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Sleep quality and architecture in COPD:
the relationship with lung function
abnormalities
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ABSTRACT

Objective: Impaired respiratory mechanics and gas exchange may contribute to sleep
disturbance in patients with COPD. \We aimed to assess putative associations of different
domains of lung function (airflow limitation, lung volumes, and gas exchange efficiency)
with polysomnography (PSG)-derived parameters of sleep quality and architecture in
COPD. Methods: We retrospectively assessed data from COPD 181 patients > 40 years
of age who underwent spirometry, plethysmography, and overnight PSG. Univariate and
multivariate linear regression models predicted sleep efficiency (total sleep time/total
recording time) and other PSG-derived parameters that reflect sleep quality. Results:
The severity of COPD was widely distributed in the sample (post-bronchodilator FEV,
ranging from 25% to 128% of predicted): mild COPD (40.3%), moderate COPD (43.1%),
and severe-very severe COPD (16.6%). PSG unveiled a high proportion of obstructive
sleep apnea (64.1%) and significant nocturnal desaturation (mean pulse oximetry nadir
=82.2% + 6.9%). After controlling for age, sex, BMI, apnea-hypopnea index, nocturnal
desaturation, comorbidities, and psychotropic drug prescription, FEV./FVC was associated
with sleep efficiency (B = 25.366; R?= 14%; p < 0.001), whereas DL, predicted sleep
onset latency (B = —0.314; R?2= 13%; p < 0.001) and rapid eye movement sleep time/
total sleep time in % (B = 0.085; R2= 15%; p = 0.001). Conclusions: Pulmonary function
variables reflecting severity of airflow and gas exchange impairment, adjusted for some
potential confounders, were weakly related to PSG outcomes in COPD patients. The
direct contribution of the pathophysiological hallmarks of COPD to objectively measured
parameters of sleep quality seems to be less important than it was previously assumed.

Keywords: Pulmonary disease, chronic obstructive; Respiratory function tests; Sleep;
Sleep apnea, obstructive; Comorbidity.
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INTRODUCTION Previous studies demonstrated that airflow obstruction”
and lung hyperinflation”*?) were correlated with poorer
sleep quality, whereas nocturnal O, desaturation may
disrupt normal sleep architecture.**) Reduction in the neural
respiratory drive to the respiratory muscles during sleep®®
may also contribute to nocturnal hypoventilation and
sleep disturbances. Unfortunately, moreover, sleep quality
may also be negatively affected by a plethora of factors
that are common in COPD patients, such as senescence,
obesity, cardiovascular/metabolic comorbidities,*> and
polypharmacy.? These features are even more prevalent
in patients with greater lung function impairment.
(1% Accordingly, we hypothesized that the effect(s) of
resting pulmonary function abnormalities on impaired
sleep quality”:2*3 could be influenced by some of these

COPD can potentiate the complex effects of disturbed
sleep on the respiratory system, including changes
in central respiratory control, airway resistance, gas
exchange, and respiratory muscle contractility.®) In
fact, patients with COPD frequently report impaired
sleep,®* which was ranked as the third most troublesome
disturbance, after dyspnea and fatigue.® They also endorse
the morning as the worst time of the day vis-a-vis energy
levels and willingness to undertake activities of daily
living.®> Accordingly, low sleep efficiency,®”) disturbed
sleep architecture,® and challenges in initiating and
maintaining sleep®*# have been confirmed by overnight
polysomnography (PSG) in this population of patients.

The mechanisms leading to impaired sleep in COPD are
still controversial.®'% Altered respiratory mechanics and
gas exchange abnormalities**) may render patients more
susceptible to nocturnal hypoventilation and hypoxemia.

features, such as obesity, nocturnal (de)oxygenation,
comorbidities, psychotropic drug prescription, and/or
alcohol consumption), which are frequently observed in
elderly individuals with COPD.
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Our objective, therefore, was to assess—after careful
adjustment for the abovementioned confounders—
putative associations of different domains of lung
function (airflow limitation, lung volumes, and gas
exchange efficiency) with PSG-derived parameters of
sleep quality and architecture in COPD.

METHODS

Study design and population

This was a retrospective cross-sectional study. Using
pre-specified criteria, data of all consecutive patients
> 40 years of age who were referred to the Clinical
Laboratories of Queen’s University Affiliated Teaching
Hospitals (Kingston General Hospital and Hotel Dieu
Hospital, both located in the city of Kingston, Canada)
for spirometry with post-bronchodilator assessment,
whole-body plethysmography, DL, and overnight
PSG between 2008 and 2016 were reviewed (Figure
1). These exams were requested at the discretion of
the attending physicians to evaluate respiratory (lung
function) and sleep-related (PSG) complaints. In the
case of sequential pulmonary function measurements,
the last assessment was recorded for analysis. The
following data were obtained from PSG reports: age,
sex, BMI, smoking status (former/current smoker vs.
never smoker), main diagnosis, comorbidities, alcohol
consumption (on the day of the exam), and medicine
prescription.

Participants were included based on informed diagnosis
or suspicion of COPD by the attending physician,
post-bronchodilator (albuterol, 400 pg) FEV,/FVC
< 0.70, and previous or current history of smoking.
Exclusion criteria included conditions that could affect
sleep quality (neuromuscular disease, previous stroke
with neurologic sequelae, or active cancer), chronic
respiratory disease (bronchiectasis, interstitial lung
disease, TLC < 80% of the predicted values), lack of
sleep during PSG (total sleep time (TST)/total recording
time [sleep efficiency] < 20%), central apnea index >
5 events/h, and/or use of nocturnal CPAP or oxygen
supplementation.

Subjects were unnamed and identified by unique
identification numbers. The study (#6020749) was
approved by the Queen’s University Health Sciences
and Affiliated Teaching Hospitals Research Ethics Board
(FWA #00004184; IRB #00001173). Informed consent
was waived by the institutional research committee
given the retrospective design of the study and the
guarantee of anonymity of all individual data included
in the study.

Procedures

Spirometry (including inspiratory capacity [IC]),
body plethysmography, and DL, measurements were
performed with automated testing equipment (V6200
Autobox; SensorMedics, Yorba Linda, CA, USA) in the

Post-BD spirometry Plethysmography & DL,
> 40 yrs of age n = 55,997
n = 25,904
E Duplicates removed i
i Only last test maintained i
Y Y
n=18,563 n = 27,061
E Databases merged E

!

| n=13,818

Full overnight PSG
n=712

Y

Excludedt:
Relevant comorbiditiest (n = 11)
TLC < 80% predicted (n = 24)

n=228

Diagnosis of COPD &
post-BD FEV,/FVC < 0.7

Central apnea index > 5 events/h (n = 6) Y

PSG using O, or CPAP (n = 5)
Never smoker (n = 2) COPD

i Sleep efficiency (n = 3) i(—
: : n =181

Figure 1. Flow chart of the study selection process. BD: bronchodilator; yrs: years; and PSG: polysomnography.
TParticipants may present with more than one reason. *Neuromuscular disease, cystic fibrosis, or pulmonary fibrosis.
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Pulmonary Function Laboratory at Hotel Dieu Hospital
in accordance with international standards (American
Thoracic Society/European Respiratory Society).

Standard PSG measurements were collected in
the Sleep Laboratory at Kingston General Hospital.
Continuous recordings using the Sandman Elite SD 32+
digital sleep recording system (Embla; Mallinckrodt/
Nellcor Puritan Bennett [Melville] Ltd, Mansfield,
MA, USA) included four electroencephalography
channels (C4A1, C3A2, 02A1, and 01A2); two
electrooculogram channels (ROCA1 and LOCA2);
submental electromyography; bilateral anterior tibialis
electromyography; electrocardiography; chest and
abdominal respiratory belts; nasal pressure via nasal
cannula; finger pulse oximeter (Sp0,); and a vibration
snore sensor. Sleep was staged, and obstructive
apneas and hypopneas were defined using established
criteria.*® Apneas were defined as central if there was
a lack of respiratory effort during the period of absent
airflow. Daytime sleepiness was assessed using the
Epworth Sleepiness Scale. A score equal to or higher
than 10 points was considered as excessive daytime
sleepiness. Obstructive sleep apnea (OSA) was defined
as an apnea/hypopnea index (AHI) > 5 events/h
and accompanied by excessive daytime sleepiness
or an AHI > 15 events/h regardless of coexistent
symptoms.(”) Sleep efficiency values < 85% were
defined as abnormally low.8'® Pulmonary function
tests and PSG were routinely performed only if the
subject was clinically stable in the preceding four weeks.

Statistical analysis

Statistical analysis was performed with the IBM
SPSS Statistics software package, version 24.0 (IBM
Corporation, Armonk, NY, USA). Values are reported
as means and standard deviations unless otherwise
specified. An estimated sample size of 139 subjects
was required to detect associations between continuous
dependent variables (PSG-derived sleep parameters)
and 15 predictors, considering a significance level of
p < 0.05, a desired statistical power of 0.8, and an
effect size (f?) of 0.15.¢9

Univariate linear regression analyses were initially
performed to evaluate associations of resting lung
function variables (FEV,/FVC, IC/TLC, RV/TLC, and DL,
in % of predicted values) and potential confounders (age,
sex, BMI, AHI, parameters of nocturnal desaturation,
comorbidities, psychotropic drug prescription, and alcohol
intake) with PSG parameters that reflect sleep quality
and architecture *-?9 Thereafter, first-level multivariate
analyses (backward stepwise method) were performed,
including pulmonary function and PSG variables (AHI
and parameters of nocturnal desaturation), as well
as anthropometric and demographic variables, that
showed p < 0.10 in univariate models. If pulmonary
function parameters remained as independent predictors
of sleep performance in the first-level models, these
multivariate analyses were further adjusted for presence
of comorbidities, psychotropic drug prescription,?> and
alcohol intake on the day of PSG®® if p was < 0.10

in univariate models (final models). The significance
level for retention of a variable in the multivariate
model was set at p < 0.05.

RESULTS

The severity of COPD was widely distributed among
the 181 patients included (post-bronchodilator FEV,
ranging from 25% to 128% of predicted): mild COPD, in
73 patients (40.3%); moderate COPD, in 78 (43.1%);
and severe-very severe COPD, in 30 (16.6%). As
expected, these participants presented with impaired
ventilatory mechanics and gas exchange (DL ) at rest
according to the predicted values (Table 1).

The subjects included in the study also showed
reduced mean sleep efficiency when compared with
historical controls, 144 (79.5%) of whom presenting
reduced values (< 85%). PSG also unveiled a high
proportion of OSA (116 subjects; 64.1%) and significant
nocturnal desaturation (Table 1). The presence of
OSA diagnosed by PSG was only related to lower slow
wave sleep, expressed as % of TST (f = —4.212; R?
= 4%; p = 0.015). As anticipated, a high prevalence
of comorbidities and prescription of psychotropic
medication was reported (Table 2). Of 157 subjects in
the sample, 22 (14.0%) reported alcohol consumption
on the day of PSG.

Univariate linear regression analyses revealed
that the selected resting lung function measures
weakly correlated with PSG-derived parameters
that reflect sleep quality and architecture (Table 3).
In multivariate analyses, the pulmonary function
parameters that remained as independent predictors
of sleep efficiency, sleep onset latency, and rapid eye
movement (REM) sleep (in % of TST) were FEV /
FVC, DL, and DL, respectively. As planned, these
models were subsequently adjusted for the presence
of comorbidities, psychotropic drug prescription, and
alcohol consumption when these variables showed
to be related to PSG-derived parameters of sleep
quality in univariate analyses (data not shown). The
resultant multivariate regression models depicting the
final independent predictors are presented in Table 4.

DISCUSSION

The major finding herein observed is that, after
controlling for age, sex, AHI, nocturnal desaturation,
comorbidities, psychotropic drug prescription, and
alcohol consumption, selected parameters of resting
lung function were weakly related to sleep quality
and architecture in COPD: lower FEV,/FVC ratio was
related to poorer sleep efficiency, whereas lower DL
was associated with longer sleep onset latency and
lower % of REM sleep.

PSG assessment of sleep quality is commonly found
in research involving COPD. 681227 The parameters
that in fact correlate with subjective estimates of sleep
quality, however, are controversial. We mainly analyzed
variables that have been posited to correlate with
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Table 1. Baseline characteristics of the patients included.?
Variable
Male sex, n (%)
Age, years
Weight, kg
Height, m
BMI, kg/m?
Resting lung function
FEV,
Pre-BD, L (% predicted)
Post-BD, L (% predicted)
FvC
Pre-BD, L (% predicted)
Post-BD, L (% predicted)
FEV,/FVC
Pre-BD
Post-BD
TLC, L (% predicted)
IC, L (% predicted)
IC/TLC
FRC, L (% predicted)
RV, L (% predicted)
RV/TLC
DL ,, mL/min/mmHg (% predicted)
Polysomnography
Epworth Sleepness Scale
TST, min®
Sleep efficiency, %
Sleep onset latency, min®
Wake after sleep onset, min®
NREM sleep stage 1, % TST?
NREM sleep stage 2, % TST?
Slow wave sleep, % TST'
REM sleep, % TST
AHI, events/h
Central apnea index, events/h
Baseline SpO,, %
Nadir SpO,, %
SpO, below 90%, % TST
Arousal index, events/h

(N = 181)
98 (54.1)
63.5 + 11.2
92.3 +24.7
1.66 + 0.08
33.4:+85

1.73 £ 0.64 (68.8 + 20.3)
1.84 £ 0.65 (73.4 £ 20.2)

2.9 £ 0.88 (84.2 + 18.0)
3.16 £ 0.89 (89.2  17.9)

0.57 + 0.11
0.58 + 0.11

5.88 + 1.27 (109.4 £ 16.3)

2.38 £ 0.74 (9.2 + 23.7)
0.40 + 0.09

3.51 £ 1.07 (132.4  42.9)

2.71+0.97 (132.9 + 43.3)
0.46 £ 0.10

17.0 £ 5.9 (74.2 + 21.7)

7.7+4.6
297.1 £ 81.3
69.0 +17.2
27.5 + 34.0
109.3 + 68.3
13.5+10.7
61.4+£12.4
11.3+10.4
13.5£8.3
21.9+28.2
29+6.1
93.6 £2.7
82.2+6.9
23.3+£32.4
7.0 £6.6

BD: bronchodilator; IC: inspiratory capacity; FRC: functional residual capacity; TST: total sleep time; NREM: non-rapid
eye-movement sleep; REM: rapid eye movements sleep; TST: total sleep time; and AHI: apnea-hypopnea index.3Values
expressed as mean + SD, except where otherwise indicated. "n = 153.

subjective sleep quality as assessed via retrospective
self-reported inventories or via ordinal scales included
in prospective sleep diaries. Sleep efficiency and
TST demonstrated to be significantly correlated with
subjective sleep quality in a community-dwelling
study including more than one thousand older adults
regardless of sex.?") The amount of slow-wave and/or
REM sleep stages???* and sleep onset latency*¥ showed
to be good predictors of subjective sleep satisfaction
in smaller and older studies. Although several weak
relationships were observed in univariate regressions,
few lung function variables remained in the multivariate
models only predicting sleep efficiency, sleep onset

J Bras Pneumol. 2021;47(3):e20200612

latency, and % of REM sleep, and all final multivariate
models demonstrated low coefficients of determination
(R?). This means that only a small proportion of the
variance in the dependent variables could be predicted
from the independent variables.Previous studies have
also failed to find significant and/or robust associations
between spirometric variables and sleep efficiency
in COPD.(®2”) It has long been recognized, however,
that due to the complexity of COPD, it is advisable to
take into consideration physiological measures other
than FEV, .® In fact, indexes of hyperinflation and
gas trapping have proven to be more useful than has
FEV, in predicting cardinal symptoms of the disease,
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Table 2. Prevalence of reported comorbidities and prescription of inhaled and psychotropic medication (N = 181).

Variable

Comorbidities
Systemic hypertension
GERD
Depression
Coronary artery disease
Cancer
Diabetes mellitus
Chronic pain
Osteoarthritis
Heart failure
Hypothyroidism
Atrial fibrillation
Chronic kidney disease
Inhaled medication
SABA
ICS
LABA
LAMA
SAMA
Psychotropic medication
Serotonin reuptake inhibitors
Benzodiazepines

Antipsychotics (olanzapine, clozapine, quetiapine, risperidone)

Other hypnotics (trazodone, zolpidem)
Opioids
Tricyclic antidepressants

n (%)

13 (7.2)
11(6.1)
10 (5.5)
8 (4.4)
7 (3.9)

38 (20.9)
23 (12.7)
13(7.2)
12 (6.6)
10 (5.5)
8 (4.4)

GERD: gastroesophageal reflux disease; SABA: short-acting B,-agonist; ICS: inhaled corticosteroid; LABA: long-acting
B,-agonist; LAMA: long-acting muscarinic antagonist; and SAMA: short-acting muscarinic antagonist.

such as dyspnea and exercise intolerance,** as well
as survival.*? Accordingly, the IC/TLC ratio®? and the
length of the zone of apposition of the diaphragm®
were associated with sleep efficiency. In the present
study, however, which was adjusted to control for
confounders, the significant relationships of gas
trapping and lung hyperinflation with sleep efficiency
observed in univariate regressions were no longer
present in multivariate analyses. It is conceivable,
therefore, that impaired respiratory mechanics and
increased work of breathing*") contributed only with
a small fraction to the reduction of sleep efficiency.
Accordingly, we recently showed that an evening dose
of formoterol/aclidinium, when compared with placebo,
improved overnight dynamic respiratory mechanics and
inspiratory neural drive, but no positive effects on PSG
outcomes (including sleep efficiency) were found.Y A
lower FEV,/FVC ratio is a sign of more severe airflow
obstruction, possibly resulting in increased overnight
symptoms (dyspnea, cough, and phlegm) and leading
to frequent awakenings or difficulty in sleep onset.432)

DL, in turn, persisted as the single pulmonary
function variable independently related to sleep onset
latency and % of REM sleep. Low resting DL , has been
reported to be associated with increased symptoms
even in smokers without COPD and in patients with

mild-moderate disease.*® Consequently, DL_, might
also be related to disturbed sleep because of a higher
burden of overnight respiratory symptoms, such
as nocturnal cough and dyspnea. In line with this
premise, Chang et al.¢? found that the burden of COPD
(particularly productive cough), evaluated through the
COPD Assessment Test, was an independent factor for
poor sleep quality. Recently, Lehmann et al.¢* found
that the use of two bronchodilators (indacaterol/
glycopyrronium) improved subjective sleep quality,
lung function, and daily symptoms. The extent to
which each of these mechanisms can improve sleep
quality remains to be determined. From a physiological
point of view, DL, is a marker of alveolar-capillary
membrane destruction from the early stages of COPD.
% Low DL, therefore, reflects impaired vascular
function across multiple anatomical sites, which was
associated with poorer perceived sleep quality and %
of REM sleep.® Interestingly, REM sleep is partially
facilitated by nitric oxide,*”) a substance continuously
synthesized by endothelial cells to maintain vascular
homeostasis. Additional research is needed to explore
the relationship between endothelial function/nitric
oxide-mediated pathways and REM sleep in COPD.

From a clinical standpoint, detection and management
of sleep disturbances seem relevant to reducing the
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Table 3. Regression coefficients (R) from univariate linear regression analyses investigating the relationship of
demographic, anthropometric, pulmonary function, and selected polysomnography-derived variables (apnea-hypopnea

Variable TST (min) Sleep
efficiency
(%)

(N = 181)

(N = 153)

Age (years) -0.261* -0.345*
Sex (male = 1) -0.207* -0.193*
BMI (kg/m?) -0.031 -0.058
Resting lung function
FEV,/FVC 0.1467 0.186*
IC/TLC 0.102 0.165*
RV/TLC 0.042 -0.156*
DL, (% predicted) 0.035 0.104
Polysomnography
AHI, events/h -0.235* -0.155*
Baseline SpO,, % -0.024 0.006
Nadir SpO,, % -0.018 -0.029
Sp0,< 90%, % TST -0.060 -0.041

index and Sp0,) with polysomnography parameters of sleep quality.

Sleep onset Wake after Slow wave REM sleep
latency (min) sleep onset sleep (%TST)
(min) (%TST)

(n = 153) (n = 153) (n = 153) (N = 177)
-0.032 0.415* -0.216* -0.161*
-0.187* 0.237* -0.259* 0.020
-0.102 0.057 -0.056 -0.1331
-0.191* -0.164* 0.122 0.082
-0.199* -0.130 -0.042 0.093
0.115 0.174* 0.042 -0.123%
-0.227 0.059 -0.163* 0.255*
0.040 0.281 -0.308* -0.115
0.053 -0.036 -0.131 0.154*
0.058 -0.018 0.016 0.121
0.044 0.029 0.168* -0.213*

TST: total sleep time; REM: rapid eye movement; IC: inspiratory capacity; and AHI: apnea-hypopnea index. *p <

0.05. 'p = 0.07. *p = 0.09.

Table 4. Multivariate linear regression models that retained pulmonary function parameters as independent variables

to predict sleep quality and architecture.?

B (95% CI) SE R p
Sleep Efficiency (N = 181) 0.379 < 0.001
Constant 86.704 9.870 < 0.001
Age (years) -0.530 (-0.720 to -0.298) 0.107 < 0.001
Post-BD FEV,/FVC 25.366 (3.250-47.4821) 11.207 0.025
Sleep onset latency (n = 147) 0.361 < 0.001
Constant 48.846 9.501 < 0.001
DL, (% predicted) -0.314 (-0.554 to -0.074) 0.121 0.011
Heart failure (Yes=1) 43.016 (19.801-66.232) 11.746 < 0.001
% of REM sleep (n = 178) 0.384 < 0.001
Constant 7.263 2.198 0.001
DL, (% predicted) 0.085 (0.029-0.140) 0.028 0.001
Antipsychotic drug use (Yes = 1) -6.127 (-10.587 to -1,668) 2.256 0.007
Alcohol intake (Yes = 1) 3.664 (0.242-7.087) 1.173 0.036

BD: bronchodilator; and REM: rapid eye movement.. ?Age, sex, BMI, apnea-hypopnea index, polysomnography
parameters of oxygen desaturation, comorbidities, psychotropic drug prescription, and alcohol intake were assessed
in multivariate linear regression models if p < 0.10 in univariate linear regression analyses.

burden of COPD.® Albeit to a small extent, selected
lung function parameters reflecting the severity of
airflow limitation and impairment in gas exchange
were indeed related to sleep quality and architecture in
COPD. It seems reasonable to consider these functional
abnormalities in conjunction with other clinical signs of
the disease (nocturnal wheezing, cough, and phlegm),
COPD-related psychological distress, and polypharmacy
in order to estimate the likelihood of poor sleep quality
in individual patients.® Surprisingly, despite the high
prevalence of diagnosed OSA (64.1%) in this sample of
predominantly overweight participants, the presence of
OSA, as well as the magnitude of overweight (BMI) and
AHI, did not interfere with the observed relationships
between lung function and sleep performance.

J Bras Pneumol. 2021;47(3):e20200612

The main limitations in the present study are related
to its cross-sectional design and retrospective nature.
The former precludes strong mechanistic inferences.
Although clinical information was carefully obtained
from the institutional routine on the day of PSG,
some additional potential clinical confounders may
still have escaped. Anxiety and depression are highly
prevalent®*® and associated with sleep disturbance
in COPDG?: lack of assessment of these disorders
by objective validated tools may have influenced our
results. In addition, the fact that duration of COPD,
exercise capacity, history of exacerbations, nocturnal/
early-morning respiratory symptoms, adherence to
prescribed psychotropic medications/duration of use,
duration of alcohol consumption, and smoking on the
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day of PSG were not assessed restricted the possibility
of further adjustment of the multivariate models. To
our knowledge, although our sample represents the
largest series to date in which sleep performance was
objectively measured by overnight PSG and correlated
with basic and advanced pulmonary function test
results, we cannot rule out that if these additional
potential confounders had been controlled, weaker
relationship(s) could have been found.

In conclusion, selected pulmonary function variables
reflecting the severity of airflow limitation and gas
exchange efficiency, adjusted for some potential
confounders, were weakly related to PSG outcomes
in COPD patients. The direct contribution of these

pathophysiological hallmarks of COPD to objectively
measured sleep quality seems to be less important
than it is generally thought, highlighting the complex
pathogenesis of sleep disorders in this population of
patients.
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