.1 bpm-1 at the end of main set 127 ± 5.6 bpm-

1 and after the warm-down 99 ± 7.2 bpm-1. The mean values of 
SBP were before the warm-up 114 ± 4.5 mm Hg, at the end of 
main set 141 ± 9.4 mm Hg and after the warm-down 113 ± 4.1 
mm Hg and the mean values of DBP, during the sessions, before 
the warm-up was 76 ± 3.8 mm Hg, at the end of mail set was 79 
± 4.5 mm Hg and after the warm-down was 71 ± 6.4 mm Hg. 

DISCUSSION

The findings of our study suggest that exercise can reduced 
the apnea-hyponea index (AHI), improve the sleep quality and 
reduced the HbA1-c levels in patients with OSAS without CPAP 
treatment. CPAP is considered the gold standard for the treat-
ment of sleep disordered breathing which pneumatically stabi-
lizes the upper airways. CPAP improves glucose metabolism in 
patients with OSAS and T2DM and decrease further progres-
sion of the disease [13]. Moreover, the daily physical activity 
may have a protective role in the course of the disease [14] while 
patients undergoing regular exercise as treatment reduce AHI 
and daytime sleepiness by 32% and 28% respectively and in-
crease VO2peak by 17.65% [15]. According to Ackel-D’Elia et al. 
[16], exercise training associated with CPAP treatment for OSAS 
patients has a positive impact on subjective daytime sleepiness, 
quality of life and mood state. On the other hand, many of pa-
tients do not tolerate the device CPAP thereby interrupting 
therapy and other patients are financially weak to buy the 
CPAP. However, just the exercise can not reduce it ΑΗΙ, but 
the exercise in OSAS patients is a low-cost treatment and should 
be integrated as a complementary CPAP treatment. The OSAS 
patients it should be encouraging participating in exercise pro-
grams so that they will decrease the cardiovascular risk, in-

creasing the cardiopulmonary capacity and the quality of life. 
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