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Witnessed sleep apneas together with elevated plasma glucose are predictors
of COPD exacerbations
Truls S. Ingebrigtsena,b, Jacob L. Marottb and Peter Langea,b,c

aRespiratory Section, Department of Internal Medicine, Herlev and Gentofte Hospitals, Hellerup, Copenhagen University Hospitals,
Copenhagen, Denmark; bThe Copenhagen City Heart Study, Frederiksberg Hospital, Copenhagen University Hospital, Frederiksberg,
Denmark; cDepartment of Epidemiology, Institute of Public Health, Faculty of Health Sciences, University of Copenhagen, Copenhagen,
Denmark

ABSTRACT
Objective: Sleep apnea and elevated plasma glucose associates with inflammation which associ-
ates with the risk of COPD exacerbations. We investigated the risk of exacerbations in individuals
with COPD, witnessed sleep apneas, and elevated plasma glucose.
Methods: From the Copenhagen City Heart Study cohort, we identified 564 individuals with
COPD (forced expiratory volume in 1 sec divided by forced vital capacity, FEV1/FVC<0.70), no
asthma, above 40 years of age, and more than 10 pack-years of smoking history, with information
on witnessed apneas and levels of plasma glucose. We prospectively recorded hospital admis-
sions with COPD exacerbations during maximum available follow-up (26.3 years; mean
10.7 years). Cox-regression analyses were used to analyze the risk of COPD exacerbations.
Results: We identified 74 (13%) individuals with sleep apnea without elevated plasma glucose, 70
(12%) had elevated plasma glucose (above 6.9 mM (>125 mg/dL)) without sleep apnea and 11
individuals had the presence of both conditions. In univariable analysis, witnessed apneas
together with elevated plasma glucose had a high risk of exacerbations, hazard ratio
(HR) = 5.81 (2.34–14.4, p = 0.0001) compared to those without sleep apnea and without elevated
plasma glucose. Multivariable analysis, adjusting for several risk factors of exacerbations, showed
a similar result, HR = 3.45 (1.13–10.5, p = 0.03). Both presence of sleep apnea without elevated
plasma glucose and the presence of elevated plasma glucose without sleep apnea showed no
associations with the risk of exacerbations.
Conclusions: Witnessed sleep apneas in COPD are associated with increased risk of exacerba-
tions, but only among those with elevated plasma glucose.
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Introduction

Chronic obstructive pulmonary disease is one of the most
prevalent diseases in the world and estimated to be the
third leading cause of death [1]. COPD is characterized
by chronic inflammation in the airways and in
a substantial proportion of these patients, there are also
signs of systemic inflammation [2,3]. Obstructive sleep
apnea is also a prevalent disease associated with increased
morbidity [4] and mortality [5], and is recognized as
a common comorbidity for COPD patients [6]. The pre-
sence of both conditions, sometimes referred to as an
overlap syndrome, is estimated to coexist in around 1%
of the adult general population [7], and in a study of
patients with COPD undergoing an inpatient pulmonary
rehabilitation program the overlap prevalence was 45%
[8]. Importantly, the presence of sleep apnea in COPD

has been linked with an increased risk of exacerbations
requiring admission to the hospital [9].

Sleep apnea is also associatedwithmetabolic syndrome
and elevated plasma glucose and seems to have an inflam-
matory component [10,11]. Furthermore, it has been
shown that elevated plasma glucose in COPD patients
with acute exacerbations associates with prolonged
admissions and increased mortality [12]. Although some
studies have not been able to replicate these findings [13],
there is emerging evidence of the importance of glucose
metabolism and insulin resistance in patientswithCOPD.
A causal role for hyperglycemia in the human immune
activation has been suggested probably mediated by
increasing circulating cytokine concentrations [14], and
it is acknowledged that there is a close link between
metabolism and immunity [15]. Studies in mice have
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shown that chronic inflammation exacerbates glucose
metabolism [16] and that chronic hyperglycemia has an
effect on the innate immune system with an exaggeration
of the inflammatory response [17]. Impaired immune
mechanisms and inflammation are also common features
of individuals with COPD [3,18], and it could be postu-
lated that sleep apnea and elevated plasma glucose may
have a synergistic effect on inflammation and risk of
exacerbations in COPD.

Nevertheless, to our knowledge previous studies
have not assessed a possible interaction between the
presence of sleep apnea and elevated plasma glucose
levels; i.e. whether the risk of COPD exacerbations
associated with sleep apnea is different in individuals
with or without elevated glucose levels.

We hypothesized that elevated plasma glucose in indi-
viduals with COPD and witnessed sleep apneas associates
with an increased risk of COPD exacerbations and inves-
tigated this theory by performing a prospective analysis of
data from the Copenhagen City Heart Study (CCHS).

Materials and methods

Participants

Among individuals with COPD in the third examina-
tion of the Copenhagen City Heart Study (examined
1991–1994) [19], defined by pre-bronchodilator forced
expiratory volume in 1 sec (FEV1) divided by forced
vital capacity (FVC), FEV1/FVC<0.7, no asthma, age
above 40 years, more than 10 pack-years of smoking
history, and no history of admissions with severe
COPD exacerbations, we identified 571 individuals
with or without sleep apnea reported by their spouses.
Of these, 564 (98.9%) had data on baseline plasma
glucose levels and comprised our study population.

Sleep apnea

Presence of witnessed apneas observed by spouses was
reported as seldom/never, sometimes, and often/
always. In the present analyses, we defined seldom/
never as no witnessed apneas and sometimes/often/
always as an indication of the presence of witnessed
apneas (details in Supplementary Table 1) [19].

Elevated plasma glucose

Plasma glucose level at baseline was measured in mmol/L
(mM). In our main analysis, we used a non-fasting
plasma glucose above 6.9 mM (>125 mg/dL) to define
elevated plasma glucose (Supplementary Table 1).

Admissions

Data on hospitalizations were available from the national
Danish Patient Registry [20,21], from 1977 until
April 2018. Prospectively, severe COPD exacerbations
were recorded as the first admission with a discharge
diagnosis of COPD and time to first admission (ICD-8:
491.00–492.09 and ICD-10: DJ41.0-DJ44.9; ICD-9 was
never used in Denmark where ICD-8 was used until
1994 and hereafter shifted directly to ICD-10).

Statistical analysis

For demographics, continuous variables and categori-
cal variables were compared using analysis of variance
and chi-square tests as appropriate.

The Kaplan–Meier estimator was used to estimate the
percentage of events during follow-up after the initial
examination, accounting for censoring of data, and per-
centages presented are 100% minus the Kaplan–Meier
estimate of being event-free. Kaplan–Meier curves were
included to describe the clinical prognosis for groups of
individuals with COPD with or without sleep apnea and
with or without elevated plasma glucose. Interaction
between the presence of sleep apnea and elevated plasma
glucose was tested by analysis of variance (ANOVA)
using a likelihood ratio test.

To estimate the confounder adjusted risks of COPD
hospital admissions we used a Cox-regression model. In
multivariable modeling we included the following vari-
ables: age at examination, sex, FEV1 in % of predicted
value, breathlessness (a score on the modified medical
research council scale, mMRC ≥2), night-time dyspnoea,
body mass index (BMI) categories, pack-years, elevated
C-reactive protein (CRP) (>3 mg/L), elevated systolic
bloodpressure (>140mmHg) and elevated total cholesterol
(>6.2 mM (>240 mg/dL)), lowered HDL cholesterol
(<1.03 mM (<40 mg/dL)), and elevated triglycerides
(>1.7 mM (>150 mg/dL)). In the third examination of the
Copenhagen City Heart Study, we also had data on self-
reported regular use (reported daily or almost daily use) of
asthma/bronchitis medication, diuretics, cholesterol-
lowering medication, and blood pressure medication as
yes/no variables. These were also included in multivariable
analyses, except cholesterol-lowering medication since no
individuals with COPD reported regular use of these drugs
at the baseline examination. Supplementary Table 1 shows
details of all variables included in our analyses.

The assumption of proportionality in the Cox-
regression models was tested with the Lin, Wei, and Ying
score process test [22]. All analyses were performed with
R version 3.4.4 (R Foundation for Statistical Computing,
Vienna, Austria) [23].
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Sensitivity analysis

We chose our main glucose cut-point (>125 mg/dL or
>6.9 mM) in correspondence with the established cut-
point for a diagnosis of diabetes in fasting individuals.
However, as we only had non-fasting glucose levels, we
also chose to analyze the cut-point corresponding to an
impaired glucose tolerance in an oral glucose tolerance
test (>140 mg/dL or >7.8 mM). In addition, we wished
to assess a possible dose–response relation with plasma
glucose levels. Therefore, in our sensitivity analysis, we
defined elevated plasma glucose by plasma glucose
above 7.8 mM (>140 mg/dl) at the baseline examina-
tion. Univariable and multivariable sensitivity analyses
were done as described above.

Results

Demographics

Among 564 individuals with COPD, 85 (15%) reported
witnessed apneas. We identified 11 (2%) individuals with
COPD, sleep apnea, and elevated plasma glucose above
6.9 mM (>125 mg/dL), and five individuals with COPD,
sleep apnea, and elevated plasma glucose above 7.8 mM
(>140 mg/dL). Furthermore, 74 (13%) individuals had
sleep apnea without elevated plasma glucose and 70
(12%) individuals had elevated plasma glucose without
sleep apnea. Table 1 shows baseline characteristics of
individuals with COPD with or without sleep apnea and
with or without elevated plasma glucose. Individuals with
sleep apnea and elevated plasma glucoseweremainlymen
with poorer lung function, more breathlessness, night-

time dyspnoea and obesity, and a higher number of pack-
years, slightly more with elevated CRP, and more with
lowered HDL-cholesterol. The use of asthma/bronchitis
medication and blood pressure medication was not sig-
nificantly different at baseline, but the use of diuretics was
higher among those with witnessed apneas and elevated
plasma glucose.

We observed a highly significant interaction between
reported witnessed apneas and baseline plasma glucose
level, p = 0.0004.

Admissions with severe exacerbations

During an average follow-up of 10.7 years (maximum:
26.4 years), among the 564 individuals with COPD, 196
(35%) individuals had severe exacerbations and we
prospectively analyzed the first admission with
a COPD exacerbation (these 196 individuals had at
least one hospital admission due to a COPD exacerba-
tion during follow-up).

Figure 1 shows Kaplan–Meier curves (with Log-rank
test) for individuals with COPD with or without wit-
nessed apneas and with or without elevated plasma
glucose and the prospective risk of being free of
COPD exacerbations during maximum available fol-
low-up.

In univariable Cox-regression analysis, sleep apnea
with elevated plasma glucose associated with increased
risk of exacerbations, hazard ratio (HR) = 5.81 (2.34–14.4,
p = 0.0001) compared to individuals without sleep apnea
and without elevated plasma glucose. Sleep apnea alone
without elevated plasma glucose and elevated plasma

Table 1. Characteristics of 564 individuals with chronic obstructive pulmonary disease (COPD) in the third examination of the
Copenhagen City Heart Study, with or without sleep apnea and with or without elevated plasma glucose above 6.9 mM (>125 mg/dL).

Characteristics

No sleep apnea and
not elevated glucose

(N = 409)

Sleep apnea but
not elevated

glucose (N = 74)

No sleep apnea but
elevated glucose

(N = 70)

Sleep apnea and
elevated glucose

(N = 11) P Value

Age at examination – mean (SD) 66.0 (9.5) 63.2 (8.9) 67.8 (8.5) 67.1 (8.4) 0.02
Males – % (No.) 60.4 (247) 77.0 (57) 67.1 (47) 90.9 (10) 0.009
FEV1 in % of predicted value – mean (SD) 74.3 (19.5) 69.0 (19.8) 66.8 (16.7) 64.0 (14.9) 0.002
Pack-years – mean (SD) 39.7 (20.5) 48.6 (25.3) 42.0 (15.4) 53.7 (24.0) 0.002
Breathlessness* – % (No.) 15.9 (65) 33.8 (25) 27.1 (19) 63.6 (7) <0.001
Night-time dyspnoea – (% (No.) 2.9 (12) 14.9 (11) 2.9 (2) 18.2 (2) <0.001
Normal weighta – % (No.) 54.8 (224) 51.4 (38) 47.1 (33) 45.5 (5) 0.06
Underweightb – % (No.) 3.7 (15) 2.7 (2) 2.9 (2) 0.0 (0)
Overweightc – % (No.) 33.7 (138) 29.7 (22) 40.0 (28) 18.2 (2)
Obesed – % (No.) 7.8 (32) 16.2 (12) 10.0 (7) 36.4 (4)
C-reactive protein – (> 3 mg/L) – % (No.) 25.8 (91) 35.8 (24) 45.5 (30) 30.0 (3) 0.009
Systolic blood pressure – mean (SD) 143.6 (21.7) 143.7 (19.1) 142.1 (21.2) 137.8 (25.4) 0.79
Total cholesterol >6.2 mM (> 240 mg/dL) – % (No.) 48.9 (200) 45.9 (34) 40.0 (28) 18.2 (2) 0.13
HDL cholesterol <1.03 mM (<40 mg/dL) – % (No.) 9.5 (39) 21.6 (16) 25.7 (18) 63.6 (7) <0.001
Triglycerides >1.7 mM (>150 mg/dL) – % (No.) 43.5 (177) 51.4 (38) 57.1 (40) 63.6 (7) 0.08
Asthma or bronchitis medication – % (No.) 3.4 (14) 6.8 (5) 1.4 (1) 9.1 (1) 0.27
Blood pressure medication – % (No.) 11.6 (47) 16.4 (12) 15.7 (11) 9.1 (1) 0.55
Diuretics – % (No.) 7.4 (30) 9.6 (7) 14.3 (10) 45.5 (5) <0.001

*A score on the Modified Medical Research Council Scale equal to or larger than two; SD: Standard Deviation. aNormal weight: 18.5 kg/m^2≤ BMI<25.0 kg/
m^2; bUnderweight: BMI<18.0 kg/m^2; cOverweight: 25 kg/m^2≤ BMI<30.0 kg/m^2; dObese: BMI≥30.0 kg/m^2.
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glucose alone without sleep apnea showed a numerically
slightly higher risk, which did not reach statistical signifi-
cance, HR = 1.31 (0.89–1.92, p = 0.17) and HR = 1.27
(0.80–2.01, p = 0.30), respectively.

In multivariable analyses, sleep apnea with elevated
plasma glucose associated with increased risk of exacer-
bations, HR = 3.45 (1.13–10.5, p = 0.03). Sleep apnea
without elevated plasma glucose and elevated plasma
glucose without sleep apnea showed no associations
with risk of exacerbations, HR = 0.92 (0.58–1.45,
p = 0.72) and HR = 0.83 (0.50–1.36, p = 0.45), respec-
tively. Table 2 shows the results for all variables
included in the multivariable analysis.

Sensitivity analysis

We identified five individuals with COPD, sleep apnea,
and plasma glucose above 7.8 mM (>140 mg/dL); char-
acteristics shown in Supplementary Table 2. In our
univariable sensitivity analysis, we observed that sleep
apnea with this elevation of plasma glucose was asso-
ciated with an even higher risk of exacerbations,
HR = 11.0 (4.00–30.3, p = 0.000003).

In our multivariable sensitivity analysis, we observed
a similar significant association for sleep apnea with ele-
vated plasma glucose, HR = 5.71 (1.42–23.0, p = 0.01)
compared to those without sleep apnea and without ele-
vated plasma glucose. Similar to our main analysis, sleep
apneawithout elevated plasma glucose and elevated plasma
glucose without sleep apnea showed no associations with
risk of COPD admissions, HR = 0.92 (0.59–1.44, p = 0.70)
and HR = 0.54 (0.24–1.20, p = 0.13), respectively.
Supplementary Table 3 shows results for all variables
included in the multivariable sensitivity analysis.

Discussion

In this prospective cohort study, we observed that among
individuals with COPD those who had reported witnessed
apneas and elevated plasma glucose at baseline had
a threefold increased risk of severe COPD exacerbations
requiring hospital admission compared to those without
sleep apnea and without elevated plasma glucose.
Furthermore, individualswith sleep apneawithout elevated
plasma glucose and those with elevated plasma glucose

Figure 1. Kaplan–Meier curves showing associations between individuals with COPD with or without reported witnessed apneas
and with or without elevated plasma glucose above 6.9 mM (>125 mg/dL) at baseline and risk of being free of COPD exacerbations
during follow-up in the Copenhagen City Heart Study.
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without sleep apnea did not have an increased risk of
exacerbations.

To our knowledge, this is the first study showing an
interaction between sleep apnea and plasma glucose
levels in individuals with COPD affecting the future
risk of severe exacerbations.

Our findings are novel and seem biologically plausible.
In a study of 96 individuals with or without sleep apnea,
Cizza et al. found that sleep apnea associatedwith impaired
glucose metabolism [24]. Similarly, in a larger study by
Bakker et al. the authors found that sleep apnea associated
with metabolic dysfunction and increased plasma glucose
levels [25]. Elevated plasma glucose is a part of the meta-
bolic syndrome which is prevalent in COPD [26]. A study
of 29 individuals withmetabolic syndrome and 77 controls
showed a significant correlation between the presence of
metabolic syndrome and COPD exacerbation frequency
[27], and the explanation for our findings could be a hyper-
metabolic state caused by an interaction between sleep
apnea andplasma glucose thereby increasing inflammation
and risk of exacerbations. In our study, we were able to
include several variables describing metabolic syndrome
such as total cholesterol, HDL cholesterol, and systolic
blood pressure. Surprisingly, of these variables only HDL
cholesterol was associated with the presence of sleep apnea
with elevated plasma glucose in COPD at baseline, and all
these variables were included in multivariable analyses
without affecting our conclusions.

Previous research has shown that the measurement of
biomarker combinations including C-reactive protein
could be useful in identifying individuals with obstructive
sleep apnea [28]. In another study of 15 individuals with
impaired glucose tolerance, the authors found higher
plasma levels of the cytokines IL-6 and TNF-α compared
to 20 controls [14]. This could be particularly important
in COPD patients that are characterized by systemic
inflammation and elevated inflammatory biomarkers
[3]. In our study, we observed slightly more with an
elevated CRP level in those with sleep apnea with or
without elevated plasma glucose. CRP elevation could
represent systemic inflammation in individuals with
sleep apnea but, importantly, including CRP inmultivari-
able analyses did not change our conclusions. This, of
course, does not rule out the involvement of other inflam-
matory pathways. Similarly, the difference in pack-years
across groups at baseline could have an effect on systemic
inflammation and confound univariable analyses, but the
multivariable estimates were also significant and robust
towards adjustments for this variable.

Sleep apnea and metabolic syndrome are associated
with obesity and we observed a higher prevalence of
obesity in individuals with sleep apnea and elevated
plasma glucose. Nevertheless, our results remained
similar after adjustment for BMI categories and, in
fact, overweight and obesity per se associated with
reduced risk of severe exacerbations requiring hospital
admissions, which is in line with previous findings
[29], and in line with our observation that hyperten-
sion was associated with reduced risk of exacerbations
[30], but future studies on the associations between
BMI, hypertension, sleep apnea, and COPD exacerba-
tions are warranted.

A major limitation to our study was the sample size
with only 11 individuals with sleep apnea and elevated
plasma glucose above 6.9 mM (>125 mg/dL) and five
individuals in our sensitivity analysis with sleep apnea
and plasma glucose above 7.8 mM (>140 mg/dL) at base-
line, which increase the likelihood of false-positive find-
ings. However, we believe that our conclusion that sleep
apnea in COPD only associates with exacerbations in
those with elevated plasma glucose is supported by the
observed null associations between sleep apnea without
elevated plasma glucose and elevated plasma glucose
without sleep apnea, which we also believe are novel
findings. These subgroups were quite large comprising
74 and 70 individuals, respectively. Furthermore, our
main significant findings are based mostly on a sample
of males which is an important potential limitation to the
generalisability of our results, although most individuals
with both COPD and sleep apnea are males. Another
major limitation to our study is the assessment of sleep

Table 2. Multivariable associations between all variables
included in multivariable Cox-regression analysis and prospec-
tive risk of severe COPD exacerbations requiring hospital
admission. Elevated plasma glucose defined by a plasma glu-
cose level above 6.9 mM (>125 mg/dL).

Characteristics
Hazard ratio (95%

CI) P Value

Sleep apnea and not elevated glucosea 0.92 (0.58–1.45) 0.72
No sleep apnea but elevated glucosea 0.83 (0.50–1.36) 0.45
Sleep apnea and elevated glucosea 3.45 (1.13–10.5) 0.03
Age (per year increase) 1.03 (1.01–1.05) 0.003
Males (reference females) 1.02 (0.70–1.48) 0.92
FEV1 in % of predicted value (per %

increase)
0.96 (0.95–0.97) <0.0001

Overweightb 0.67 (0.46–0.97) 0.03
Obeseb 0.35 (0.19–0.64) 0.0008
Underweightb 1.43 (0.69–2.99) 0.34
Breathlessnessc 1.49 (0.97–2.29) 0.07
Night-time dyspnoea 1.50 (0.76–2.97) 0.24
C-reactive protein (> 3 mg/L) 1.09 (0.73–1.61) 0.68
Total cholesterol >6.2 mM (>240 mg/dL) 1.12 (0.81–1.56) 0.48
HDL-cholesterol <1.03 mM (<40 mg/dL) 1.03 (0.66–1.62) 0.89
Triglycerides >1.7 mM (>150 mg/dL) 0.88 (0.64–1.22) 0.45
Systolic blood pressure elevated
(>140 mmHg)

0.58 (0.42–0.82) 0.002

Pack-years (per one year increase) 1.01 (1.00–1.02) 0.01
Asthma or bronchitis medication 1.82 (0.91–3.65) 0.09
Blood pressure medication 1.32 (0.79–2.20) 0.29
Diuretics 0.98 (0.51–1.85) 0.94

FEV1: Forced expiratory volume in 1 sec; aNo sleep apnea and not elevated
plasma glucose as reference; bNormal weight as reference group; cA score
on the modified medical research council scale, mMRC ≥2.
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apnea by self-report. Although witnessed apnea events
are a good predictor of obstructive sleep apnea they do
not predict severity and are not diagnostic [31]. Inclusion
of information on overnight monitoring demonstrating
obstructed breathing events [31] would make our study
more reliable; however, such data are not available in the
Copenhagen City Heart Study. As we cannot assess the
severity of sleep apnea in the present study, we speculate
that another explanation for our findings could be that
the elevation of plasma glucose levels reflects more severe
sleep apnea. As such, the association with exacerbations
observed in individuals with sleep apnea and elevated
plasma glucose could simply reflect a marker of disease
severity and not represent an inflammatory synergism
which is somewhat supported by the observed only
slightly increased levels of CRP.

Similarly, individuals with COPD and increased glu-
cose levels and witnessed apneas had the lowest FEV1,
highest number of pack-years, highest proportion of
breathlessness, and nocturnal dyspnea suggesting more
severe COPD. Although we adjusted our analyses for
all these variables, confounding from COPD severity
and residual confounding might still be present.

Therefore, our results must be interpreted with cau-
tion, and of course, only provides associations and does
not address causality on the effect of sleep apnea and
elevated plasma glucose in COPD.

Unfortunately, the Copenhagen City Heart Study
does not hold data on other symptoms of sleep
apnea, but as a major strength to our study included
information of several baseline characteristics asso-
ciated with COPD, exacerbations, and metabolic syn-
drome. Inclusion of all these variables in multivariable
modeling produced robust and significant associations
between witnessed apneas with elevated plasma glucose
and the risk of severe exacerbations in COPD. Further
strengths include recording of severe COPD exacerba-
tions requiring admission to hospital in the all-
covering national admission registry with a validated
positive predictive value of 92% [32].

As another potential limitation to our study, regular use
of diuretics was higher among those with witnessed apneas
and elevated plasma glucose which suggests comorbid
heart failure. Heart failure could provoke nocturnal dys-
pnea and irregular breathing which could be interpreted as
apneas, and in addition, diuretics could contribute to ele-
vated plasma glucose levels. Furthermore, decompensated
heart failure despite diuretic treatment could cause fluid
shift during night-time leading to worsening of obstructive
sleep apnea and perhaps thereby increase the risk of exacer-
bations in COPD. However, for this study, we did not have
data on comorbid cardiovascular disease, but multivariable
analyses remained significant after adjustment for regular

use of diuretics. Similarly, another potential limitation was
that the third examination of the Copenhagen City Heart
Study does not hold information on the type of antidiabetic
medication used by the participants.

A further important limitation to our study is that
we did not have data on how many patients had
a diagnosis of obstructive sleep apnea with or without
treatment. A meta-analysis found that continuous posi-
tive airway pressure (CPAP) treatment significantly
improved insulin resistance in non-diabetic patients
with obstructive sleep apnea, although the meta-
analysis did not detect a change in glycaemic control
[33]. In a large study of 718 patients with sleep apnea
treated with CPAP, those who were most adherent to
treatment had a significant improvement in glucose
levels [34]. Furthermore, CPAP treatment in patients
with COPD and sleep apnea reduces the risk of severe
exacerbations [9]. Therefore, it would be interesting to
assess whether CPAP treatment in patients with
COPD, sleep apnea, and elevation of plasma glucose
has a particularly beneficial effect on future risk of
exacerbations.

In conclusion, we observed that among individuals
with COPD, those who had witnessed sleep apneas and
elevated plasma glucose had a threefold increased risk
of severe COPD exacerbations compared to those with-
out sleep apnea and without elevated plasma glucose.
Furthermore, individuals with COPD and sleep apnea
without elevated plasma glucose, and those with COPD
and elevated plasma glucose without sleep apnea did
not have an increased risk of exacerbations.
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