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BACKGROUND: Bronchiectasis may change cognitive function. The mechanism responsible for
cognitive dysfunction in COPD may be neuronal damage caused by hypoxia. Cognitive function in
patients with bronchiectasis is also likely to be affected by similar mechanisms. The goal of this
study was to determine the frequency and determinants of low cognitive ability in subjects with
stable bronchiectasis. METHODS: Thirty subjects with stable bronchiectasis and 25 healthy vol-
unteers underwent a cognitive ability assessment using the Wechsler Adult Intelligence Scale.
Bronchiectasis was diagnosed by high-resolution computed tomography of the chest. Age, body
mass index, the Hospital Anxiety and Depression Scale, and pulmonary function were assessed.
Perceived intensity of dyspnea after exercise (after climbing 3 flights of stairs) was estimated using
a modified Borg scale. RESULTS: Mean scores on the verbal and performance tests and full-scale
IQ scores were significantly lower in subjects with bronchiectasis than in healthy volunteers. Low
cognitive ability in subjects with bronchiectasis was associated with higher depression scores, lower
oxygen saturation, and poor lung function after adjusting for potential confounders in multivariate
analysis. Borg scores after exercise in subjects with bronchiectasis and low cognitive ability were
higher than those in subjects with bronchiectasis and high cognitive ability, despite similar PaO2

and
FEV1 in both groups. CONCLUSIONS: Low cognitive ability in subjects with bronchiectasis may
be associated with reduced lung function, more serious hypoxemia, and higher depressive symp-
toms. Subjects with bronchiectasis and low cognitive ability feel more intense dyspnea than do those
with high cognitive ability. Key words: cognitive ability; bronchiectasis; hypoxemia; lung functions.
[Respir Care 0;0(0):1–•. © 0 Daedalus Enterprises]

Introduction

Bronchiectasis is being increasingly diagnosed in adults
due to the more widespread availability of high-resolution
computed tomography.1,2 Bronchiectasis can develop as a

result of different airway insults and is a chronic infective
and inflammatory respiratory disease that causes signifi-
cant morbidity and mortality.3-6 Bronchiectasis may cause
pulmonary infections and loss of lung function.7 Despite
infection playing an important role in the underlying eti-
ology, no cause can be found in a significant proportion of
cases.8-10 However, increased susceptibility to respiratory
tract infections or chronically inflamed airways can facil-
itate the development of bronchiectasis.11,12

Bronchiectasis may change cognitive function, and stud-
ies evaluating this variable in subjects with bronchiectasis
are insufficient. Hypoxia may adversely affect cognitive
function, particularly in patients with chronic cardiac pul-
monary failure.13 The exact relationship between cognitive
impairment and hypoxemia remains unclear. The mecha-
nism responsible for cognitive dysfunction in COPD may
be neuronal damage caused by hypoxia.14 Cognitive func-
tions in patients with bronchiectasis are also likely to be
affected by similar mechanisms.
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Patients with bronchiectasis may have associated low
cognitive ability. The goal of this study was to determine
the frequency and determinants of low cognitive ability in
subjects with stable bronchiectasis.

Methods

Consecutive patients diagnosed with bronchiectasis, ad-
mitted to the out-patient clinic in the Department of Chest
Disease at Kırıkkale University between August 2013 and
December 2013, were included in this study. Twenty-five
age- and sex-matched healthy older adults were recruited
from the visitors accompanying the subjects. All subjects
signed informed consent forms, and the study was ap-
proved by the local ethics committee.

Exclusion criteria included: cardiac disorders, cognitive
impairment, treatment with systemic corticosteroids, and
respiratory tract infection in the previous 4 weeks. A de-
tailed history, physical examination, and spirometric mea-
surements were obtained from each subject. Subjects tak-
ing drugs, such as benzodiazepine, that affect cognitive
function were not included this study. Body mass index
was calculated by measuring weight and height. Arterial
blood gases were taken from subjects with stable bronchi-
ectasis. Arterial blood gases were measured by arterial
puncture in the morning while subjects were seated (15
min) and breathing room air for at least 45 min. Bronchi-
ectasis was diagnosed by high-resolution computed to-
mography of the chest, with 1-mm slices at 10-mm inter-
vals in deep inspiration, according to the criteria of Naidich
et al.15

Perceived intensity of dyspnea after exercise (after climb-
ing 3 flights of stairs) was estimated using a modified
Borg scale, ranging from 0 (no symptoms) to 10 (maxi-
mum bearable).16 Subjects were first asked to score how
dyspneic they felt using the Borg scale.

Wechsler Adult Intelligence Scale-Revised

The Wechsler Adult Intelligence Scale battery (17) con-
sists of 11 diverse subtests that measure a variety of verbal
and non-verbal mental abilities that contribute to general
intelligence (g factor). The Wechsler Adult Intelligence
Scale full-scale IQ score is based on performance on all 11
subtests. The Wechsler Adult Intelligence Scale-Revised
consists of 6 verbal subtests and 5 performance subtests.
The verbal tests are: information, comprehension, arith-
metic, digit span, similarities, and vocabulary. However,
in this study, we did not evaluate vocabulary. The perfor-
mance subtests were: picture arrangement, picture com-
pletion, block design, object assembly, and digit symbol.
The scores derived from this test are verbal, performance,
and full-scale IQs. The subtests have a mean � SD of
10 � 3; the full-scale, verbal, and performance IQ scores

have a mean � SD of 100 � 15.17,18 The test has been
adapted and validated for use in the Turkish population.19

The revised form was published in 1981.17

The test was taken in quiet surroundings, and all sub-
jects underwent a brief psychological interview before-
hand; special care was taken to minimize potential anxiety
regarding test performance. Moreover, it was clearly stated
at the time of inclusion that test results would in no case be
linked to any care change for subjects or to any specific
psychological intervention. Subjective scoring of the
Wechsler Adult Intelligence Scale-Revised was conducted
with blinding to the subjects’ study group.

The median full-scale IQ score was accepted as the
cutoff point. High cognitive ability was defined as a score
above the cutoff point (median 83.5). Accordingly, high
cognitive ability was described as a full-scale IQ score of
�83.5. Low cognitive ability was described as a full-scale
IQ score of �83.5.

Assessment of Psychological Status

Participants were asked to fill in the self-reported Hos-
pital Anxiety and Depression Scale questionnaire for the
assessment of psychological distress. The questionnaire
consisted of 14 questions in which the overall severity of
anxiety and depression was rated on a 4-point scale (0–3).
Seven questions were related to anxiety and 7 to depres-
sion.20 We used the Turkish version of the Hospital Anx-
iety and Depression Scale. The Turkish version of the
Hospital Anxiety and Depression Scale questionnaire has
been validated in Turkey by Aydemir et al.21

QUICK LOOK

Current knowledge

Bronchiectasis is a frequent comorbidity in COPD. Bron-
chiectasis can develop as a result of multiple airway
insults creating a chronic infective and inflammatory
respiratory process that causes significant morbidity and
mortality. Bronchiectasis is also associated with pul-
monary infections and loss of lung function. Hypox-
emia is a common symptom with a number of attendant
consequences.

What this paper contributes to our knowledge

Low cognitive ability in subjects with bronchiectasis
was associated with reduced lung function, more seri-
ous hypoxemia, and greater depressive symptoms. Sub-
jects with bronchiectasis and low cognitive ability felt
more intense dyspnea than did those with high cogni-
tive ability.
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Statistical Analysis

All clinical parameters were expressed as mean � SD.
Education level was classified as none (1), primary school
(2), secondary school (3), or high school (4). Student t and
Mann-Whitney tests were performed to assess group
differences in continuous data. Categorical variables
were compared using chi-square tests. Bivariate analy-
ses were performed using Pearson correlation. Multiple
stepwise linear regression was performed to determine
the relative contribution of possible confounding factors
to cognitive function tests. P � .05 was considered to
be statistically significant.

Results

Thirty subjects with bronchiectasis (mean age 45.4 y)
and 25 healthy volunteers (mean age 41.4 y) were en-
rolled. Subjects with bronchiectasis had a lower FEV1 and
higher anxiety and depression scores than healthy volun-
teers (Table 1). Subjects with bronchiectasis had a lower
educational level than healthy volunteers.

Mean scores on the verbal, performance, and full-scale
IQs were significantly lower in subjects with bronchiec-
tasis than in healthy volunteers (87.5 � 16.3 vs 105.8 �
16.1, P � .001). Mean scores on the similarities, informa-
tion, digit span, arithmetic, digit symbol, picture comple-
tion, picture arrangement, block design, object assembly,
and comprehension IQ were significantly lower in subjects
with bronchiectasis than in healthy volunteers (Table 2).
Borg scores after exercise in subjects with bronchiectasis
and low cognitive ability were higher than those in sub-
jects with bronchiectasis and high cognitive ability despite
the fact that PaO2

and pulmonary function in both groups

were similar (6.2 � 1.8 vs 4.6 � 1.5, P � .01) (Table 3).
There was a negative relationship of age, anxiety, and
depression scores with full-scale IQ scores, whereas there
was a positive relationship of oxygen saturation and body
mass index with full-scale IQ scores (Table 4).

Full-scale IQ scores in subjects with bronchiectasis were
negatively associated with depression scores and positively
associated with lung function after adjusting for potential
confounders in multivariate analysis. Full-scale IQ scores

Table 1. Characteristics of the Control Group and Subjects With
Bronchiectasis

Characteristic
Bronchiectasis

Group
(n � 30)

Control
Group

(n � 25)
P

Age, mean � SD y 45.4 � 14.1 41.4 � 12.7 .2
Females/males, n 18/12 9/16 .07
BMI, mean � SD kg/m2 27.4 � 5.9 27.7 � 4.1 .8
Education level, mean � SD 1.9 � 0.9 2.8 � 1.2 .002
FEV1, mean � SD % predicted 72.7 � 20.8 100.8 � 10.9 �.001
FEV1/FVC, mean � SD 74.6 � 11.1 85.6 � 7.6 �.001
Depression score, mean � SD 8.6 � 4.4 6.1 � 4.0 .03
Anxiety score, mean � SD 9.7 � 5.3 6.4 � 4.5 .01
Borg score after exercise,

mean � SD
5.4 � 1.8 1.2 � 1.8 �.001

Statistical significance was P � .05
BMI � body mass index

Table 2. Subtest Scores and Composite Scores of the Control Group
and Subjects With Bronchiectasis

Test
Bronchiectasis

Group
(n � 30)

Control
Group

(n � 25)
P

Full-scale IQ 87.5 � 16.3 106.1 � 18.8 �.001
Verbal IQ 89.1 � 18.4 105.3 � 18.4 .002
Performance IQ 87.1 � 13.8 105.2 � 18.0 �.001
Similarities 7.4 � 2.5 9.6 � 2.2 .004
Information 6.3 � 2.6 9.5 � 1.9 �.001
Digit span 7.3 � 2.6 9.1 � 2.9 .03
Arithmetic 6.1 � 2.4 9.8 � 2.4 �.001
Digit symbol 6.4 � 2.3 8.9 � 2.2 .001
Picture completion 6.6 � 2.6 9.4 � 1.9 �.001
Picture arrangement 5.5 � 2.9 9.6 � 3.1 �.001
Block design 4.9 � 2.3 7.3 � 1.9 .001
Object assembly 8.01 � 2.2 10.2 � 1.7 .001
Comprehension 7.2 � 2.6 9.4 � 2.1 .002

Data are mean � SD. Statistical significance of P � .05. Ten subtest scores: each with
mean � 10, SD � 3. Three composite scores: verbal, performance, full-scale, each with
mean � 100, SD � 15.

Table 3. Characteristics of Subjects With Bronchiectasis With High
and Low Cognitive Ability

Characteristic

Full-Scale IQ

Subjects with
bronchiectasis

and low cognitive
ability (n � 15)

Subjects with
bronchiectasis

and high cognitive
ability (n � 15)

P

Age, mean � SD y 49.4 � 12.3 41.5 � 15.1 .1
Females/males, n 3/12 9/6 .06
Education level,

mean � SD
1.3 � 0.8 2.5 � 0.6 .001

BMI, mean � SD kg/m2 29.9 � 5.7 24.9 � 5.1 .01
Borg score after exercise,

mean � SD
6.2 � 1.8 4.6 � 1.5 .01

PaO2
, mean � SD mm Hg 75.1 � 10.6 80.7 � 7.9 .1

SaO2
, mean� SD % 94.6 � 1.7 95.6 � 1.3 .08

FEV1, mean � SD %
predicted

72.1 � 17.8 73.4 � 24.1 .8

Statistical significance of P � .05.
BMI � body mass index
SaO2 � arterial oxygen saturation
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in subjects with bronchiectasis were positively associated
with oxygen saturation after adjusting for potential con-
founders in multivariate analysis. Furthermore, age, sex
and smoking were not associated with full-scale IQ
(Table 5).

Discussion

Our results indicate that cognitive ability was lower in
subjects with bronchiectasis. In addition, low cognitive
ability in subjects with bronchiectasis was associated with
poorer lung function, lower oxygen saturation, and higher
depressive symptoms. The lower educational level in sub-
jects with bronchiectasis compared with the control group
could have played a role in this diversity. However, in a
multivariate analysis independent of the effect of educa-
tional level, hypoxemia, pulmonary function, and depres-

sive symptoms determined low cognitive functions. Fur-
thermore, despite similar clinical parameters between the 2
groups, subjects with bronchiectasis and low cognitive abil-
ity indicated more intense dyspnea than subjects with high
cognitive ability. However, the mechanisms of the rela-
tionship between cognitive ability and dyspnea should be
explained with further studies. To our knowledge, this is
the first study evaluating cognitive ability in subjects with
bronchiectasis.

According to the present data, better lung function in
subjects with bronchiectasis was associated with better
cognitive ability. We had to discuss the results of partially
related studies due to the lack of research related to cog-
nitive ability in subjects with bronchiectasis. However,
previous studies on the relationship between cognitive func-
tion and pulmonary function have yielded conflicting re-
sults. A population-based study suggested that lower pul-
monary function is associated with subclinical cerebral
abnormalities, such as cerebral infarction and white matter
lesions, identified by magnetic resonance imaging.22 In a
study on associations between FEV1 and cognitive func-
tion in the British 1946 birth cohort, cognitive function
was positively associated with FEV1 across the life course.23

In a study in elderly Japanese-American men, low pulmo-
nary function at baseline was associated with cognitive
function impairment at least 23 y later.24 In another study,
childhood IQ was significantly related to FEV1 at age
79.25 On the other hand, studies investigating the relation-
ship between lung function and cognition in COPD pop-
ulations have shown different results, suggesting that lung
function cannot sufficiently determine cognitive function
in this group.14 In this study, age negatively correlated
with all cognitive function components according to the
Pearson correlation analysis, but no significant association
was detected between age and full-scale IQ in linear re-
gression analysis in subjects with bronchiectasis. In addi-
tion, sex was not associated with full-scale IQ. Age-related
declines in cognitive function in chronic respiratory dis-
ease, such as COPD, were found.26 However, the mean
age of subjects with chronic respiratory disease such as

Table 4. Simple Correlation Between Cognitive Ability and Study Variables in Subjects With Bronchiectasis

Test
Age BMI Depression Score Anxiety Score

%
Predicted

FEV1

SaO2
PaO2

r P r P r P r P r P r P r P

Full-scale IQ �0.41 .002 0.39 .004 �0.50 �.001 �0.47 �.001 0.17 .2 0.53 .003 0.48 .008
Verbal IQ �0.38 .005 0.29 .03 �0.40 .003 �0.46 �.001 0.05 .7 0.47 .009 0.44 .01
Performance IQ �0.38 .005 0.29 .03 �0.40 .003 �0.47 �.001 0.05 .7 0.48 .008 0.43 .02

Statistical significance of P � .05.
BMI � body mass index
SaO2 � arterial oxygen saturation

Table 5. Relationship Between Cognitive Ability, Measured by the
Wechsler Adult Intelligence Scale-Revised as the
Dependent Variable, and Percent-of-Predicted FEV1 and
Resting SaO2

as Independent Variables in Subjects With
Bronchiectasis in a Multivariate Model

Variable

Full-Scale IQ Score

r2 � 0.64 r2 � 0.59

� P � P

Intercept � .001 � .001
Age �0.12 .3 0.06 .6
Male �0.02 .8 �0.10 .4
Education 0.51 .001 0.48 .002
BMI �0.13 .3 �0.09 .5
Depressive symptoms �0.38 .009 �0.27 .05
% predicted FEV1 0.25 .04
SaO2

0.27 .03
Smoking �0.17 .1 �0.11 .3

� is the standardized regression coefficient. Statistical significance of P � .05.
BMI � body mass index
SaO2 � arterial oxygen saturation
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COPD was generally higher than mean age of patients
with bronchiectasis in our study.

Our study found that hypoxia can cause unfavorable
alterations in cognitive ability in subjects with bronchiec-
tasis. Hypoxia may adversely affect cognitive function in
patients with cardiac pulmonary failure.13 The incidence
of cognitive dysfunction is higher in COPD patients with
hypoxemia.27 Low baseline oxygen saturation in patients
with COPD was related to increased risk of cognitive im-
pairment.28 In a study evaluating cognitive function with
the P300 test in subjects with COPD , P300 latency cor-
related significantly with PaO2

, FEV1, and age.29 In another
study evaluating 203 subjects with COPD, there was a
significant inverse correlation between neuropsychologi-
cal impairment and PaO2

.30 The authors concluded that
cerebral disturbance may be partly related to a decrease in
oxygen use by the brain. Research on cognitive function
assessed by single-photon-emission computed tomography
in subjects with COPD indicated that worsening of hypox-
emia may be associated with frontal-type cognitive de-
cline.31 However, current evidence would suggest that hy-
poxemia alone is not enough to account for the cognitive
impairment in COPD.14

Depressive symptoms in the subjects with bronchiecta-
sis may be an important determinant for low cognitive
ability in the present study. A study with 35 elderly women
indicated that the cognitive dysfunction was associated
with depressive symptoms.32 In another cohort study, de-
pression accompanied cognitive impairment but did not
precede it.33 In a study evaluating 836 community-dwell-
ing subjects �70 y of age, higher depressive symptom
scores were associated with poorer initial performance in
processing speed, verbal fluency, and episodic memory.34

In a study in adults 70–90 y of age, individuals with mild
cognitive impairment indicated more depressive symptoms
compared with mentally healthy individuals.35 Another
study with 201 elderly subjects admitted to nursing homes
showed that depressive symptoms were associated with
progressive cognitive decline.36 In a meta-analysis of lon-
gitudinal studies, subjects with depression had a higher
incidence of mild cognitive impairment than those without
depression.37 According to the authors, depression was a
major risk factor for increased incidence of mild cognitive
impairment. Depression and cognitive dysfunction share a
general neuropathological tract in cortical and subcortical
brain areas involved in emotional and cognitive process-
ing.38

This study has several limitations. Because the Wechsler
Adult Intelligence Scale-Revised test is quite time-con-
suming and difficult, we include only a small number of
subjects with bronchiectasis. In addition, healthy volun-
teers were also evaluated with these tests. However, in our
study, statistically significant and important values were
observed.

Conclusions

In summary, cognitive ability was lower in subjects
with bronchiectasis. This impairment may be partly related
to poorer lung function, lower oxygen saturation, and higher
depressive symptoms. Intervention for these factors in the
treatment of patients with bronchiectasis may result in
better cognitive ability. Although they have similar clini-
cal parameters, subjects with bronchiectasis and low cog-
nitive ability perceive more severe dyspnea than do sub-
jects with high cognitive ability.
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