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Abstract

The aim of this study was to evaluate the clinical effects of cognitive impairment in patients with chronic
obstructive pulmonary disease (COPD). A total of 91 patients with stable moderate to very severe COPD
were included in this study. Cognitive functions of the patients were evaluated using the mini-mental state
examination (MMSE) tool and clock-drawing test. The Brody’s Instrumental Activities of Daily Living (IADL)
Questionnaire; COPD assessment test (CAT); body mass index, airflow obstruction, dyspnea, and exercise
capacity (BODE); and Charlson comorbidity index were assessed. The patients were divided into two groups
as those who were diagnosed with cognitive impairment (group |, n = 16) and those with normal cognitive
functions (group 2, n = 75). Group | had a lower arterial partial pressure of oxygen , shorter 6-min walking
distance, and higher arterial partial pressure of carbon dioxide (PaCO,) than group 2 (p =0.01,p =0.024,p =
0.018, respectively). In group |, the IADL score was lower, and CAT and BODE scores were higher than group
2 (p = 0.002, p = 0.037, p = 0.012, respectively). When we considered all the patients, there was an
independent correlation between the |IADL score and MMSE score (p = 0.03). This study revealed that
COPD patients with cognitive impairment may have more hypoxemia and limited activities of daily living.
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healthy controls.** Previous studies demonstrated a
relationship between COPD and cognitive impair-
ment>® and also in a recent study reporting that
COPD is an independent risk factor for cognitive
impairment.” Age, education, physical activity, sleep,
smoking, and fatigue are determinant factors of cog-
nitive functions for both general population and
COPD patients. However, conditions like smoking,
age, and degradation in physical activity may contrib-
ute more to cognitive impairment in COPD patients
than healthy population. Additionally, advancing air-
flow limitation, hypoxemia, hypercapnia, and exacer-
bations may induce further cognitive impairment in
COPD patients.® However, the effects of cognitive
dysfunction on COPD have been examined only in a
limited number of studies in the literature and demon-
strated controversial results.>* Cognitive impairment
is known to be associated with incorrect use of
inhaled drugs and poor adherence to medications,
which can adversely affect the management of
COPD.’ Therefore, we suggest that there is a need for
further studies which investigate the effect of cogni-
tive impairment on the clinical presentation, course,
and outcome of COPD.

Patients and methods

This study included a total of 91 consecutive patients
with moderate to very severe COPD who were admit-
ted to our outpatient clinic and under follow-up at
least for 1 year.

Inclusion criteria were as follows: aged >40 years,
at least 1-year diagnosis of moderate to very severe
COPD according to the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) classification with
baseline post-bronchodilator forced expiratory vol-
ume in 1 s (FEV,) of <80% of predicted value,
FEV,/forced vital capacity ratio of §0.7,lO and >10
pack-year smoking history.

Exclusion criteria were as follows: having COPD
exacerbation within the past 6 weeks prior to enroll-
ment, respiratory disease other than COPD, having
known neurological or psychiatry diseases, taking any
medications which may affect the cognitive tests
(lithium, antihistaminics, sedatives, propranolol, and
erythromycin), and alcohol or substance addiction.

Spirometry was performed using a Sensor Medics
model 2400 (Yorba Linda, California, USA) in accor-
dance with the GOLD guidelines, and COPD was
classified by their predictive FEV, values: stage 2
(moderate; 50% < FEV,; < 80%), stage 3 (severe;

30% < FEV, < 50%), and stage 4 (very severe; FEV
< 30%).'"" All patients were divided into four risk/
symptom categories: (A) low risk, fewer symptoms;
(B) low risk, more symptoms; (C) high risk, fewer
symptoms; and (D) high risk, more symptoms. Based
on this categorization, the cutoff points for risks
(exacerbations in previous year >2 or >1 leading to
hospital admission) and the cutoff points for symp-
toms (COPD assessment test (CAT) scores > 10 and/
or modified Medical Research Council (mMRC) > 2)
were chosen according to the GOLD 2017
classification.'’

Arterial blood gas analysis was performed for each
patient using a PAPIDLab 348EX system (Siemens
Healthcare Diagnostic) while breathing at room air. The
6MWT is a self-paced test of walking capacity. The six
minute walk test (6MWT) is a sub-maximal exercise test
used to assess aerobic capacity and endurance. Patients
are asked to walk as far as possible in 6 minutes along a
flat corridor. The distance in metres is recorded
(6MWD). Standardised instructions and encouragement
are commonly given during the test. The 6MWT was
performed twice for each patient and the best measure-
ment was recorded.'?

The body mass index (BMI), airflow obstruction,
dyspnea, and exercise capacity (BODE) score was
determined by the BMI, airflow obstruction (FEV)),
grade of dyspnea (mMRC), and exercise capacity as
measured 6-min walking distance (6MWD) for all
patients. Each component is assigned a specific score
and the total score (BODE index) ranges from 0 to 10
points. Higher scores indicate higher severity of
disease."?

The Charlson comorbidity index (CCI) is a method
of categorizing comorbidities of patients and it has
been widely utilized by health researchers to measure
burden of disease. Each comorbidity category has an
associated weight from 1 to 6, based on the adjusted
risk of mortality or resource use and a score of zero
indicates that no comorbidities were found. The CCI
was calculated in a standard way for each patient.'*

Cognitive dysfunction was evaluated using two
validated psychometric questionnaires: the mini-
mental state examination (MMSE), which assesses
orientation, recall and language, short-term memory,
attention, and calculation (normal score >24)">'¢; and
the clock-drawing test (CDT), which assesses mem-
ory, attention, and symbolic representation (normal
score >3).'7!® The patients were divided into two
groups as those who were diagnosed with cognitive
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impairment, defined as an MMSE score of <24
(group 1) and those who were diagnosed with normal
cognitive functions, defined as an MMSE score of
>24 (group 2). The Beck Depression Inventory (BDI)
is a valid and reliable scale developed to determine
the risk of depression and severity of depressive
symptoms. Depression was defined as a BDI score
of >17."

Disability was assessed using the Instrumental
Activities of Daily Living (IADL) Questionnaire,
which is defined as a self-reported difficulty or inabil-
ity to perform any of the followings: heavy house-
work, light housework, shopping, preparing meals,
paying bills, or using the phone. It has a scoring rang-
ing from 0 to 24 points. The test results are evaluated
as 0-8 points: dependency, 9—-16 points: semi-
dependency, and 17-24 points: independency.’

An informed consent was taken from each patient.
The study protocol was approved by the Ethics Com-
mittee of Yedikule Chest Diseases and Thoracic Sur-
gery Training and Research Hospital.

Statistical analysis

Statistical analysis was performed using the IBM
SPSS version 23 software (SPSS Inc., Chicago, Illi-
nois, USA). Program descriptive data were expressed
in number and percentage for categorical variables
and in mean and standard deviation for continuous
numerical variables. Independent 7-test was used to
analyze the significant differences between the cate-
gorical variables having two groups, whereas one-
way analysis of variance was used to examine the
significant differences between the categorical vari-
ables having more than two groups. The ¥ test was
used to analyze the correlation between the two cate-
gorical variables, while the Pearson correlation coef-
ficients were used to analyze the correlation between
the two numerical variables. Multiple linear regres-
sion analysis was performed to investigate the effect
of the independent variables (6MWD, BODE score,
IADL score, arterial partial pressure of oxygen
(Pa0O,)) on the dependent variable (MMSE). A p
value of < 0.05 was considered statistically
significant.

Results

A total of 91 consecutive and stable COPD patients
were included. Of these patients, 86 (94.5%) were
males. The mean age was 61.9 + 7.9 years. Demo-
graphic and clinical characteristics of all the patients

Table |. Demographic and clinical features of patients with
COPD.

n (%)

Patients 91 (100)
Male/female 86 (94.5)/5 (5.5)
Educated/uneducated 79 (86.8)/12 (13.2)
Exacerbations

Frequent (>2 years) 18 (%19.8)

Unfrequent (<2 years) 73 (%80.2)

Mean 4+ SD

Age (years; SD) 619 +79
BMI 249 4+ 45
6MWD (m) 346.1 + 1129
FEV,% predicted 440 + 14.1
mMRC 1.6 + 1.1
BODE score 32 + 25
PaO, (mmHg) 746 + 173
PaCO, (mmHg) 40.3 + 6.5
CAT score 13.5 + 84
Cdl 28 + 0.8
MMSE score 268 + 2.5
CDT score 414 + 1.3
BODE index 8.1 + 89
IADL score 21.6 + 3.5

COPD: chronic obstructive pulmonary disease; MMSE: mini-
mental state examination; mMMRC: modified Medical Research
Council; CAT: COPD assessment test; 6MWD: 6-min walk dis-
tance; BMI: body mass index; BODE: BMI, obstruction, dyspnea,
and exercise capacity; FEV,: forced expiratory volume in | s;
IADL: Instrumental Activities of Daily Living; PaO;: arterial partial
pressure of oxygen; PaCO,: arterial partial pressure of carbon
dioxide; CCI: Charlson comorbidity index; CDT: clock-drawing
test; SD: standard deviation.

are given in Table 1. Three patients with exacerbation
history within the last 6 weeks, one patient with alco-
hol abuse, and two patients with neuropsychiatric dis-
ease were excluded from the study.

The severity of the disease was classified using the
predictive FEV % values as follows: stage 2 (n = 33,
36.3%), stage 3 (n = 42, 46.2%), and stage 4 (n = 16,
17.6%). According to the GOLD 2017 classification,
20 patients (22%) were in category A, 13 (14.3%) in
category B, 12 (13.2%) in category C, and 46 (50.5%)
in category D.

Group 1 consisted of a total of 16 patients (17.6%)
with cognitive impairment according to the MMSE
scoring, whereas group 2 consisted of a total of 75
patients (82.4%) with normal cognitive functions. A
comparison of the clinical and laboratory variables of
groups 1 and 2 is shown in Table 2.

Patients were grouped according to sex, exacerba-
tion status (exacerbations in previous year >2 or >1
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Table 2. Comparison of clinical parameters between groups | and 2.

Group | (n = 16) Group 2 (n =75)

Mean SD Mean SD t b
Age (years) 62.38 7.957 61.8 7.939 0.263 0.793
Smoking (pack/years) 50.19 34.233 53.91 28.07 —0.463 0.645
BMI 23.13 4.193 25.23 4.498 —1.716 0.09
FEV,% predicted 39.29 13.897 45.02 14.059 —1.483 0.142
mMRC 2.06 1.526 .53 1.057 1.672 0.098
6MWD (m) 285.94 136.921 358.89 103.696 —2.408 0.018*
BODE score 4.63 2.872 291 2.349 2.552 0.012%
PaO, (mmHg) 64.63 10.184 76.77 17.762 —2.635 0.010%
PaCO, (mmHg) 43.63 6.003 39.6 6418 2.299 0.024°
CAT score 17.5 11.402 12.69 7442 2.117 0.037%
Ccl 2.75 0.683 2.83 0.86 —0.334 0.739
IADL score 19.19 3.936 22.13 3.138 —3.255 0.002°
BDI 11.38 11.983 741 8.091 1.622 0.108

Group |: patients with cognitive impairment; Group 2: patients with normal cognitive function; FEV,: forced expiratory volume in | s;
mMRC: modified Medical Research Council; 6MWD: 6-min walk distance; BMI: body mass index; BODE: BMI, obstruction, dyspnea, and
exercise capacity; PaO;: arterial partial pressure of oxygen; PaCO,: arterial partial pressure of carbon dioxide; CAT: chronic obstruc-
tive pulmonary disease assessment test; CCl: Charlson comorbidity index; IADL: Instrumental Activities of Daily Living; BDI: Beck
Depression Inventory; SD: standard deviation.

p < 0.05.

®p < 0.01.

Table 3. Comparison of clinical features between groups | and 2.

Group | (n = 16) Group 2 (n = 75) Total
n % n % n % p

Gender Female 3 18.8 2 27 5 5.5 0.036°
Male 13 81.3 73 97.3 86 94.5

GOLD, stage (FEV)) 2 (50-80%) 3 18.8 30 40.0 33 36.3 0.262
3 (30-50%) 9 56.3 33 44.0 42 46.2
4 (<30%) 4 25.0 12 16.0 6 17.6

Exacerbations Frequent 6 375 12 16.0 18 19.8 0.079
Unfrequent 10 62.5 63 84.0 73 80.2

CAT <I0 5 15.2 28 848 33 100.0 0.646
>10 I 19.0 47 81.0 58 100.0

mMRC <2 7 438 48 64.0 55 604  0.133
>2 9 56.3 27 36.0 36 39.6

BDI Depressive 4 25.0 10 13.3 14 154 0260
Normal 12 75.0 65 86.7 77 84.6

IADL Semi-dependent 5 313 5 6.7 10 11.0 0.013°
Independent I 68.8 70 933 8l 89.0

Group |: patients with cognitive impairment; Group 2: patients with normal cognitive function; GOLD: Global Initiative for Chronic
Obstructive Pulmonary Disease; FEV: forced expiratory volume in | s; CAT: chronic obstructive pulmonary disease assessment test;
mMRC: modified Medical Research Council; BDI: Beck Depression Inventory; IADL: Instrumental Activities of Daily Living.

a

b < 0.05.

leading to hospital admission was determined fre- breathlessness and >2: more breathlessness), BDI
quent exacerbator group), CAT score (the equivalent score (>17 points was defined depression), and
cut point is 10 for CAT score), mMRC score (<2: less TADL score (0—8 points: dependency; 9—-16 points:
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Table 4. Correlation between scores of cognitive function
tests and clinical parameters.

MMSE score CDT
mMRC r —0.157 —0.100
p 0.137 0.343
CAT score r —0.155 0.017
p 0.143 0.874
6MWD (m) r 0.294° 0.258°
p 0.005* 0.014°
BODE score r —0.266° —0.175
p 0.011° 0.097
FEV,, % predicted r 0.183 0.140
p 0.082 0.185
IADL score r 0.354* 0.390°
p 0.0017 0.000°
PaO, (mmHg) r 0.231° 0.113
p 0.028° 0.291
PaCO, (mmHg) r —0.172 —0.117
p 0.104 0.270

MMSE: mini-mental state examination; mMRC: modified Medical
Research Council; CAT: chronic obstructive pulmonary disease
assessment test; 6MWD: 6-min walk distance; BMI: body mass
index; BODE: BMI, obstruction, dyspnea, and exercise capacity;
FEV,: forced expiratory volume in | s; IADL: Instrumental Activ-
ities of Daily Living; PaO,: arterial partial pressure of oxygen;
PaCO,: arterial partial pressure of carbon dioxide; CDT: clock-
drawing test.

*p < 0.01.

®p < 0.05.

‘p < 0.001.

semi-dependency; and 17-24 points: independency).
Groups 1 and 2 were evaluated comparatively by con-
sidering this classification. The number of female
patients (p = 0.036) and also semi-dependent patients
(p = 0.013) were significantly more in group 1 than
group 2. There was no statistically significant differ-
ence between the groups regarding other parameters
(Table 3).

The correlation between cognitive test scores
(MMSE and CDT) and clinical variables was evalu-
ated using the Pearson correlation analysis. Poorer
performance on the MMSE was associated with lower
Pa0O,, 6MWD, IADL score, and higher BODE score;
however, CDT scores were correlated only with the
6MWD and IADL scores (Table 4).

While weak correlation between MMSE score and
Pa02, 6MWD, and BODE was determined, correla-
tion between MMSE score and IADL was moderate.
The correlation between MMSE score and PaO2,
6MWD, IADL, and BODE score was shown in Figure
1. We found independent association only between
the IADL score and MMSE score in multivariate

regression analysis. Accordingly, MMSE scores
increased by 0.279 units with every unit increase in
IADL (p = 0.03; Table 5).

Discussion

In recent years, COPD has been considered as a dis-
ease not limited only to the lungs but as a complex
condition with various systemic components.?! Neu-
ropsychiatric disorders, particularly depression, anxi-
ety, and cognitive dysfunction, are a substantial
contributor to COPD-related health.>*** The inci-
dence of cognitive impairment varies from 10% to
61% in COPD patients, based on the study population
and neuropsychological assessment.?>** In the pres-
ent study, we found cognitive impairment in 17.6% of
the patients with COPD, as assessed using MMSE.
The MMSE is an adequate and useful test for the
global evaluation of cognitive functions. In a recent
study, each test was performed separately for the eva-
luation of cognitive functions in COPD patients
(MMSE, trail making A and B, CDT, forward and
backward digit span tests, Brown—Peterson test, and
verbal fluency test) and only MMSE was found to be
correlated with all clinical COPD variables.?® Aiming
to evaluate relationship between clinical characteris-
tics of COPD patients and their global cognitive func-
tions, we decided to utilize MMSE.

Although a number of studies have shown a clear
association between hypoxemia and poor cognitive
performance, there are controversial results on
whether patients with early disease or mild hypoxe-
mia have significantly impaired cognitive func-
tions.®*?° A study conducted using the single-photon
emission computed tomography with Tc-99m hexam-
ethylpropyleneamine oxime (HMPAQ) supported the
hypothesis that cerebral perfusion was significantly
altered in patients with COPD and hypoxemic
patients showed more impairment in cerebral perfu-
sion and cognitive performance than non-hypoxemic
patients.”” In our study, we demonstrated that PaO,
was lower in the patients with cognitive impairment
and also indicating a correlation between PaO, level
and MMSE score.

Our study showed that arterial partial pressure of
carbon dioxide (PaCO,) levels were higher in the
patients with cognitive impairment, indicating a neg-
ative correlation between MMSE scores and PaCO,.
Similarly, previous studies reported that as PaCO,
increased, the cognitive function became more
impaired.®*® In addition, Parekh et al.*” demonstrated
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Figure |. Relationship between MMSE score and PaO,, IADL score, (MWD, and BODE score (Pearson correlations). (a)
The MMSE score was correlated with the PaO, (r = 0.23, p = 0.02). (b) The MMSE score was correlated with the IADL
score (r = 0.35, p = 0.001). (c) The MMSE score was correlated with the 6MWD (r = 0.29, p = 0.005). (d) The MMSE
score was correlated with the BODE score (r = —0.26, p = 0.01). MMSE: mini-mental state examination; PaO,: arterial
partial pressure of oxygen; 6MWD: 6-min walk distance; BMI: body mass index; IADL: Instrumental Activities of Daily
Living; BODE: BMI, airflow obstruction, dyspnea, and exercise capacity.

Table 5. Multivariate regression analysis between MMSE score and clinical parameters.

Unstandardized coefficients Standardized coefficients

B Standard error Beta t p
Fixed 19.868 2810 7.072 0.000*
6MWD (m) 0.002 0.004 0.109 0.638 0.525
BODE score 0.039 0.175 0.040 0.225 0.822
IADL score 0.200 0.090 0.279 2214 0.030°
PaO2 (mmHg) 0.022 0.015 0.153 1.445 0.152

Model coefficients: R% 0.152 Adj. R 0.112 F = 3.812 p = 0.007

MMSE: mini-mental state examination; 6MWD: 6-min walk distance; BMI: body mass index; BODE: BMI, obstruction, dyspnea, and
exercise capacity; IADL: Instrumental Activities of Daily Living; PaO;: arterial partial pressure of oxygen.

*p < 0.001.

®p < 0.05.

that lower PaCO, levels were significantly correlated The relationship between cognitive dysfunction
with improved cognitive performance in patients who and the severity of airway obstruction still remains
were in the waiting list for lung transplantation. to be elucidated.>** Several studies showed that
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reduced FEV, level was related to poor cognitive
functions.®>° Li et al. found that global cognitive
function was worse in severe COPD patients, com-
pared to mild to moderate COPD patients.” On the
other hand, some authors did not demonstrate any
relationship of pulmonary function with cognitive
impairment in COPD.*?® Similarly, we found no rela-
tionship between FEV values and cognitive function.
This result may suggest FEV, is poor relevant marker
of cognitive status in COPD patients and airflow lim-
itation don’t reflect the multisystem nature of the
disease.

To the best of our knowledge, there is only one
study investigating the relationship of the cognitive
functions with the BODE index in COPD. Thakur
et al. found no relationship between the cognitive
functions and the BODE score.> However, in our
study, the BODE index was found to be higher in the
patients with cognitive impairment. In addition, we
showed that there was a negative correlation between
the MMSE score and BODE index. In addition, we
found that 6MWD which has a prognostic value in
patients with COPD was shorter in patients with cog-
nitive impairment.

Tulek et al. investigated the relationship of cogni-
tive impairment with disease control; no correlation
was found between the total cognitive score and the
CAT score.”® Similarly, we did not find any correla-
tion between cognitive score and CAT score. How-
ever, in our study, CAT score was higher in patients
with cognitive impairment. In addition, we didn’t
show any relationship between cognitive state and
mMRC, consistent with the literature findings.?

The previous studies reported impaired cognitive
functions during exacerbation of COPD and the
impairment recovered within 6 months after dis-
charge.*'? Dodd et al. showed that the cognitive
functions of patients with COPD were significantly
worse during exacerbation, and these patients did not
recover 3 months after discharge.’> Another study
reported that more frequent and more serious cogni-
tive impairment in COPD patients with a history of
frequent exacerbation, compared to those who did
not.?> In consistent with these findings, we found no
correlation between the cognitive state and history of
frequent exacerbation.

The comorbidities associated with COPD, particu-
larly cerebrovascular diseases, are known to have a
possible role in the pathogenesis of cognitive impair-
ment.” However, our study did not show any correla-
tion between cognitive dysfunction and the CCI score.

Similarly, there are studies showing no relationship
between cognitive impairment and cardiovascular/
metabolic comorbidities.®?>

Based on the literature data, cognitive dysfunction
was associated with impaired IADL in COPD
patients, particularly in activity-limited patients who
were dependent on supplemental oxygen.®>* Cogni-
tive dysfunction and IADL limitation often lead to
poor compliance to medications and increase the
necessity of care services in COPD. In addition, IADL
limitations were also shown to be associated with a
high mortality rate in patients with COPD.**>**® Simi-
larly, we demonstrated that the patients with cognitive
impairment had lower IADL scores, indicating the
positive correlation between the MMSE and IADL
scores and it was independent of other factors. To the
best of our knowledge, this study is the first to demon-
strate the independent relationship between the IADL
and MMSE scores in patients with COPD.

Nonetheless, there are some limitations to this
study. First, the study was a cross-sectional study.
Second, the study did not include a control group.
However, many national and international studies
have shown that patients with COPD have a higher
rate of cognitive impairment than healthy controls.” In
addition, a recent study has demonstrated that COPD
is an independent risk factor for cognitive impair-
ment.” Third, the majority of our patients were males,
which can be explained by the fact that the inclusion
was made among patients who visited our clinic con-
secutively and also that the prevalence of COPD in
Turkey is lower among females.’” Because of these
limitations, our results cannot be generalized.

Conclusion

In conclusion, this study revealed that COPD patients
with cognitive impairment were more hypoxemic and
had limited activities of daily living. Based on our
results, regular screening of cognitive functions by
MMSE may be beneficial in selecting the manage-
ment strategies for COPD patients who have limited
activity or hypoxemia. Additional prospective rando-
mized studies are needed to further demonstrate these
benefits.
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