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ABSTRACT  Information about the association between cognitive functions, such as copying function,
and sleep disturbances in patients with chronic obstructive pulmonary disease (COPD) is lacking. This
cross-sectional observational study aimed to investigate the association between copying function and
self-reported sleep quality disturbances and disease severity in an elderly COPD population.

Cognitive function performances, assessed using the Mini-Mental State Examination, were compared in
562 ambulatory COPD patients with and without sleep disturbances; assessed using the Established
Populations for Epidemiologic Studies of the Elderly questionnaire; and stratified by Global Initiative for
Chronic Obstructive Lung Disease (GOLD) grades.

Sleep disturbances overall were not correlated with cognitive functioning. A trend was revealed towards
worse design copying in patients with sleep disturbances overall. GOLD I patients with difficulties falling
asleep and nocturnal awakenings had worse copying ability compared to GOLD I patients without these
sleep disturbances. Copying ability was worse for GOLD III than GOLD I, orientation was worse for
GOLD II than GOLD I and language was worse for GOLD II and III than GOLD 1.

To conclude, sleep disturbances seem to be a weak correlate of cognitive functioning, and are not a
marker of disease severity.
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Introduction

In the general population, sleep deprivation has been demonstrated to negatively impact cognitive
functions such as attention and working memory [1]. Both sleep disturbances [2] and cognitive
impairment [3] are frequently found in patients with chronic obstructive pulmonary disease (COPD).
However, knowledge concerning the relationship between sleep and cognition in COPD is scarce.

Beruia et al. [2] did not find a relationship between sleep disturbances and cognitive impairment in an
elderly ambulatory mixed asthma-COPD population. Nevertheless, asthma patients accounted for ~40%
of the sample, and it is well known that cognitive impairment is rare in patients with asthma [4]. In
contrast, OMacHI et al. [5] found a relationship between verbal memory and sleep disturbances in patients
with COPD. However, confounders potentially affecting cognitive functioning such as comorbid diseases,
sensory impairment and physical functioning were not assessed.

In view of these conflicting results, we hypothesise that further insight into the sleep-cognition relationship
in COPD might be obtained by focusing on a specific cognitive function, namely copying ability. The
rationale for this hypothesis lies in the observation that the insula is involved in the neural circuits
underlying the copying function, and limbic areas such as the amygdaloid complexes, hippocampal
formation and anterior cingulate cortex are involved in sleep regulation [6]. Even if assessed in the context of
a simple screening test such as the Mini-Mental State Examination (MMSE), copying ability has been proved
to identify COPD patients at risk of improper use of inhalers [7], and to predict mortality in COPD [8].
Furthermore, it has been proved to have important classificatory and prognostic implications in the broader
elderly population [8]. Thus, it carries information worthy of interest because of its practical application.

The present study purposed to verify whether and to what extent copying function and the remaining
components of MMSE are correlated with self-reported sleep disturbances and with COPD severity in an
elderly COPD population.

Methods

Study design

This observational follow-up study used data from the Salute Respiratoria nell’Anziano (Respiratory Health
in the Elderly) study (SaRA), a multicentre study of various aspects of clinical and functional conditions
and prognostic implications in older home-dwelling subjects with chronic respiratory and nonrespiratory
conditions. A detailed description of recruitment criteria, studied population and diagnostic procedures is
available elsewhere [9].

Study population

The SaRA study population consisted of 1970 participants aged >65 years, recruited in 24 geriatric institutions
throughout Italy. For this study all patients with COPD were selected from all individuals included in the
SaRA study. Patients were considered to have COPD if they had a pre-bronchodilator forced expiratory
volume in 1s (FEV1)/forced vital capacity (FVC) ratio of <70% predicted and if there was no evidence of
asthma. Patients gave their written consent to participate in the study. The SaRA study was approved by the
ethical committee of the coordinating centre (#276/2012; University of Palermo, Palermo, Italy).

Outcome measures

The following outcomes were recorded: sociodemographic characteristics (age, sex, years of education);
smoking habits (smoking status, pack-years); disease-specific health status (St George’s Respiratory
Questionnaire) [10]; physical functioning (a single 6-min walk test [11] and the Barthel index [12]); mood
status (15-item version of the Geriatric Depression Scale (GDS) [13]); pre-bronchodilator spirometry (FVC,
FVC % pred, FEV1, FEV1 % pred and FEV1/FVC); nocturnal symptoms and early morning symptoms using
selected items of the International Union against Tuberculosis and Lung Disease (IUATLD) Bronchial
Symptoms Questionnaire [14]; and comorbid diseases (International Classification of Diseases (ICD)-9) [15].

Sleep quality disturbances were evaluated by the index of disturbed sleep from the Established Populations for
Epidemiologic Studies of the Elderly questionnaire (EPESE) [16] and defined as report of O=never, 1=rarely
(3-4 days per month), 2=sometimes (1-2 days per week), 3=often (>3 days per week), 4=always, in response
to the following questions: 1) trouble falling asleep, 2) frequent awakenings at night, 3) waking up too early in
the morning and not being able to fall asleep again and 4) not feeling rested in the morning. A total score
ranging from 0 (completely undisturbed sleep) to 16 points (most severely disturbed sleep) was then
calculated. Scores on the EPESE domains were dichotomised with a threshold value for each item of 2 [2].

Cognitive functioning was assessed using the MMSE [17], which explores global cognitive functioning (total
score 0-30 points) and five specific cognitive functions: orientation (0-10 points), memory (0-6 points),
attention and calculation (0-5 points), language (0-8 points) and design copying (0-1 point). In order to
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be able to compare mean scores per cognitive function, a percentage correct score per MMSE cognitive
function was calculated by dividing the patient’s cognitive function score with the total possible points for
the items that comprise a specific cognitive function. For dichotomous items, the percentage of patients
who failed was calculated. Individual performances on the MMSE total scores were adjusted for age and
level of education according to a random sample of 906 persons from the Italian population (online
supplementary table S2) [18].

Statistics

Statistical analysis was performed using the SPSS statistical software package (version 21.0; SPSS Inc.,
Chicago, IL, USA). Probability values of p<0.05 were considered to be statistically significant. In
descriptive analyses, data are presented as mean+sp or number of data items and percentage of the total
number of items. Using Chi-squared tests for categorical variables and ANOVA or Kruskal-Wallis tests as
appropriate for continuous variables, patient characteristics were compared between COPD patients across
GOLD grades (GOLD I: FEV1 >80%; GOLD II: FEV1 >50% and <80%; GOLD III: FEV1 >30% and
<50%; GOLD IV: FEV1 <30%) [19]. If p<0.05, pairwise comparisons were conducted. Chi-squared test or
Pearson’s r was used to establish whether there was a relationship between the presence of nocturnal
symptoms and sleep disturbances and between sleep disturbances and cognitive functioning. An overall
outcome for EPESE was defined by dichotomising the total score on the basis of a threshold value of
8 points [2]. MMSE total score was dichotomised as follows: scores <24 points indicate cognitive
impairment and scores >24 points indicate no cognitive impairment [17]. Bar charts were used to
summarise and present cognitive performance after stratification for GOLD grade or specific sleep
disturbances. Cognitive functions were compared between patients with and without specific sleep
disturbances, using independent sample t-tests or the Mann-Whitney U-test. To assess the degree to
which the effect of sleep disturbances on cognitive functioning changes across GOLD grades, linear
regression analysis was used with an interaction term between sleep disturbances and GOLD grade.

Results

General characteristics of participants

In total, 562 ambulatory patients (77% male) with COPD were included. Of these, 194 (34.5%) patients
were classified as GOLD grade 1, 232 (41.3%) patients as GOLD grade II, 103 (18.3%) patients as GOLD
grade III and 33 (5.9%) patients as GOLD grade IV. Across GOLD grades, patients differed in age, sex,
lung function, smoking habits, body mass index, depressive symptoms, disease-specific health status,
physical functioning and comorbid diseases including myocardial infarction and congestive heart failure.
(table 1). Sleep disturbances did not differ across GOLD grades (table 2). Significant associations were
found between nocturnal symptoms and sleep disturbances, but not between early morning symptoms and
sleep disturbances in the total COPD group. After stratification by GOLD grade, nocturnal symptoms were
correlated with sleep disturbances only in GOLD grades I and III (online supplementary table S1).

Relationship between cognitive functioning and sleep disturbances

Copying ability and language were worse for GOLD III than GOLD I. Orientation and language were
worse for GOLD II than GOLD I. However, the prevalence of global cognitive impairment and the
adjusted MMSE score did not differ across GOLD grades (table 2). Sleep disturbances overall did not
correlate with global cognitive functioning in the total COPD group (r=0.036, p=0.392), and this
relationship was not influenced by COPD severity (interaction term GOLD gradexsleep disturbances in a
linear regression model B=—0.257, p=0.797). Copying ability was comparable between patients with and
without sleep disturbances overall in the total COPD group and across GOLD grades, except that a higher
percentage of patients in GOLD I with sleep disturbances failed on copying function compared to those
without sleep disturbances (41.5% versus 20.8%, p=0.008) (fig. 1). In the total COPD group, patients with
difficulties falling asleep more often failed on the design copying compared to patients without difficulties
falling asleep (fig. 2). Patients in GOLD I with difficulties falling asleep and nocturnal awakenings had
worse copying ability than those without these specific sleep disturbances (fig. 3). For the remaining
cognitive functions, percentage correct scores did not differ between patients with and without specific
sleep disturbances (online supplementary figs S1-S3).

Discussion

Key findings

The present study found that global cognitive functioning was not associated with self-reported sleep
quality disturbances overall in an elderly COPD population. However, a trend was observed towards worse
copying function in patients with sleep disturbances in the total group and in GOLD grade I. Moreover,
higher level cognitive functions as reflected by the copying function, orientation and language decreased to
some extent with increasing disease severity.
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TABLE 1 Patient characteristics of the study population

Total COPD group GOLD | GOLD II GOLD I GOLD IV  p-value®

Subjects n 562 194 232 103 33
Sociodemographic characteristics

Age years 73.9+5.9 74.4+5.91 74.5+ 6.27 71.945.0 72.9+5.8 0.001

Male 433 (77.0) 143 (73.7)1 172 (74.1)1 89 (86.4) 29 (87.9) 0.022

Education years 6.645.1 7.2+4.0 6.1£3.9 6.0£3.9 7.8£14.3 0.056
Spirometry

FEV1/FVC 57.2+11.5 65.1+4.17+8 59.2+¢7.6"8  44.6+10.3%  36.5:10.8  <0.001

FEV1 % pred 69.1424.7 95.6+12.871+8 65.9+8.978  40.0£60.08  25.7+29  <0.001
Smoking habits

Smokers 97 (17.3) 27 (13.9) 42 (18.1) 22 (21.4) 6 (18.2) 0.005

Former smokers 341 (60.7) 112 (57.7) 134 (57.8) 72 (69.9) 23 (69.7)

Never-smokers 124 (22.1) 55 (28.4) 56 (24.1) 9 (8.7) 4(12.2)

Pack-years 45.8+33.8 34.8+25.91+ 50.1+35.9 52.7+1.8  50.4#35.7  <0.001
Clinical characteristics

BMI kg-m~2 25.8+3.9 26.1+3.58 26.1+4.08 25.2+4.5 24.3+3.3 0.023

GDS points 3.5+3.2 2.8+3.01+8 3.743.2 41434 5.0+3.4 <0.001

GDS >5 points 144 (25.6) 34 (17.5)1+8 63 (27.2) 35 (34.0) 12 (36.4) 0.005

Visual impairment 51 (9.1) 16 (8.2) 28 (12.1) 4(3.9) 3(9.1) 0.109

Hearing impairment 42 (7.5) 12 (6.2) 2 (9.5) 8(7.8) 0 (0.0) 0.212
Disease-specific health status

SGRQ symptom score 47.2+24.8 30.0+ 21.97+8  £436223.0M"8  61.9£19.6  62.4+20.1  <0.001

SGRAQ activity score 48.4+27.5 28.5+24.51+8 453+26 318 61.2£204  73.3+17.0  <0.001

SGRQ impact score 26.3+22.4 13.4£16.81+8 21.7¢19.87  37.0£19.5%  49.7+24.3  <0.001

SGRQ total score 37.1£22.1 21.2+¢18.17+8 33.1£19.8"8 4924173  59.0+185  <0.001
Physical functioning

6MWT m 317.4+120.2 341.0+123.8%  322.0+111.178 280.2+124.1 255.6+100.6 <0.001

6MWT % pred 24.6+35.7 23.3+36.8 24.4+36.7 26.1+#33.3  29.6+ 30.4 0.797

Barthel index 93.149.1 94.7+8.98 93.149.38 91.9+7.8  87.7¢10.2  <0.001

Barthel index <80 40 (7.1) 7 (3.6)8 16 (6.9)8 8 (7.8)8 9 (27.3) <0.001
Comorbid diseases

Myocardial infarction 48 (8.5) 66 (5.7)1 31 (13.4)7 4 (3.9) 4(12.1) 0.003

Congestive heart failure 47 (8.4) 10 (5.2)" 30 (12.9)1 3(2.9) 4 (12.1) 0.004

Peripheral vascular disease 34 (6.0) 14 (7.2) 16 (6.9) 4 (3.9) 0(0.0) 0.292

Cerebrovascular disease or ischaemic stroke 22 (3.9) 7 (3.6) 11 (4.7) 4 (3.9) 0(0.0) 0.612

Diabetes mellitus b4 (11.4) 18 (9.3) 31 (13.4) 9 (8.7) 6(18.2) 0.264

Solid or malignant tumours 30 (5.3) 10 (5.2) 17 (7.3) 2(1.9) 1(3.0) 0.210

Parkinson’s disease 9 (1.6) 3(1.5) 4(1.7) 2 (1.9) 0(0.0) 0.888

Data are presented as n, mean#sp or n (%), unless otherwise stated. Missing variables were present for pack-years (24.2%) and St George's
Respiratory Questionnaire (SGRQ) (34.5%). COPD: chronic obstructive pulmonary disease; GOLD: Global Initiative for Chronic Obstructive Lung
Disease; FEV1: forced expiratory volume in 1 s; FVC: forced vital capacity; BMI: body mass index; GDS: Geriatric Depression Scale; 6MWT:
6-min walk test. #: comparisons between patients with COPD in GOLD grades I-IV; T: p<0.05 versus GOLD IlI; *: p<0.05 versus GOLD II;

8. p<0.05 versus GOLD IV.

ERJ Open Res 2016; 2: 00054-2016

Cognitive functioning and sleep disturbances

Sleep disturbances were equally distributed across GOLD stages, and our a priori hypothesis that copying
ability is associated with sleep disturbances in patients with COPD was confirmed for patients in GOLD I:
patients with sleep disturbances overall had worse performance compared to those without sleep
disturbances. A trend towards worse copying ability in the total COPD group with sleep disturbances
overall compared to those without was also observed, suggesting that these patients are more prone to
impairments in executive and visuospatial functions. In addition, GOLD I patients with difficulties falling
asleep and nocturnal awakenings had worse copying ability. The fact that we disclosed an association
between copying ability and sleep disturbances only in mild COPD suggests that factors different from
those contributing to GOLD grading account for impairments of sleep and cognition. Indeed, MMSE and
EPESE total scores were not correlated in the total COPD group.

Cognitive functioning and disease severity

A link between COPD severity and copying function, orientation and language was disclosed, but not on
the remaining components of the MMSE. This information is important since higher level cognitive
functions may have adverse effects on therapy [20]. Some large-scale studies did find a significant, albeit
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TABLE 2 Nocturnal symptoms, early morning symptoms, sleep disturbances and cognitive functioning in the study population

COPD GOLD | GOLD I GOLD Il GOLD IV p-value®
Subjects n 562 194 232 103 33
Nocturnal symptoms
IUATLD shortness of breath 100 (17.8) 10 (5.2)1+8 39 (16.8)%  31(30.1%5 20 (60.6) <0.001
IUATLD coughing 203 (36.1) 39 (20.1)7+8 80 (34.5)*8 60 (58.3) 24 (72.7) <0.001
Early morning symptoms
Coughing 232 (413)  35(18.01*¢  91(39.2)*8 76 (73.8)% 30 (90.9) <0.001
Expectoration 264 (47.00 37 (19.0)"+8 112 (48.3)*¢ 88 (85.4] 27 (81.8) <0.001
Sleep disturbances
EPESE points 4.2t4 .4 4.5£4.5 YA 3.7+4.1 5.1+4.6 0.257
EPESE >8 175 (31.1) 64 (33.0) 70 (30.2) 29 (28.2) 12 (36.4) 0.739
EPESE difficulty falling asleep 97 (17.3) 38 (19.6) 31 (13.4) 23 (22.3) 5(15.2) 0.160
EPESE nocturnal awakenings 171 (30.4) 64 (33.0) 68 (29.3) 31 (30.1) 8 (24.2) 0.720
EPESE morning tiredness 38 (6.8) 29 (14.9) 38 (16.4) 19 (18.4) 8 (24.2) 0.569
EPESE early awakenings 94 (16.7) 14 (7.2) 213 (5.6) 9 (8.7) 2 (6.1) 0.748
Cognitive functioning
Age and education adjusted MMSE 28.4%3.7 28.9+2.9 28.4+4.0 27.7+4.6 28.6%3.1 0.064
MMSE <24 142 (25.3) 39 (20.1) 68 (29.3) 24 (23.3) 11 (33.3) 0.107
MMSE orientation percentage correct 0.93+0.1 0.96+0.091 0.92+0.16 0.92+0.15 0.93+0.14 0.014
MMSE memory percentage correct 0.86+0.2 0.87+0.17 0.86+0.18 0.83+0.20 0.85+0.18 0.228
MMSE attention and calculation percentage correct 0.760.3 0.78+0.31 0.75+0.34 0.72+0.36 0.79+0.30 0.462
MMSE language percentage correct 0.91+0.1 0.95+0.107+ 0.91+0.14 0.88+0.19 0.91+0.12 0.001
MMSE design copying failed 178 (33.3) 48 (25.3)* 76 (34.5) 41 (43.6) 13 (43.3) 0.001

Data are presented as n, meanzsp or n (%), unless otherwise stated. COPD: chronic obstructive pulmonary disease; GOLD: Global Initiative for
Chronic Obstructive Lung Disease; IUATLD: International Union against Tuberculosis and Lung Disease Bronchial Symptoms questionnaire;
EPESE: Established Populations for Epidemiologic Studies of the Elderly questionnaire; MMSE: Mini-Mental State Examination. #. comparisons
between patients with COPD GOLD grade I-IV; T: p<0.05 versus GOLD II; *: p<0.05 versus GOLD III; 8: p<0.05 versus GOLD IV.

weak, association between cognitive functioning and lung function [21, 22]. Tt is possible that this
relationship becomes evident after the onset of hypoxaemia or consequent hypoxia [23]. Hypoxaemia
increases with disease severity, with >80% of patients with advanced disease using some form of oxygen
therapy [24]. Since we included ambulatory patients with mostly mild-to-moderate COPD, hypoxia might
not be highly prevalent in this study population. Yet, depression predates the onset of cognitive
impairment [25], and depressive symptoms, measured using the GDS, were increased in GOLD III and IV
compared to GOLD I and II. In addition, disease-specific health status, which has been shown to be
associated with depressive symptoms [26], was worse for GOLD II-IV compared to patients in GOLD L
Moreover, a higher prevalence of myocardial infarction and congestive heart failure was found in GOLD II
patients. Even though these comorbidities, as well as health status, are known to have a close association
with both cognitive impairment and sleep disturbances [27], the prevalence of global cognitive impairment
and sleep disturbances was comparable across all GOLD grades.

Until now, apart from the MMSE total score, no norm scores are available for specific MMSE cognitive
function scores. Moreover, the copy function item of the MMSE is a pass or fail item and the clinical
significance of its findings have to be further investigated. Nevertheless, the finding of a decrease in
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copying ability from GOLD I to III seems biologically plausible, because defective design copying qualified
as a marker of COPD severity and a prognostic marker [8, 28]. Moreover, in the general population,
impairments in copying designs have been found to identify drivers more likely to cause a car accident or
to adapt their driving by avoiding peak times and keeping to familiar areas [29, 30]. This is not surprising,
since the the design copying function reflects both executive and visuospatial functions [8].

Nocturnal symptoms and sleep disturbances are suggested to be the effects of COPD-related symptoms [31],
and recent literature shows that nocturnal symptoms have a distinctive distribution with regard to COPD
severity [32]. In line with this study, we found that early morning and nocturnal symptoms, but not sleep
disturbances, were associated with COPD severity. Therefore, sleep disturbances might reflect a common
symptom of the disease which cannot be entirely captured by COPD severity. Indeed, sleep disturbances are
reported frequently in this population and might influence cognitive functioning.

Methodological considerations

A strength of the study is that data from individual centres were collected prospectively by a coordinating
centre and the study population thus reflects an unselected cohort of COPD patients. However, this study
was cross-sectional in design, and therefore is limited to draw valid conclusions as to causality and the
strength of the association between COPD severity, sleep disturbances and cognitive functioning. Another
limitation is that no post-bronchodilator spirometry was included, which is a prerequisite for the
definition of airflow limitation that is not fully reversible. Additionally, no data were available regarding
medication use. Not only may the use of pulmonary medication (e.g. (oral) corticosteroids, B,-agonists,
anticholinergics and theophylline) and nonpulmonary medication (e.g anticonvulsants, analgesics,
antidepressants, B-adrenergic blockers, diuretics and thyroid preparations) may promote sleep
disturbances, but so may the discontinuation of these medications [33]. Moreover, no data of elderly
patients without COPD were included and the prevalence of sleep disturbance and cognitive impairment
in normal elderly patients should be investigated. Administration of the MMSE was not only performed in
a patient subset selected for a specific intervention, but as part of routine clinical work-up. Indication bias
therefore can be excluded. Yet, elderly ambulatory patients from geriatric institutions with only a small
minority of COPD patients in GOLD IV who were not likely to have hypoxia were included, so
conclusions should be generalised with some caution. Moreover, we have no information about obstructive
sleep apnoea syndrome, which may be a confounder in the association between sleep disturbances and
cognitive deficits [34]. Furthermore, cognitive assessment was based upon a screening instrument, which is
less sensitive than a detailed neuropsychological testing battery. Finally, the IUATLD questionnaire does
not provide grading of nocturnal symptoms, and qualitative characteristics of sleep disturbances were
studied. Objective polysomnographic data should confirm our findings.

Conclusions

Sleep disturbances seem to be a weak correlate of cognitive performance in patients with COPD; nor are they
a marker of severity of COPD. Longitudinal studies including hypoxaemic patients and using a detailed
neuropsychological testing battery in combination with polysomnography are needed to confirm our results.
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