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Abstract
Background Attention difficulties are often reported by patients with chronic obstructive pulmonary disease (COPD); however,
limited research exists using objective tests designed specifically to measure attention in this population. This study aimed to (1)
identify specific attention deficits in COPD and (2) determine which demographic/clinical characteristics are associated with
reduced attention.
Methods Eighty-four former smokers (53 COPD, 31 no COPD) completed questionnaires, pulmonary function testing, and the
Conner’s Continuous Performance Test II (CPT-II). Participants with and without COPD were compared on CPT-II measures of
inattention, impulsivity, and vigilance. CPT-II measures that differed significantly between the two groups were further examined
using hierarchical regression modeling. Demographic/clinical characteristics were entered into models with attention as the
dependent variable.
Results Participants with COPD performed worse than those without COPD on CPT measures of inattention and impulsivity
(i.e., detectability [discrimination of target from non-target stimuli], perseverations [reaction time under 100 ms], omissions
[target stimuli response failures], and commissions [responses to non-target stimuli]). More severe COPD (measured by greater
airflow limitation) was associated with poorer ability to detect targets vs. foils and perseverative responding after adjusting for
age and other covariates in the model.
Conclusion Former smokers with COPD experience problems with attention that go beyond slowed processing speed, including
aspects of inattention and impulsivity. Clinicians should be aware that greater airflow limitation and older age are associated with
attention difficulties, as this may impact functioning.
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Introduction

Chronic obstructive pulmonary disease (COPD) is character-
ized by airflow limitation that is not fully reversible, as well as
sustained inflammation of airways and the lung. COPD is the
third leading cause of morbidity and mortality in the USA and
the fourth leading cause of death globally [1, 2]. Cigarette
smoking is the most common risk factor for developing
COPD, though indoor and occupational pollution can also
play a role [2]. Researchers have increasingly recognized the
prevalence of cognitive impairment among patients with
COPD with studies to date invoking hypoxemia, systemic
inflammation, and comorbid cardiovascular disease as prima-
ry mechanisms. Cognitive difficulties exacerbate the financial
and personal burden of COPD [1, 3, 4]. In a recent review of
research on cognitive impairment in COPD, attention was
cited as one of the cognitive domains most frequently impact-
ed in COPD [5]. Decrements in attention have been linked to
diminished daily functioning and quality of life in adults, with
implications for occupational and social functioning [6–10].
Additionally, prior research suggests that attention deficits
hinder an individual’s ability to discontinue tobacco use [11,
12]. Sustained cigarette smoking increases the risk of further
airway inflammation and injury in COPD, leading to a wors-
ening of disease-related symptoms [13]. Despite a growing
body of literature acknowledging the pervasiveness of atten-
tion problems in individuals with COPD, the majority of re-
search in COPD has utilized cognitive measures that are not
specific to attention, and which require multiple cognitive
functions to complete successfully [14–19]. This limitation
in the existing research makes it difficult to differentiate atten-
tion deficits from problems with other cognitive domains.

Only one published manuscript addressing cognition in
individuals with COPD employed a test designed specifically
to measure attention (i.e., the Attention Network Test; 20).
The authors found that individuals with COPD performed
worse on (1) phasic alertness (decreased speed and accuracy
in identifying a target after exposure to an auditory alert), (2)
orienting (slower reaction time when a spatial cue is displayed
in a central position, versus the same location as the target),
and (3) reaction time than age- and gender-matched healthy
controls [20]. In addition, age and hypercapnia were associat-
ed with slower reaction times [20]. Smoking history was not
accounted for in the previous study, making it unclear if the
group differences observed were due to disease status rather
than the effects of smoking. Furthermore, no published re-
search to date has considered the influence of common psy-
chological comorbidities (i.e., symptoms of depression and
anxiety) on attention in individuals with COPD. Depressive
and anxious symptoms have been consistently associated with
reduced processing speed and attention, and therefore are im-
portant to include when examining cognitive dysfunction
[21–24].

The goal of the current study was to determine the effect of
COPD on attention above and beyond other factors that are
likely to influence attention. This was accomplished by (1)
examining components of inattention, impulsivity, and vigi-
lance in former smokers with COPD as compared to former
smokers without COPD using the Conner’s Continuous
Performance Test II, a commonly used attention measure,
and (2) testing whether clinical and demographic factors (in-
cluding age, smoking history, symptoms of anxiety and de-
pression, and comorbid sleep apnea) and disease severity (es-
timated using airflow limitation) are associated with attention.
We hypothesized that former smokers with COPD would per-
form worse on measures of inattention, impulsivity, and vig-
ilance than former smokers without COPD. We expected that
greater COPD severity (as measured by spirometry) and ele-
vated symptoms of depression and anxiety would be associ-
ated with worse CPT-II performance after adjusting for the
effects of age, smoking history, obstructive sleep apnea status,
and premorbid IQ.

Materials and Methods

Participants

Participants were 84 former smokers, 53 of whom met tradi-
tional GOLD criteria for COPD based on airflow limitation
measured via spirometry, and 31 that did not have significant
airflow limitation [2]. Participants were recruited from the
COPDGene cohort [2, 25] at National Jewish Health in
Denver, CO to participate in a separate study of factors that
are associated with cognitive impairment in former smokers
(NIH K23 HL095658). Inclusion criteria for the current study
were former smoker, minimum of an 8th grade education,
fluency (at the level of a native speaker) in the English lan-
guage, and normal corrected hearing and vision. Criteria for
exclusion were previous diagnosis of a learning, cognitive or
neurological disorder, traumatic brain injury with loss of con-
sciousness > 10 min, current illicit drug use, major psychiatric
disorder, alteration in depression or anxiety treatment within
3 months prior to enrolment, major medical condition apart
from COPD or asthma, arrhythmia, left-sided heart failure, a
COPD exacerbation a month before enrolment which required
consultation with or treatment by a physician, or performance
suggestive of poor test engagement on the CPT-II using cut-
offs published in the manual [26].

Informed consent was obtained from all individual partic-
ipants included in the study.

All study procedures were approved through the
Institutional Review Board at National Jewish Health.
Participants completed two study visits for the ancillary study
that were separate from COPDGene. All measures included in
the current analysis were collected during the same study visit.
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Measures

Attention Measure

The Conner’s Continuous Performance Test II (CPT-II) is a
commonly used assessment tool for detecting and diagnos-
ing disorders of attention. The CPT-II is a computerized
attention task that takes approximately 15 min to complete.
Participants are instructed to press the space bar as quickly
as possible when they see any letter other than “X” appear
on the computer screen [26]. The test measures response
accuracy (omissions, commissions, and detectability), re-
sponse time (overall hit reaction time, reaction time by
inter-stimulus interval, hit reaction time by block, and per-
severations), and consistency of response time (standard
error, variability of standard error, and standard error by
block). The CPT-II yields 12 subscales that are organized
into three domains: (1) inattention, which refers to failure
to attend to or focus on a task, and is measured via slower
reaction time, inconsistency in response speed across the
task, and decreased accuracy; (2) impulsivity, which refers
to inability to appropriately regulate one’s behavior or re-
sponsiveness, and is measured by a greater number of re-
sponses to non-target stimuli and decreased reaction time;
and (3) vigilance, which refers to sustained attention, and
is measured by a higher degree of consistency in response
time throughout the test [26]. The Conner’s Continuous
Performance Test-II computer software was used for scor-
ing, which calculates T-scores based upon age-corrected
normative data from a mixed clinical/non-clinical sample
of 2521 individuals [26]. T-scores (mean = 50, SD = 10) for
the CPT measures were re-calculated for the current anal-
ysis so that higher scores were indicative of better perfor-
mance for all subscales. As recommended in the test’s user
manual, individuals who obtained T-scores greater than
100 (or re-calculated T-scores less than 0) on persevera-
tions (responses occurring less than 100 ms after stimulus
presentation) or omissions (failures to respond to target
stimuli) were considered to have had poor test engagement
and were thus excluded from further analyses [26].

Symptoms of Depression and Anxiety

Severity of depressive and anxious symptoms were evaluated
using the Hospital Anxiety and Depression Scale (HADS; 27).
The HADS includes 14 items, 7 of which assess depressive
symptoms and 7 of which assess symptoms of anxiety [27].
This measure has been used frequently in research involving
patients with COPD [28–30]. The total score can range from 0
to 42, with a higher score indicating a more symptoms of
anxiety and depression.

Pulmonary Function

Pulmonary function was assessed via pre- and post- broncho-
dilator spirometry. The EasyOne spirometer (ndd, Medical
Technologies Inc., Andover, MA) was utilized in agreement
with the American Thoracic Society guidelines [31]. After
baseline FVC testing, two puffs of albuterol (180 μg) were
administered from a metered dose inhaler with a spacer. After
20 min, participants were prompted to perform three addition-
al acceptable FVC maneuvers. Post bronchodilator FEV1%
predicted, a continuous spirometric measure of airflow limita-
tion, was selected as the primary variable to be entered into
regression analysis. Classification of disease severity (mild to
moderate airflow limitation [GOLD stages 1–2] vs. severe to
very airflow limitation [GOLD stages 3–4]) was additionally
calculated using two estimates of airflow limitation
(FEV1/FVC ratio and post bronchodilator FEV1% predicted)
as described in the Global Initiative for Chronic Obstructive
Lung Disease (GOLD) statement of strategy for the diagnosis,
management, and prevention of chronic obstructive pulmo-
nary disease and was used in supplemental exploratory anal-
yses [31]. For three participants, past spirometry results were
used due to the suboptimal quality of their present pulmonary
function outcomes.

Demographic Characteristics

Participants completed self-report forms inquiring about gen-
der, age, years of education, and smoking history (amount and
number of years smoked and years since smoking cessation)
and whether or not they had a diagnosis of obstructive sleep
apnea. Additionally, the WRAT 4 Word Reading subtest was
administered in order to obtain an estimate of premorbid IQ.

Statistical Analysis

Former smokers with and without GOLD-defined COPD
were compared on each of the 11 subscales of the CPT-II,
using t tests for subscales that were normally distributed and
Mann-Whitney U tests for subscales that were not normally
distributed, as determined via the Shapiro-Wilk test. Several
CPT-II subscale measures (i.e., perseverations, omissions, and
commissions) typically yield non-normal distributions, as
most individuals make few, if any, of these types of errors
[26]. CPT-II subscales that differed significantly between par-
ticipants with and without COPD were examined further via
hierarchical multiple linear regression models for subscales
that were normally distributed and hierarchical logistic regres-
sion models for subscales that were not normally distributed.
An alpha level of 0.05 was selected across analyses, reducing
type II error, while accepting some elevation in type I error.
This approach maximizes the number of variables chosen to
be examined further via regression. In the logistic regression
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models, the T-scores of non-normally distributed variables
were dichotomized by assigning a value of 1 to scores that
fell above 40 and 0 to scores that were 40 or less (at least one
standard deviation below the mean, indicating clinically
meaningful impairment). The goals of the regression models
were to identify demographic and clinical characteristics that
are associated with decreased attention and also to determine
the effect of COPD, as assessed using a spirometry measure of
airflow limitation (post bronchodilator FEV1% predicted),
above and beyond the demographic and clinical characteris-
tics that were included in these models. All models included
the following predictors: age, pack-years, sleep apnea status,
estimated premorbid intellectual functioning, depressive/
anxious symptoms, and post bronchodilator FEV1% predict-
ed. In the first step of the regression, post bronchodilator
FEV1% predicted was entered as the sole the predictor, with
this variable, along with the remaining predictors, entered in
the second step. This approach was employed to examine the
extent to which the shared variance between FEV1% predict-
ed and covariates might explain the relationship with attention
function. Statistical analyses were two-tailed. Data analysis
was conducted with Statistical Product and Service
Solutions software (SPSS) Version 23, with a two-sided sig-
nificance level of 0.05.

Results

Demographic Characteristics of Participants

Participants with COPD did not differ significantly from indi-
viduals without COPD in estimated premorbid IQ (WRAT 4
Word Reading standard score; 101.7 ± 5.4 vs. 99.9 ± 9.3; t
(82) = − 1.05, p = .30). Participants with COPD had a more
extensive smoking history (61.2 ± 36.4 vs. 37.7 ± 22.3 pack
years; t (82) = − 3.66, p < .001), more recent smoking history
(14.0 ± 10.9 vs. 22.9 ± 13.7 years since smoking cessation; t
(82) = 3.30, p < .01), and higher mean age (70.3 ± 6.5 vs. 66.1
± 6.6; t (82) = − 2.81, p < .01) than former smokers without
COPD. Individuals with COPD also reported more depressive
and anxious symptoms, as measured via the HADS (7.3 ± 5.4
vs. 5.0 ± 3.4; t (82) = − 2.42, p < .05). See Table 1 for further
information regarding the demographic and clinical character-
istics of the sample.

Aim 1: Attention in Former Smokers with Versus
Without COPD

Bivariate analyses were used in aim 1 to identify specific
attention deficits in COPD. Because the Shapiro-Wilk tests
for normality of CPT measures revealed that errors of omis-
sion, errors of commission, hit reaction time standard error
variability, perseverations, and hit reaction time block change

were not normally distributed Mann-Whitney U tests were
conducted to compare performance between groups on these
attention measures. As shown in Table 2, former smokers with
COPD performed significantly worse than those without
COPD on detectability (t (82) = 2.51, p < .05). Participants
with COPD also made significantly more perseverative errors
(response reaction time less than 100 ms; U = 521, p < .01),
errors of commission (responses to non-target stimuli; U =
577, p < .05), and errors of omission (failures to respond to
target stimuli; U = 565.5, p < .05) than those without COPD.

Aim 2: Demographic and Clinical Characteristics
Associated with Attention

Four regression models were generated based on the CPT-II
measures that differed significantly between participant
groups (i.e., detectability, perseverations, errors of omission,
and errors of commission). Two of the four regression models
(i.e., detectability and perseverations) had an overall level of
statistical significance that was < 0.05 when entered alongside
covariates.

For detectability, the hierarchical regression model was sta-
tistically significant at stage 1 (F (1, 82) = 11.29, p < 01) and
did not account for a significantly greater proportion of the
variance at stage 2 (F (5, 77) = 1.61, p = .17). Detectability
measures the ability to identify target stimuli and ignore
non-target stimuli. Decreased FEV1% predicted (indicating
greater COPD severity) was associated with poorer perfor-
mance on detectability after adjusting for the other covariates
in the model (b = .09, p < .05). As shown in Table 3, lower
FEV1% predicted continued to be significantly associated
with worse performance on detectability after controlling for
age, smoking history, obstructive sleep apnea status, estimated
premorbid IQ, as well as depressive and anxious symptoms.

For perseverations, a hierarchical logistic regression was
used due to the non-normal distribution of data for that vari-
able. T-scores 40 or less (at least one standard deviation below
the mean) were coded as 0, and T-scores over 40 were coded
as 1 (within one standard deviation below the mean and
above) in order to dichotomize perseverations. The overall
hierarchical regression demonstrated a statistically significant
R2 change at stage 2 (Chi-square [5] = 13.83, p < .05).
Increased FEV1% predicted (less disease severity) was asso-
ciated with increased odds of performing within the average
range (T-score > 40) on the perseveration subscale by 3%
(OR = 1.03, p < .05) after adjusting for the other covariates
in the model. Additionally, older age was also associated with
decreased odds of average performance on perseverations
(OR = .87, p < .05) after adjusting for the other covariates in
the model. This indicates that greater COPD severity and age
are related to the propensity to respond before a target stimulus
is presented. As shown in Table 4, disease severity was sig-
nificantly associated with performance on perseverations after
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controlling for age, smoking history, obstructive sleep apnea
status, estimated premorbid IQ, as well as depressive and anx-
ious symptoms.

Discussion

Overall, the results of the current analysis suggest that former
smokers with COPD have greater difficulties with inattention
and impulsivity than former smokers without COPD and that
greater airflow limitation may contribute to these issues.
Participants with COPD did not have significant difficulties
in the domain of vigilance (i.e., ability to maintain responding
over time), but tended to have more inconsistent reaction
times than participants without COPD. Additional research
is needed to determine the extent to which these attention
problems impair daily functioning and influence quality of
life.

The present study examined whether former smokers with
COPD differ from former smokers without COPD on specific
aspects of attention. Indeed, individuals with COPD per-
formed worse than comparison participants on detectability,
perseverations, commissions, and omissions on the CPT-II, a
more targeted measure of attention than has been used in the

past literature. Greater disease severity (as assessed via airflow
limitation) was associated with poorer performance on both
detectability and perseverations after adjusting for key demo-
graphic and clinical covariates known to have implications for
attention including age, estimated premorbid intellectual func-
tioning, and obstructive sleep apnea [32, 33]. Further, airflow
limitationwas the strongest predictor of detectability, uniquely
explaining 12% of the variance in performance on this mea-
sure. Also, addition of the aforementioned covariates as a
second step in a hierarchical regression model failed to signif-
icantly improve upon the first model, in which airflow limita-
tion was the sole independent predictor. In addition to worse
airflow limitation, older age was also associated with poorer
performance on perseverations independent of other covari-
ates, which may be expected given the well-documented rela-
tionship between age and impulsivity [34].

Several weaknesses should also be acknowledged. We
failed to observe an association between more severe depres-
sive and anxious symptoms and poorer attention. The overall
symptoms of depression and anxiety were low in the sample,
as measured by the HADS, which hinders the ability to un-
derstand the role of depression and anxiety in decreased atten-
tion performance in COPD. Secondly, sample size was also a
limitation and likely resulted in reduced power to detect

Table 1 Demographic and clinical characteristics of the sample

Demographics No COPD (n = 31) COPD (n = 53) Test statistic t or X2 (p value)

Mean (SD) N (%) Mean (SD) N (%)

Age (years) 66.1 (6.6) 70.3 (6.5) t = − 2.81 (0.007)

Sex (female) 14 (45.2) 22 (41.5) X2 = 0.11 (0.744)

Years of education 14.5 (2.2) 13.8 (2.2) t = 1.34 (0.183)

Estimated premorbid IQ (WRAT 4 Standard Score)a 99.9 (9.3) 101.7 (5.4) t = − 1.05 (0.297)
MMSE II Raw Score 28.5 (1.6) 27.8 (1.5) t = 1.98 (0.051)

MMSE II Raw Score < 23 1 (3.2) 1 (1.9)

Smoking history (pack-years) 37.7 (22.3) 61.2 (36.4) t = − 3.66 (< .001)

Years since smoking cessation 22.9 (13.7) 14.0 (10.9) t = 3.30 (0.001)

Obstructive sleep apnea (yes) 12 (38.7) 12 (22.6) X2 = 2.47 (0.116)

Depression and anxiety (HADS score)b 5.0 (3.4) 7.3 (5.4) t = − 2.42 (0.018)
Post-bronchodilator spirometry

FEV1/FVC (%)c 77.9 (5.4) 51.3 (13.0) t = 13.13 (< .001)

FEV1% predictedd 91.8 (18.1) 51.0 (19.3) t = 9.55 (< .001)

Severity of airflow limitation

No COPD (GOLD 0)e – –

Mild to moderate COPD (GOLD 1–2) – 29 (54.7)

Severe to very severe COPD (GOLD 3–4) – 24 (45.3)

aWRAT-4: Wide Range Achievement Test–Fourth Edition
bHADS: Hospital Anxiety and Depression Scale
c FEV1/FVC: forced expiratory volume in 1 s (FEV1) over forced vital capacity (FVC)
d FEV1% predicted: forced expiratory volume in 1 s divided by the predicted value times 100
eGOLD: Global Initiative for Chronic Obstructive Lung Disease
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effects when conducting certain statistical tests (i.e., regres-
sion). In future research with larger sample sizes, it may be
interesting to include interaction testing in addition to exam-
ining regression models. Further, we did not examine all pos-
sible demographic and clinical characteristics that may influ-
ence attention. For example, there may be additional comor-
bid medical conditions that affect attention. We also acknowl-
edge that use of the MMSE II, which produces a restricted
range of scores, is likely inadequate for us to dismiss a poten-
tial association between general cognition and attention in our

sample. Additionally, this study did not gather data on day-to-
day functional implications of attention deficits in individuals
with COPD. Future researchers may choose to include self-
report questions to better understand practical implications of
reduced attention. Finally, airflow limitation is likely not the
only aspect of COPD that influences attention in individuals
with COPD. A more comprehensive study of physiological
mechanisms involved in COPD, in relation to attention func-
tions, would help elucidate why these decrements are ob-
served in this population.

Table 2 Conner’s Continuous
Performance Test-II Performance
by participant group

CPT domain No COPD (n = 31) COPD (n = 53) Test statistic t or U (p value)
Mean (SD) Mean (SD)

Inattention

Omissions 52.8 (8.4) 46.7 (13.8) U = 565.50 (0.017)

Commissions 55.5 (6.1) 51.4 (8.6) U = 577.00 (0.023)

Hit RTa 46.4 (10.5) 49.2 (15.4) t = − 0.91 (0.368)
Hit RT Std. error 45.1 (8.3) 43.5 (9.5) U= 722.00 (0.356)

Variability 50.7 (10.3) 46.5 (9.7) t = 1.85 (0.068)

Detectability 55.8 (8.0) 51.0 (8.8) t = 2.51 (0.014)

Hit RT ISI changeb 45.1 (11.3) 48.3 (11.4) t = − 1.25 (0.214)
Hit RT SE ISI changec 43.9 (14.4) 47.3 (12.1) t = − 1.16 (0.250)
Impulsivity

Commissions 55.5 (6.1) 51.4 (10.6) U = 577.00 (0.023)

Hit RTa 46.4 (10.5) 49.2 (15.4) t = − 1.00 (0.368)
Perseverations 52.3 (12.1) 45.8 (14.8) U = 521.00 (0.004)

Vigilance

Hit RT block changed 52.6 (9.8) 51.2 (10.6) U= 688.00 (0.216)

Hit SE block changee 47.7 (8.0) 46.5 (8.0) t = 0.70 (0.487)

Italicized values indicate significantly different mean values for former smokers with and without COPD, as
determined via t test or Mann-Whitney U test, with greater values indicating better performance
a Hit reaction time
bHit reaction time inter stimulus interval change
c Hit reaction time standard error inter stimulus interval change
dHit reaction time block change
e Hit standard error block change

Table 3 Hierarchical linear regression for detectability

Step 1 Step 2

Predictor variable Unstandardized b β SE p Unstandardized b Β SE p

FEV1% predicted 0.11 0.35 0.03 0.001 0.09 0.27 0.04 0.015

Age – – – – − 0.19 − 0.14 0.15 0.222

Pack-years – – – – − 0.04 − 0.14 0.03 0.201

Sleep apnea status – – – – − 0.98 − 0.05 2.10 0.641

WRAT 4 – – – – 0.22 0.19 0.13 0.099

HADS – – – – − 0.34 − 0.19 0.20 0.095

R2 0.12 0.001 0.20 0.167

R2 change 0.08 0.167
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Though the presence of attention deficits in COPD is widely
recognized in the literature, few studies have employed
attention-specific measures in research with this group. The pri-
mary strength of the current study is the use of an attention-
specific assessment, which has been repeatedly employed in
the detection of ADHD and other disorders of attention but
not previously in COPD. Interestingly, asthma and respiratory
symptoms in children and adolescents have been linked to great-
er risk of having attention deficit hyperactivity disorder (ADHD)
in several published studies [35–39]. Although research on spe-
cific attention decrements in adult populations with respiratory
illness is extremely limited, it is reasonable to suspect similar
types of attention impairment tomanifest due to the brain chang-
es associated with COPD-related pathophysiology including
hypoxemia and cardiovascular disease [40]. Attention problems
in adults in general are associated with reduced quality of life
and functional impairments, which can manifest as an increased
incidence of traffic accidents and greater occupational and rela-
tionship difficulties [6–10, 41]. There is also evidence demon-
strating that individuals with attention deficits tend to have great-
er difficulty maintaining smoking cessation [11, 12]. Smoking
cessation has important implications for the outlook of COPD,
as continued cigarette smoking increases the risk of inflamma-
tion and disease-related symptoms [13]. Thus, it is important to
establish a better understanding of the types of attention prob-
lems associated with COPD and the extent to which they impact
the daily functioning of these individuals, already burdenedwith
managing a chronic illness.

References

1. Singh B, Mielke MM, Parsaik AK, Cha RH, Roberts RO, Scanlon
PD, et al. A prospective study of chronic obstructive pulmonary
disease and the risk for mild cognitive impairment. JAMA
Neurol. 2014;71(5):581–8. https://doi.org/10.1001/jamaneurol.
2014.94.

2. Global Initiative for Chronic Obstructive Lung Disease. (2019).
Retrieved from http://www.goldcopd.org.

3. Shrikrishna D, Hopkinson NS. Chronic obstructive pulmonary dis-
ease: consequences beyond the lung. Clin Med (Lond). 2012;12(1):
71–4.

4. Kozora E, Tran ZV, Make B. Neurobehavioral improvement after
brief rehabilitation in patients with chronic obstructive pulmonary
disease. J Cardpulm Rehabil. 2002;22(6):426–30.

5. Torres-Sanchez I, Rodriguez-Alzueta E, Cabrera-Martos I, Lopez-
Torres I, Moreno-Ramirez MP, Valenza MC. Cognitive impairment
in COPD: a systematic review. J Bras Pneumol. 2015;41(2):182–
90. https://doi.org/10.1590/S1806-37132015000004424.

6. Able SL, Johnston JA, Adler LA, Swindle RW. Functional and
psychosocial impairment in adults with undiagnosed ADHD.
Psychol Med. 2007;37(1):97–107. https://doi.org/10.1017/
S0033291706008713.

7. Das D, Cherbuin N, Butterworth P, Anstey KJ, Easteal S. A
population-based study of attention deficit/hyperactivity disorder
symptoms and associated impairment in middle-aged adults.
PLoS One. 2012;7(2):e31500. https://doi.org/10.1371/journal.
pone.0031500.

8. Shaw M, Hodgkins P, Caci H, Young S, Kahle J, Woods AG, et al.
A systematic review and analysis of long-term outcomes in atten-
tion deficit hyperactivity disorder: effects of treatment and non-
treatment. BMC Med. 2012;10:99. https://doi.org/10.1186/1741-
7015-10-99.

9. Sobanski E, Bruggemann D, Alm B, et al. Psychiatric comorbidity
and functional impairment in a clinically referred sample of adults
with attention-deficit/hyperactivity disorder (ADHD). Eur Arch
Psychiatry Clin Neurosci. 2007;257(7):371–7. https://doi.org/10.
1007/s00406-007-0712-8.

10. Surman CB, Biederman J, Spencer T, Miller CA, McDermott KM,
Faraone SV. Understanding deficient emotional self-regulation in
adults with attention deficit hyperactivity disorder: a controlled
study. Atten Defic Hyperact Disord. 2013;5(3):273–81. https://
doi.org/10.1007/s12402-012-0100-8.

11. Humfleet GL, Prochaska JJ, MengisM, Cullen J,Muñoz R, Reus V,
et al. Preliminary evidence of the association between the history of
childhood attention-deficit/hyperactivity disorder and smoking
treatment failure. Nicotine Tob Res. 2005;7(3):453–60. https://doi.
org/10.1080/14622200500125310.

12. Pomerleau OF, Downey KK, Stelson FW, Pomerleau CS. Cigarette
smoking in adult patients diagnosed with attention deficit hyperac-
tivity disorder. J Subst Abus. 1995;7(3):373–8.

13. Charbonnier JP, Pompe E, Moore C, Humphries S, van Ginneken
B, Make B, et al. Airway wall thickening on CT: relation to

Table 4 Hierarchical logistic regression for perseverations

Step 1 Step 2

Predictor variable β Odds ratio SE p β Odds ratio SE p

FEV1% predicted 0.02 1.02 0.01 0.075 0.02 1.03 0.01 0.045

Age – – – − 0.14 .87 0.06 0.016

Pack-years – – – < 0.01 1.00 0.01 0.725

Sleep apnea status – – – − 1.10 .33 0.80 0.169

WRAT 4 – – – − 0.04 .96 0.05 0.417

HADS – – – 0.10 1.11 0.08 0.213

Nagelkerke R2 0.06 0.29

R2 change 0.23

Int.J. Behav. Med. (2019) 26:600–607606

https://doi.org/10.1001/jamaneurol.2014.94
https://doi.org/10.1001/jamaneurol.2014.94
http://www.goldcopd.org
https://doi.org/10.1590/S1806-37132015000004424
https://doi.org/10.1017/S0033291706008713
https://doi.org/10.1017/S0033291706008713
https://doi.org/10.1371/journal.pone.0031500
https://doi.org/10.1371/journal.pone.0031500
https://doi.org/10.1186/1741-7015-10-99
https://doi.org/10.1186/1741-7015-10-99
https://doi.org/10.1007/s00406-007-0712-8
https://doi.org/10.1007/s00406-007-0712-8
https://doi.org/10.1007/s12402-012-0100-8
https://doi.org/10.1007/s12402-012-0100-8
https://doi.org/10.1080/14622200500125310
https://doi.org/10.1080/14622200500125310


smoking status and severity of COPD. Respir Med. 2019;146:36–
41. https://doi.org/10.1016/j.rmed.2018.11.014.

14. Alosco ML, Spitznagel MB, Josephson R, Hughes J, Gunstad J.
COPD is associated with cognitive dysfunction and poor physical
fitness in heart failure. Heart Lung. 2015;44(1):21–6. https://doi.
org/10.1016/j.hrtlng.2014.09.002.

15. Dodd JW, Novotny P, Sciurba FC, Benzo RP, Group NR. Executive
function, survival, and hospitalization in chronic obstructive pulmo-
nary disease. A longitudinal analysis of the National Emphysema
Treatment Trial (NETT). Ann Am Thorac Soc. 2015;12(10):1473–
81. https://doi.org/10.1513/AnnalsATS.201506-373OC.

16. Emery CF, Schein RL, Hauck ER, MacIntyre NR. Psychological
and cognitive outcomes of a randomized trial of exercise among
patients with chronic obstructive pulmonary disease. Health
Psychol. 1998;17(3):232–40.

17. Feng L, Lim ML, Collinson S, Ng TP. Pulmonary function and
cognitive decline in an older Chinese population in Singapore.
COPD. 2012;9(5):555–62. https://doi.org/10.3109/15412555.
2012.706341.

18. Ryu CW, Jahng GH, Choi CW, Rhee HY, Kim MJ, Kim SM, et al.
Microstructural change of the brain in chronic obstructive pulmo-
nary disease: a voxel-based investigation by MRI. COPD.
2013;10(3):357–66. https://doi.org/10.3109/15412555.2012.
752808.

19. Tulek B, Atalay NB, Yildirim G, Kanat F, Suerdem M. Cognitive
function in chronic obstructive pulmonary disease: relationship to
global initiative for chronic obstructive lung disease 2011 catego-
ries. Respirology. 2014;19(6):873–80. https://doi.org/10.1111/resp.
12333.

20. Klein M, Gauggel S, Sachs G, Pohl W. Impact of chronic obstruc-
tive pulmonary disease (COPD) on attention functions. RespirMed.
2010;104(1):52–60. https://doi.org/10.1016/j.rmed.2009.08.008.

21. Castaneda AE, MarttunenM, Suvisaari J, Perälä J, Saarni SI, Aalto-
Setälä T, et al. The effect of psychiatric co-morbidity on cognitive
functioning in a population-based sample of depressed young
adults. Psychol Med. 2010;40(1):29–39. https://doi.org/10.1017/
S0033291709005959.

22. Del Brutto OH, Mera RM, Del Brutto VJ, et al. Influence of de-
pression, anxiety and stress on cognitive performance in
community-dwelling older adults living in rural Ecuador: results
of the Atahualpa project. Geriatr Gerontol Int. 2015;15(4):508–
14. https://doi.org/10.1111/ggi.12305.

23. Ng J, Chan HY, Schlaghecken F. Dissociating effects of subclinical
anxiety and depression on cognitive control. Adv Cogn Psychol.
2012;8(1):38–49. https://doi.org/10.2478/v10053-008-0100-6.

24. Weiland-Fiedler P, Erickson K,Waldeck T, Luckenbaugh DA, Pike
D, Bonne O, et al. Evidence for continuing neuropsychological
impairments in depression. J Affect Disord. 2004;82(2):253–8.
https://doi.org/10.1016/j.jad.2003.10.009.

25. Regan EA, Hokanson JE, Murphy JR, Make B, Lynch DA, Beaty
TH, et al. Genetic epidemiology of COPD (COPDGene) study
design. COPD. 2010;7(1):32–43. https://doi.org/10.3109/
15412550903499522.

26. Conners CK. CPT II Technical Guide and Software Manual.
Toronto, ON: Multi Health Systems Incorporated; 2000.

27. Zigmond AS, Snaith RP. The hospital anxiety and depression scale.
Acta Psychiatr Scand. 1983;67(6):361–70.

28. Hajiro T, Nishimura K, Tsukino M, Ikeda A, Oga T. Stages of
disease severity and factors that affect the health status of patients
with chronic obstructive pulmonary disease. Respir Med.
2000;94(9):841–6. https://doi.org/10.1053/rmed.2000.0804.

29. Okubadejo AA, Jones PW, Wedzicha JA. Quality of life in patients
with chronic obstructive pulmonary disease and severe
hypoxaemia. Thorax. 1996;51(1):44–7.

30. Sutton K, Cooper M, Pimm J, Wallace L. Anxiety in chronic ob-
structive pulmonary disease: the role of illness specific catastrophic
thoughts. CognTher Res. 1999;23:573–85. https://doi.org/10.1023/
A:1018780623406.

31. Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates
A, et al. Standardisation of spirometry. Eur Respir J. 2005;26(2):
319–38. https://doi.org/10.1183/09031936.05.00034805.

32. Verstraeten E, Cluydts R, Pevernagie D, Hoffman G. Executive
function in sleep apnea: controlling for attentional capacity and
assessing executive attention. Sleep. 2004;27(4):685–93.

33. Tulek B, Atalay NB, Kanat F, Suerdem M. Attetnional control is
partially impaired in obstructive sleep apnea syndrome. J Sleep Res.
2013;22(4):422–9. https://doi.org/10.1111/jsr.12038.

34. Mani TM, Bedwell JS, Miller LS. Age-related decrements in per-
formance on a brief continuous performance test. Arch Clin
Neuropsychol. 2005;20:575–86. https://doi.org/10.1016/j.
acn2004.12.008.

35. Goodwin RD, Lewinsohn PM, Seeley JR. Respiratory symptoms
and mental disorders among youth: results from a prospective, lon-
gitudinal study. Psychosom Med. 2004;66(6):943–9. https://doi.
org/10.1097/01.psy.0000138123.70740.92.

36. Holmberg K, Lundholm C, Anckarsater H, Larsson H, Almqvist C.
Impact of asthma medication and familial factors on the association
between childhood asthma and attention-deficit/hyperactivity dis-
order: a combined twin- and register-based study: epidemiology of
allergic disease. Clin Exp Allergy. 2015;45(5):964–73. https://doi.
org/10.1111/cea.12529.

37. Kwon HJ, Lee MY, Ha M, Yoo SJ, Paik KC, Lim JH, et al. The
associations between ADHD and asthma in Korean children. BMC
Psychiatry. 2014;14:70. https://doi.org/10.1186/1471-244X-14-70.

38. McQuaid EL, Weiss-Laxer N, Kopel SJ, Mitchell DK, Nassau JH,
Wamboldt MZ, et al. Pediatric asthma and problems in attention,
concentration, and impulsivity: disruption of the family manage-
ment system. Fam Syst Health. 2008;26(1):16–29. https://doi.org/
10.1037/1091-7527.26.1.16.

39. Yuksel H, Sogut A, Yilmaz O. Attention deficit and hyperactivity
symptoms in children with asthma. J Asthma. 2008;45(7):545–7.
https://doi.org/10.1080/02770900801990016.

40. Stollings JL, Wilson JE, Jackson JC, Wesley EE. Executive dys-
function following critical illness: exploring risk factors and man-
agement options in geriatric populations. Curr Behav Neurosci Rep.
2016;3:176–84.

41. Szuromi B, Bitter I, Czobor P. Functional impairment in adults
positively screened for attention-deficit hyperactivity disorder: the
role of symptom presentation and executive functioning. Compr
Psychiatry. 2013;54(7):974–81. https://doi.org/10.1016/j.
comppsych.2013.04.002.

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Int.J. Behav. Med. (2019) 26:600–607 607

https://doi.org/10.1016/j.rmed.2018.11.014
https://doi.org/10.1016/j.hrtlng.2014.09.002
https://doi.org/10.1016/j.hrtlng.2014.09.002
https://doi.org/10.1513/AnnalsATS.201506-373OC
https://doi.org/10.3109/15412555.2012.706341
https://doi.org/10.3109/15412555.2012.706341
https://doi.org/10.3109/15412555.2012.752808
https://doi.org/10.3109/15412555.2012.752808
https://doi.org/10.1111/resp.12333
https://doi.org/10.1111/resp.12333
https://doi.org/10.1016/j.rmed.2009.08.008
https://doi.org/10.1017/S0033291709005959
https://doi.org/10.1017/S0033291709005959
https://doi.org/10.1111/ggi.12305
https://doi.org/10.2478/v10053-008-0100-6
https://doi.org/10.1016/j.jad.2003.10.009
https://doi.org/10.3109/15412550903499522
https://doi.org/10.3109/15412550903499522
https://doi.org/10.1053/rmed.2000.0804
https://doi.org/10.1023/A:1018780623406
https://doi.org/10.1023/A:1018780623406
https://doi.org/10.1183/09031936.05.00034805
https://doi.org/10.1111/jsr.12038
https://doi.org/10.1016/j.acn2004.12.008
https://doi.org/10.1016/j.acn2004.12.008
https://doi.org/10.1097/01.psy.0000138123.70740.92
https://doi.org/10.1097/01.psy.0000138123.70740.92
https://doi.org/10.1111/cea.12529
https://doi.org/10.1111/cea.12529
https://doi.org/10.1186/1471-244X-14-70
https://doi.org/10.1037/1091-7527.26.1.16
https://doi.org/10.1037/1091-7527.26.1.16
https://doi.org/10.1080/02770900801990016
https://doi.org/10.1016/j.comppsych.2013.04.002
https://doi.org/10.1016/j.comppsych.2013.04.002

	Reduced Attention in Former Smokers with and without COPD
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and Methods
	Participants

	Measures
	Attention Measure
	Symptoms of Depression and Anxiety
	Pulmonary Function
	Demographic Characteristics
	Statistical Analysis

	Results
	Demographic Characteristics of Participants
	Aim 1: Attention in Former Smokers with Versus Without COPD
	Aim 2: Demographic and Clinical Characteristics Associated with Attention

	Discussion
	References


