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Background: The aim of this study was to investigate the effects of oxygen and cholinesterase inhibitor (donepezil) therapy
on dementia in patients with age-exacerbated chronic obstructive pulmonary disease (COPD) in China’s north-
western high-altitude area.

Material/Methods: A total of 145 patients with acute exacerbation of COPD admitted to the Gerontology Department of the First
People’s Hospital of Xining City were initially retrospectively screened. From among these 145 patients, we
selected 33 cases with dementia and 33 patients without dementia through use of the Mini-Mental State
Examination (MMSE), the Alzheimer’s Disease Assessment Scale-Cognitive Subscale (ADAS-Cog), and Activities
of Daily Living (ADL) Scale evaluated before, 7 days after, and at the end of the treatment after 3 months. Both
patient groups received oxygen therapy for 7 days, but patients with dementia in the intervention group were
medicated additionally with donepezil (5 mg/day for 1 week, followed by 10 mg/day for another 12 weeks).

Results: Mild dementia was found in 35 of the 145 COPD patients. ADL, MMSE, and ADAS-Cog scores were all signifi-
cantly lower in the intervention group before treatment, improved after the first 7 days, and continued to im-
prove significantly until week 12 in the intervention group, but were still significantly lower than in the control
group.

Conclusions: Dementia in elderly COPD patients was mainly manifested as decreased executive function, attention, language,
and delayed recall, while oxygen and donepezil therapy had beneficial effects on the symptoms.
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Background

Chronic obstructive pulmonary disease (COPD) is characterized
by continuous, incomplete, reversible airflow limitation and is
associated with a chronic inflammatory response to harmful
substances in the airway and lungs. Recent studies have shown
that COPD is not only associated with lung and airway inflam-
mation, but also with significant systemic reaction, especially
in the central nervous system [1], which may be responsible for
the occurrence of pulmonary encephalopathy [2]. In addition,
various studies have found cognitive impairment in COPD pa-
tients [3-5], with an estimated incidence of 10% to 61% [6].
For example, Antonelli Incalzi et al. performed a comparative
study of COPD patients with or without hypoxia and Alzheimer
disease (AD) patients, reporting a correlation between anterior
cerebral hypoperfusion and neuropsychological dysfunctions in
hypoxemic COPD patients [7], and there is evidence that COPD
can cause hypoxemia, which can be exacerbated by concomi-
tant sleep-disordered breathing [8]. Another study has found
an association between COPD and a decrease in cognitive per-
formance at high altitudes [9]. In addition, the COPD mortality
rate rose by 1/100 000 for each 95-meter altitude increase and
was 3-4/10 000 greater at altitudes above 1000 meters com-
pared to 100 meters [10].

Donepezil hydrochloride is the second FDA-approved acetylcho-
linesterase inhibitor with relative specificity, which plays a ther-
apeutic role by enhancing the function of cholinergic nerves and
is used as a cognition-enhancing medication. Several studies
showed that acetylcholinesterase inhibitors can reverse the ef-
fects of hypoxia on cognitive functions [11-13]. Although there
is currently no optimal therapy for cognitive impairment, early
screening, prophylaxis, and treatment have been reported to
be of some value [14]. Therefore, we retrospectively enrolled
COPD patients admitted to the Gerontology Department of our
hospital, which is located at an altitude of 2275 meters above
sea level, between April 2014 and December 2016 (Figure 1).
COPD patients with or without dementia were selected and
we analyzed and compared the risk factors and the effects of
oxygen uptake and drug (donepezil) therapy on cognitive im-
pairment between the 2 groups. We hypothesized that done-
pezil would affect dementia in COPD patients.

Material and Methods

This study was approved by the Ethics Committee of our
hospital. According to the diagnostic criteria of COPD formu-
lated by the Chinese Thoracic Society Chronic Obstructive
Pulmonary Disease group [15], 145 COPD patients admitted
to the Gerontology Department of our hospital between April
2014 and December 2016 were screened. The following data
were collected using a questionnaire: gender, age, level of
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Figure 1. Location of the Xining area from which the COPD
patients were recruited.

education, occupation, marital status, fertility status, body mass
index (BMI), newspaper and telephone use, using the internet,
going outside alone, hypertension, diabetes, length of stay, diet,
history of serious mental illness or surgery, history of stroke or
malignancy, paralysis, smoking history, course of diseases, family
history, medication history, preferred foods, exercise status,
presence and duration of memory complaints, and whether
the information was provided by the patient or a caregiver.

Cognitive impairment was diagnosed according to the criteria
by Albert et al. (2011) [16]. Patients with anxiety and depres-
sion according to the Hamilton Anxiety and Depression Scale
were excluded. Finally, 33 cases with cognitive impairment and
33 patients without cognitive impairment were selected and
evaluated using the Mini-Mental State Examination (MMSE),
ADAS-Cog, and Activities of Daily Living (ADL) scales (Figure 2).

Inclusion criteria

We included patients with acute exacerbation of COPD,
complete clinical data, without mental and psychological
diseases, without serious lesions of major organs, and without
drug dependence. Data on blood gas analysis, pulmonary CT,
electrocardiogram, and lung function were recorded before
the treatments.

Exclusion criteria

We excluded patients who were unable to think clearly or ex-
press themselves, or who had: 1) severe dementia; 2) history
of cerebrovascular disease; 3) central nervous system injury or
brain damage caused by other diseases such as brain tumors
or intracranial infection, or 4) history of CO poisoning or de-
myelinating disease of the central nervous system.
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| 145 COPD patients |

79 patients with depression/anxiety based on HRSD
scaling and other exclusion criteria were excluded
= X

Figure 2. Flow chart of the present study.
HRSD — Hamilton Rating Scale
for Depression; COPD — chronic
obstructive pulmonary disease;
ADL - activities of daily living;

- - Before treatments: ADL,
midcogitempoimene ||~ MHSE ADRS OGscre
9 P evaluations in both groups

33 COPD patients without
cognitive impairment

MMSE — mini-mental state
examination; ASAS-COG — Alzheimer’s

once/ day for 1 month followed by 10 mg oral donepezil once/day.

1
Treatment for both groups: 7 days of oxygen therapy (oxygen flow rate: 1~2 L/min; oxygen
concentration: 24% to 29%; duration: at least 6 to 15 h each day) plus 5 mg oral donepezil

Disease Assessment Scale-Cognitive
Subscale.

Day 7 after treatments initiation:
ADL, MMSE, ADAS-C0G score
evaluations in both groups

v v

Week 12 after treatments initiation:
ADL, MMSE, ADAS-(0G score
evaluations in both groups

Arterial blood gas analysis method and pulmonary
function test

For arterial blood gas analysis, we used the PHOX automatic
blood gas analyzer (NOVA Biomedical, Waltham, MA USA).
Radial arterial blood of patients was drawn to measure oxygen
(Pa02), carbon dioxide (PaC02) pressures, and oxygen satura-
tion (Sa02%). Pulmonary function testing was performed with a
spirometer (SensorMedics, Los Angeles, CA, USA). We used the
flow-volume curve method to determine the maximum forced
expiratory volume in the first second (FEV1) and Forced Vital
Capacity (FVC) tested 3 times in parallel. The tests should have
a deviation of less than 5%. The data in the table indicate FVC
values/normal values x100% and FEV1/FVC x 100%. Normal
ranges for Pa0O2 (1.5-13.5 kPa), PaC0O2 (4.5-6 kPa) and Sa02
(95-97%) are 20% lower in Xining.

Intervention methods and evaluation of therapeutic effect

In addition to anti-inflammatory and cough-suppressant drug
treatment, patients in the 2 groups were given 7 days of ox-
ygen therapy (general oxygen flow rate: 1-2 L/min; oxygen
concentration: 24-29%; duration: at least 6-15 h each day).
Intervention patients with dementia also received oral done-
pezil 5 mg/day for 7 days, which was increased to 10 mg/d for
another 12 weeks. Therapeutic effects were evaluated using
the MMSE, ADL, and ADAS-Cog scales before, 7 days after
treatment initiation, and after another 12 weeks of treatment.

Assessment scales

The Hamilton Rating Scale for Depression (HRSD), first com-
piled by Hamilton in 1960, is the most widely used rating scale
for depression. We used the 24-item version, in which a score
of >20 means that the patient “may have depression (mild or
moderate)”, while a score of <8 refers to normal. According to
the data provided by the China Scale Collaboration Group, a

score of 29, >21, >14, >7, and <7 points refer to possible se-
rious anxiety, obvious anxiety, anxiety, possible anxiety, and
no anxiety, respectively.

We used the Chinese version of the 20-item Activities of Daily
Living scale (ADL) by Lawton and Brody [17], which has 2 parts:
One is the physical Self-Maintenance Scale, which includes
using the toilet, feeding, dressing, grooming, physical ambu-
lation, and bathing. The other is the Instrumental Activities
of Daily Living Scale, which includes using the telephone,
shopping, preparing food, doing housework, washing laundry,
using transportation, taking medicine, and handling finances.
For each item, 1, 2, 3, and 4 points are given for being able to
do it alone without difficulty, with some difficulty, with help,
and not being able to do it, respectively. A total score of 20
points means ‘completely normal,” while a score of >23 points
refers to various levels of functional decline.

The Mini-Mental State Examination (MMSE) scale, first pub-
lished by Folstein in 1975 [18], was used in the evaluation
of space and time orientation, attention, computing power,
memory, and language ability, with a maximum full score of 30
points, and a higher score indicating better cognitive function.
The MMSE is the most widely used tool for cognitive evaluation,
with advantages of simplicity and good sensitivity, which can
be used in epidemiological surveys or for determining the se-
verity of cognitive function decline. The scores for cognitive
impairments were severe (less than 9), moderate (10-18), mild
(19-23) and no impairment (24 and above) [19].

A modified Alzheimer’s Disease Assessment Scale-Cognitive
Subscale (ADAS-Cog) was used to evaluate cognitive
impairments. The maximum score is 85, with higher scores
indicating greater dysfunction, with a score of 26-30 indicating
mild cognitive impairment, >30-35 indicating mild AD, 35-39
indicating moderate AD, and 40-45 indicating severe AD [20].
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Table 1. Baseline characteristics of COPD patients in the 2 groups.

Control group

(33 cases)
Male 24

Gender
Female 9
<75 15

Age
>75 18
Illiteracy 9
Primary 10

Level of education -
Middle/high school 10
College degree or above 4
~10 years 12
Course of disease ~15 years 18
More than 20 years 3

CLINICAL RESEARCH

Intervention group

2 -
(33 cases) t/x P-value

0.253 0.553

Statistical analysis

All analyses were performed with SPSS Statistics for Windows
(Version 17.0. Chicago; SPSS Inc.). The chi-square test was used
for comparison of numerical data. The data are displayed as
x%SD and the independent-samples t test was used for their
comparison. A paired t test was used for comparing the data
collected 7 days after admission with data collected 12 weeks
after discharge. A result of P<0.05 was considered to be sta-
tistically significant.

Sample size calculation

We anticipated that the score change of MMSE from base-
line is 5.5+3.0 after 12 weeks of intervention, and the score
change of MMSE from baseline is 3+3.0 in the control group.
With a P-value of 0.05, a test power of 90% and anticipating
losses of 10% in follow-ups, we established a target sample
size of 34 participants in each group.

Results

Baseline characteristics

Cognitive impairment was found in 35 of the 145 enrolled pa-
tients, and 33 COPD patients without cognitive impairment
were selected as the control group. During the trial, 1 patient
withdrew from the study and 1 patient died in the intervention
group, so a total of 66 patients were followed up (Figure 2).

There were 24 males and 9 females in the control group, with
an average age of 70.6 years, while there were 17 males and
16 females in the intervention group, with an average age

of 78.1 years. There was no significant difference in gender,
age, course of disease, and level of education between the
2 groups (Table 1).

Data about arterial blood gas and pulmonary function were de-
rived at baseline as well as 1 week and 2 weeks after treatment
initiation during the hospital stay (Table 2). All parameters other
than FEV1% were comparable between the 2 groups at baseline.

MMSE, ADAS-Cog scale, and ADL scores for COPD patients
in the 2 groups

Significant differences were found between the 2 groups in all
items of the ADL scale (P<0.001), except for taking medicine
(P=0.354), putting on and taking off clothes (P=0.507), combing
and brushing hair (P=0.265), walking on a flat interior floor
(P=0.153), using the telephone (P=0.911) and handling finances
(P=0.658) (Tables 3, 4).

There were also significant differences in MMSE scores between
the 2 groups (P<0.001), and cognitive impairment in the inter-
vention group was mainly manifested as impairment of ori-
entation (P<0.001), attention (P<0.001, computational power
(P<0.001), recall (P<0.001), and language abilities (P<0.001)
(Tables 5, 6).

ADAS-Cog scales also showed significant differences between
the 2 groups (P<0.001) in all tested items (P<0.001) (Table 7).

Assessment of therapeutic effect
After oxygen and drug (donepezil) therapy, ADL scores im-

proved significantly in the intervention group between day
7 days and week 12 of the intervention, and there was no
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Table 2. Arterial blood gas and pulmonary function comparisons of the control and intervention groups (mean +SD).

Control group

Baseline

Intervention group P-value

Sa02 (%)

90.1245.67 ***

91.22+5.02 ***

FVC%=FVC values/normal values x100%; FEV1%=FEV1/FVC x100%. PaO2 — alveolar oxygen partial pressure; PaCO2 — arterial partial
pressure of carbon dioxide; FVC — forced vital capacity; FEV1 — forced expiratory volume in one second; Sa02: arterial oxygen
saturation; ** P<0.01 compared to the baseline; *** P<0.001 compared to the baseline.

Table 3. Comparison of ADL scores between intervention and control groups before treatments (mean +SD).

n ADL score t P-value
Intervention group 33 35.24+2.75
———————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 21.470 <0.001
Control group 33 28.36+2.08
significant difference in ADL scores between the intervention Discussion

and the control group at 12 weeks after treatment initiation
(P=0.247). MMSE and ADAS-Cog scores significantly improved
in the intervention group after 12 weeks, but were still inferior
to the control group (P=0.003), (P=0.002) (Table 8).

Adverse effects

Donepezil adverse effects were mild diarrhea in 4 patients,
dizziness in 2 patients, and anorexia in 1 patient.

A study of global disease burden predicted that by 2020, COPD
would be the third leading cause of disease death in the world,
and the World Bank and Health Organization forecast at a large
epidemiological statistical meeting that by 2020, COPD would
rank fifth in global disease burden [21,22].

Severe cognitive dysfunction often occurs in COPD patients,
manifested by decreased alertness, delayed reaction time, and
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Table 4. ADL assessment of patients in the 2 groups according to Lawton and Brody before treatments (mean +SD).

Intervention group Control group

(n=33) (n=33) t P-value

Items

Taking a bus 3.03+£0.78 2.03£0.68 5.551 <0.001

Staying at home alone 3.92+0.73 3.12+0.59 4.896 <0.001

Table 5. Comparison of MMSE scores between intervention and control groups before treatments (mean +SD).

n MMSE score t P-value
Intervention group 33 16.67+1.44
*************************************************************************************** 25.361 <0.001
Control group 33 24.36+0.98

Table 6. MMSE assessment for patients in the 2 groups before treatments (mean +SD).

Intervention group Control group
(GEEE))] (n=33)

Orientation 7.40+0.38 8.43+0.46 9.917 <0.001
CMemoy 2001046 2961072 64ss <0001
 Attention and computational power ses061 a78:075 653 <0001
CReaallabity 230059 2961076 3702 <0001
languageabitty 636:063 8761058 - 16100 <0001
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Table 7. Comparison of ADAS-Cog score between intervention and control groups before treatments (mean +SD).

ADAS-Cog score
Intervention group (n=33) Control group (n=33)
Iltems 33.03+5.75 17.7614.64 <0.001
""""" Word memory  546:048 323021 <0001
""""" Naming 3981042 262:032 <0001
""""" Instructions ~~~~ 298:046 248s064 <0001
""""" Structural practice ~~~~~~ 269¢057  198:041 <0001
""""" Intentionalty ~ 284:086 1524072 <0001
""""" Orientaton 368032 243026 <0001
""""" Word recogniton 423056 1874036 <0001
""""" Recall of testing instructions ~ 263:064  182+063 <0001
""""" oralabity 28078 1691066 <0001
""""" Findingwords 281036  176:047 <0001
""""" language comprehension ~ 397¢038  212+052 <0001
""""" Attenton ~ 288s049 1824067 <0001

Table 8. Comparison of therapeutic effects between the 2 groups 7 days and 12 weeks after treatment initiation (mean +SD).

P-value

abnormal logical thinking [23]. In the present study, cognitive
impairment was diagnosed in 24.2% of the initially screened
COPD patients living in the Xining region with 25% reduced
atmospheric O, content. However, since 54.5% of the initially
screened COPD cases were excluded in this study, the overall
dementia incidence might have been underestimated due to
the presence of more serious depression and/or anxiety symp-
toms in the excluded patients. It has been proposed that hy-
poxemia is a crucial factor for cognitive impairment in COPD
patients [24,25]. Furthermore, some researchers have sug-
gested that cognitive impairment is prone to occur in COPD

patients with hypoxemia, while the risk of subclinical cog-
nitive dysfunction would not be increased in COPD patients
without hypoxemia, and the degree of cognitive impairment
in COPD patients with hypoxia is closely related to the degree
of hypoxia. This is supported by the clinical finding that cogni-
tive function can be improved by long-term oxygen therapy in
COPD patients [26,27]. A proposed reason for the correlation
between hypoxia and cognitive impairment is the shortage
of cholinergic transmitters, since hypoxemia affects oxygen-
dependent enzymes for the synthesis of acetylcholine [28].
In our study, oxygen treatment for 1 week, in combination

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




Mei L et al.:
Dementia in elderly COPD patients
© Med Sci Monit, 2018; 24: 7742-7749

with low-dose donepezil, significantly improved ADL scores,
and there was some improvement in ADAS-Cog scores in the
intervention group, whereas the control group did not show
significant changes. However, there were still significant dif-
ferences between the groups regarding ADL, MMSE, and ADAS-
Cog scores at day 7 after treatment initiation. After 12 weeks
of treatment, ADL scores showed no difference between the
groups, but MMSE and ADAS-Cog scores were still signifi-
cantly inferior in the intervention group, although they were
significantly improved compared to before treatment. These
results indicate that high doses of the acetylcholinesterase in-
hibitor donepezil improve the cognitive impairment in COPD
patients, even without oxygen therapy. The cognitive impair-
ment screening used in the current study employed a variety
of clinical neuropsychological scales, and could be used to
assess the overall state of cognitive function, as well as specific
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