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COPD patients breathe against expiratory obstruction with low tidal volume and have ineffective 
ventilation while asleep. 
is considered a major determinant of disturbed sleep among COPD patients. However, nocturnal 
desaturation in each COPD patients depends upon severity of the disease.
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INTRODUCTION 
 
Chronic Obstructive Pulmonary Disease (COPD) is associated 
with significant morbidity and mortality. It is currently the 
fourth leading cause of death in the United States and is 
expected to increase to the third leading cause by the year 2020
(Barnes, 2000; Hurd, 2000). Unrecognised Nocturnal 
desaturation with and/or without daytime desaturation is a 
major cause of concern for clinicians. COPD patients are at risk 
for hypoventilation during sleep due to the underlying 
respiratory dysfunction. The worsening of hypo
sleep in patients with chronic obstructive pulmonary disease 
(COPD) has been documented since the early 1960s 
and Cree, 1962), and has since been confirmed by 
polysomnograhy studies  (Koo et al.,  1975
1976), which have included continuous monitoring of oxygen 
saturation from the late 1970s  (Flick and Block
et al., 1979; Douglas et al., 1979; Littner et al
et al., 1982; Calverley et al., 1982; Catterall et al
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ABSTRACT 

COPD patients breathe against expiratory obstruction with low tidal volume and have ineffective 
ventilation while asleep. Such patients are at higher risk of developing nocturnal desaturation, which 
is considered a major determinant of disturbed sleep among COPD patients. However, nocturnal 
desaturation in each COPD patients depends upon severity of the disease.
Early detection of night time desaturation in COPD patients can prevent further complications 
associated with hypoxemia like cor Pulmonale, pulmonary hypertension etc., by initiation of low flow 
nocturnal oxygenation. We conducted a pilot project in which 30 stable COPD patients fulfilling 
inclusion criteria were enrolled after obtaining an informed written consent. Out of 30 COPD patients, 
6 had mild obstruction, 19 had moderate obstruction and 5 had severe obstruction with poor 
reversibility on PFT. Our results showed that Patients who had nocturnal spo2 below 85%:1 of 30 
patients (3.33%) mild, 14 of 30(46.67%) moderate, 6 of 30 (20%) had severe COPD, 

90% :2 of 30 patients (6.67%) moderate, spo2 between90-95%  : 4 of 30 patients
of 30 (3.33%) moderate, spo2 between 95-100% : 1 of 30(3.33%) each had mild and moderate COPD. 
Out of 30 COPD patients 23 had OSA, of which 4 patients (17.33%) had normal BMI and 19 patients 
(82.6%) were overweight. 
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The worsening of hypoxemia during 
sleep in patients with chronic obstructive pulmonary disease 
(COPD) has been documented since the early 1960s  (Trask 
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1975; Leitch et al., 

included continuous monitoring of oxygen 
Block, 1977;  Wynne 
et al., 1980; Fleetham 
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It must be emphasized that most of these studies have included 
patients with severe COPD exhibiting marked daytime 
hypoxemia. Several studies of the literature have shown that a 
relatively high percentage of these COPD patients exhibit 
significant nocturnal hypoxemia
to start low flow nocturnal oxygenation in such candidates
(Fletcher et al., 1987; Levi-Valensi 
McNicholas, 1996). COPD patients frequently complain of 
poor sleep quality and inadequate 
Cormick 1986). Some of the factors leading to sleep disruption 
in COPD patients may also be related to the worsening of 
respiratory function during sleep, which may result from 
nocturnal hypoventilation, ventilation
decreased functional residual capacity. Though decreases in 
nocturnal oxyhemoglobin saturation (SaO2) may occur during 
sleep in COPD patients, the episodes tend to be more 
pronounced during rapid eye movement (REM) stages of sleep 
due to loss of peripheral muscle tone and a functional 
dependence on an impaired flattened diaphragm (Douglas 
1979; Stradling 1983; George 1987). 
2007) 
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emphasized that most of these studies have included 
patients with severe COPD exhibiting marked daytime 

Several studies of the literature have shown that a 
relatively high percentage of these COPD patients exhibit 
significant nocturnal hypoxemia, which raises query, whether 
to start low flow nocturnal oxygenation in such candidates             
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COPD patients frequently complain of 

poor sleep quality and inadequate sleep (Calverley 1982; 
Cormick 1986). Some of the factors leading to sleep disruption 
in COPD patients may also be related to the worsening of 
respiratory function during sleep, which may result from 
nocturnal hypoventilation, ventilation-perfusion mismatch, and 
decreased functional residual capacity. Though decreases in 
nocturnal oxyhemoglobin saturation (SaO2) may occur during 
sleep in COPD patients, the episodes tend to be more 
pronounced during rapid eye movement (REM) stages of sleep 
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Four studies have examined the effects of nocturnal 
desaturation and its correction with oxygen therapy on sleep 
architecture and quality in OSA patients without COPD.                 
(Calverley et al., 1982; Fleetham et al., 1982; Goldstein et al., 
1984; McKeon et al., 1989) These studies were small, short 
term and sleep laboratory based, employed variable 
methodology and produced differing results. Only one study 
attempted to evaluate longer term sleep quality via 
questionnaires, but aside from this the effects of nocturnal 
desaturation in COPD, sleep quality and daytime function have 
not been studied. Indian literature does not reveal any studies 
correlating AHI, Nocturnal desaturation in stable COPD 
patients, however one study show The severity of exacerbation 
in COPD due to the overlap of obstructive sleep apnoea 
syndrome (OSAS). (Acute exacerbation of COPD in relation to 
overlap syndrome, 2015) The paucity of data on the prevalence 
and clinical impact of isolated nocturnal desaturation is 
reflected in the recent NHLBI research work shop report on 
supplementary oxygen therapy in COPD, which identified the 
clinical implications of nocturnaldesaturation as one of four 
areas of oxygen research requiring urgent further study.(19,20) 

The aims of this study were, firstly whether COPD patients 
show nocturnal desaturation which is associated with or 
without day time hypoxemia, secondly to determine, if there is 
correlation between the degree of desaturation and the severity 
of COPD and contribution of COPD –OSA syndrome in 
nocturnal desaturation. In this study, we used the nasal 
cannula/pressure transducer system to evaluate respiratory 
events and oxyhemoglobin desaturation in COPD patients 
referred for evaluation of sleep-disordered breathing. Our study 
included a group of COPD patients with and without daytime 
hypoxemia. 
 

MATERIALS AND METHODS 
 
Our study included 30 stable and previously diagnosed COPD 
patients attending OPD and INPATIENTS at D.Y. Patil 
University School of Medicine, Hospital and Research Centre, 
fulfilling inclusion criteria and enrolled after obtaining an 
informed written consent. Complete history, detailed physical 
examination detailed evaluation of sleep was followed by 
investigations like chest x-ray, PFT, 2D ECHO, 
polysomnography. Inclusion criteria included only those 
patients of COPD whose daytime oxygen saturation was more 
than 95% at rest. 
 
Exclusion criteria were:  
 
(1) All patients whose daytime oxygen saturation at rest less 

than 95% 
(2) Current or past use of continuous positive airway pressure, 

bi-level or supplemental oxygen;  
(3)  Respiratory failure requiring hospitalization within the 

previous 8-weeks; and  
(4)  Diagnosis of anemia. 
(5) Patients were excluded from the study if they had left heart 

or congenital heart diseases, associated lung diseases (ILD, 
Bronchiectasis, lung carcinoma) or other severe diseases 
that could influence survival (hepatic cirrhosis, chronic 
renal failure) 

 

The room air oxyhemoglobin saturation (RA) SaO2, FEV1 and 
FEV1/FVC were recorded during spirometry. Subsequently, all 
patients were administered the Epworth Sleepiness Scale 
(ESS) in order to assess daytime sleepiness (Johns 1991). An 
attended nocturnal polysomnography was performed in all 
patients at their approximate routine sleeping hours. Recorded 
channels included electroencephalogram, bilateral 
electrooculogram (EOG), submental and anterior tibialis 
electromyogram (EMG), ECG, rib cage and abdominalmotion 
by inductive plethysmography, body position, nasal 
cannula/pressure transducer system for respiratory monitoring 
and oximetry with digital signal extraction. This oximetry 
technology was chosen because it is based on real time 
acquisition and processing of SaO2 data and because it has 
improved detection in states of low perfusion, motion, and 
weak signal. PSG machine used, Alice 6 LDxN, Sleep ware 
G3 Philips Respironics. 
 
Ethics 
 
The procedures followed were in accordance with the ethical 
standards of the responsible committee on human 
experimentation. 
 
Statistics 
 
All respiratory events were tabulated (apnoea, hypopnea, and 
RERA) and calculated to a final hourly index of events. 
Decreases in oxyhemoglobin saturation were recorded. Data 
from the study was tabulated, and analysed by plotting it on x- 
axis and y with respective parameters. / Data has been 
tabulated and values put against x and Y axis to obtain results 
 

RESULTS 
 
Out of 30 COPD patients, 6 had mild obstruction, 19 had 
moderate obstruction and 5 had severe obstruction with poor 
reversibility on PFT. 
 

 
 
(Graph 1) 
 
1.Nocturnal desaturation: out of 30, 2(6%) desaturated 
between 95-100 %, 5(17%) between 90-95%, 2(7%) between 
85-90%, 21(70%) pts desaturated < 85% (graph 1) 
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(Graph 2) X axis- patients nocturnal SpO2, Y axis – total 
number of patients 
 
 Patient desaturated below 85% - 1 of 30 patients 

(3.33%)mild COPD,14 of 30 (46.67%) moderate COPD, 6 
of 30 (20%) were severe COPD 

 Patient desaturated between 85-90% - 2 of 30 patients 
(6.67%) moderate COPD 

 Patient desaturated between 90-95%   - 4 of 30 patients 
(13.33%) mild, 1 of 30 (3.33%) moderate COPD 

 Patient desaturated between 95-100% - 1 of 30 patients 
(3.33%) each were mild and moderate COPDs 

 

 
 
(Graph 3) X axis- COPD patients with OSA, Y axis – total 
number of patients 
 
 AHI/ OSA in COPD (severity): 2/6 (33%) mild COPD had 

mild OSA (overlap syndrome). 
 5/19 (26.32%) moderate COPD showed mild OSA, 2/19 

(10.5%) moderate COPD showed moderate OSA, 
8/19(42.1%) moderate COPD showed severe OSA, 6/11 
(54.5%) of moderate COPD showed severe OSA.  

 3/5 (60%) severe COPD showed moderate OSA and 2/5 
(40%) severe COPD showed severe OSA. (Graph 3) 

 
(Graph 4) BMI in COPD patients with OSA 
 
BMI and COPD SEVERITY 
 
Out of 30 COPD patients 23 had OSA, of which 4 patients 
(17.33%) had normal BMI and 19 patients (82.6%) were 
overweight. (Graph 4) 

 
 

(Graph 4) BMI in COPD patients with OSA 
 

DISCUSSION 
 

Many patients with COPD have poor sleep quality, especially 
those who have high anxiety and depression, the anxiety 
experienced due to dyspnoea affects the sleep quality of 
patients with COPD and the sleep quality has effects on 
physical and emotional functions. COPD-related sleep 
disturbances play a role in its morbidity and adversely affect 
quality of life. Poor sleep quality could contribute to poor 
COPD-related outcomes such as exacerbations or even 
mortality risk. (Flenly, 1978; Fletcher, 1986) Sleep-disordered 
breathing (mainly obstructive sleep apnea (OSA)) and COPD 
are among the most common pulmonary diseases. Although 
they may have common pathophysiological mechanisms, even 
by chance alone, asubstantial number of patients will have both 
OSA and COPD—what Flenley termed “the overlap 
syndrome.” A study regarding COPD and nocturnal 
desaturation showed 33 of the 42 patients had one or more 
nocturnal desaturations, and in 10 patients, mean nocturnal 
oxygen saturation was below 90% (VOS 1995) In another 
study, out of 94 COPD patients 66 were desaturators (Chaouat,  
1997). In our study, out of 30 patients 21 desaturated below 
85%, of which 1 mild, 14 moderate and 6 had severe COPD. 2 
Patients showed nocturnal SpO2 between 85-90%, and had 
moderate COPD. Out of 30 patients 23 showed desaturation 
below 90% of which 1 had mild, 16 had moderate and 6 had 
severe COPD. 
 

Mechanism of oxygen Desaturation during sleep in COPD 
patients 
 

Sleep is a physiological situation that occurs depending on the 
special functional organization of the central nervous system. 
Normal sleeping is divided into non-rapid eye movement 
(NREM) and rapid eye movement (REM). NREM consists of 
three stages: N1, N2 and N3 (quiet sleep or delta sleep).During 
NREM sleep, the metabolic demand of the brain decreases and 
the blood flow throughout the entire brain progressively 
decreases. While metabolic rate decreases during sleep, 
responses to various chemical, mechanical, and cortical stimuli 
also decrease. The respiratory response to the changes observed 
in the partial oxygen and partial carbon dioxide pressures in the 
arterial blood differs significantly in comparison to the 
wakefulness period. Especially during REM sleep, such 
physiological changes may affect gas exchange, hypoxemia can 
reach critically low levels, especially in patients with already 
borderline waking oxygenation, and lead to hypoventilation 
resulting in clinically significant hypoxemia and hypercapnia in 
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patients with COPD and leads to clinical consequences such as 
cardiac dysrhythmias, pulmonary hypertension, and 
polycythaemia. (Fletcher et al., 1983) In COPD, breathing 
against expiratory airflow obstruction becomes more difficult 
during sleep when there is reduced tidal volume, ineffective 
ventilation, and hypoxemia. The oxygen desaturation which 
occurs during sleep in COPD may be greater than that which 
occurs during maximal exercise (Fletcher et al., 1983). 
Reduction in ventilation is accompanied by deranged 
ventilation/perfusion (V/Q mismatch) and adequate gas 
exchange does not occur. As a result, arterial oxygen decreases 
and carbon dioxide increases. (Fletcher et al., 1983)  In COPD 
patients, this hypoxemia is associated with rise in pulmonary 
arterial pressures and premature ventricular contractions 
(Fletcher et al., 1983) which tend to increase during sleep, and 
is reversed with oxygen treatment. (Fletcher et al., 1987; Block 
et al., 1979; Nattie et al., 1978) However, in patients who 
suffer from both COPD and sleep apnoea, apnoea associated 
oxygen desaturation is more profound and longer because these 
patients are already hypoxic when the apnoea begins. In our 
study Out of 30 patients 23 showed nocturnal desaturation 
below 90%, who do not fit into conventional LTOT criteria are 
eligible for oxygen therapy. Long term oxygen therapy (LTOT) 
refers to the provision of oxygen therapy for continuous use at 
home for patients with chronic hypoxaemia (PaO2 at or below 
7.3 kPa, (55mHg). The oxygen flow rate must be sufficient to 
raise the waking oxygen tension above 8 kPa, (60 mmHg). 
Once started, this therapy is likely to be lifelong. LTOT is 
usually given for at least 15 hours daily, to include night time, 
in view of the presence of worsening arterial hypoxaemia 
during sleep. (Clinical component for the home oxygen service 
in England and Wales, BTS, 2006) 

 
Indications  
 
At least two arterial blood gas determinations while breathing 
room air for at least 20 minutes showing  PaO2< or equal to  55 
%  
1.  At rest in non-recumbent position, the PaO2 of 55mmHg or 

less, SpO2 < 88% on RA (GOLD, The Global Strategy for 
Diagnosis, Management and Prevention of COPD, 2016) 

2.  Patients with PaO2 > 55 mmHg & / Spo2 > 88-89% are 
considered in the following conditions: 

(a)  Patient on optimal medical treatment with demonstrable 
hypoxic organ dysfunction, such as secondary pulmonary 
hypertension (GOLD, The Global Strategy for Diagnosis, 
Management and Prevention of COPD, 2016), cor 
Pulmonale (GOLD, The Global Strategy for Diagnosis, 
Management and Prevention of COPD, 2016), 
polycythaemia or CNS dysfunction; 

(b) When there is a demonstrable fall in PaO2 below 55 mmHg 
during sleep, associated with disturbed sleep pattern, 
cardiac arrhythmias or pulmonary hypertension. These 
patients may be benefited by nocturnal oxygen therapy. 

 
Out of 30 COPD patients 23 had OSA, of which 4 patients 
(17.33%) had normal BMI and 19 patients (82.6%) were 
overweight. CPAP remains the accepted standard treatment for 
OSA, and currently is the accepted standard for overlap 
syndrome. But CPAP alone may not fully correct hypoxemia, 
so supplemental oxygen may be required (GOLD, The Global 

Strategy for Diagnosis, Management and Prevention of COPD, 
2016). Controversyexists as to whether CPAP therapy 
improves daytime lungfunction in those with stable COPD. 
According to a study in the Journal of Clinical Sleep Medicine, 
another benefit of CPAP therapy is a lower risk of mortality in 
patients who have COPD and sleep apnea. Researchers found 
that people with both conditions who used CPAP more than 
two hours a night tended to live longer than those who used the 
therapy less than two hours a night. Studies also noted that 
CPAP was especially beneficial to COPD patients already on 
long-term oxygen therapy. Machado and colleagues added the 
use of CPAP to long-term oxygen therapy and observed 
differences in long term survival of 71% versus 26%. (Sampol 
et al., 1996) As per Marine et al., CPAP reduces exacerbation 
rates for concurrent COPD. (Machado et al., 2010) However, 
the optimal prescription for CPAP was unclear. Their patients 
were included in the group if they used CPAP ≥ 4 h/night and, 
if not, the device was withdrawn. Similar to the Spanish study, 
their analysis shows an association with high mortality when 
CPAP use is < 4 h/night. (Marin et al., 2010) 
 
Conclusion 
 
1. Nocturnal desaturation is significantly high in moderate 

and severe COPD, however 3.3% mild COPD patients also 
had nocturnal desaturation most probably due to OSA 

2. OSA incidence in patients with COPD is significant 
3. 82.6% of COPD patients with OSA had high BMI and 

17.3% had normal BMI 
4. OSA is a major contributing factor in nocturnal hypoxemia 

in COPD patients. 
 
Limitations of our study 
 
Given the small number of sample size it is difficult to 
conclude regarding nocturnal desaturation in mild COPD. 
Association of OSA in many patients in our study contributes 
to nocturnal desaturation. Another study with a larger cohort of 
patients may help in identify nocturnal desaturation in COPD 
patients without OSA. 
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