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Background: Chronic obstructive pulmonary disease (COPD) can affect cognition. The effects 

of other less severe chronic airway disorders on cognition remain to be clarified. This study 

aimed to measure and compare cognitive deterioration in subjects with COPD, subjects with 

chronic non-obstructive bronchitis (CNOB), and asymptomatic smokers (AS), and to relate 

the corresponding prevalence to several demographic and clinical variables and to normal 

reference values.

Methods: Four hundred and two subjects (COPD n=229, CNOB n=127, and AS n=46) of 

comparable age were included in the study. Cognitive impairment was assessed using the Mini 

Mental Status test, the Clock Drawing test, and the Trail Making test A and B.

Results: The extent and prevalence of cognitive deterioration was greater in COPD subjects, 

followed by CNOB subjects and AS (P,0.001). The Medical Research Council and COPD 

Assessment test scores, forced expiratory volume in the first second predicted, and arterial 

partial pressure of O
2
 and of CO

2
 were related to the extent and the prevalence of cognitive 

deterioration. COPD subjects, CNOB subjects, and AS aged 40–69 years showed the greatest 

cognitive impairment (P,0.01 compared to normal values). This was particularly clear in 

COPD subjects.

Conclusion: Cognitive impairment may start at the early stages of chronic airway damage 

and progress with a worsening of the respiratory condition. Indeed, the greatest cognitive 

deterioration was seen in COPD subjects. Cognition impairment may contribute to explaining 

the insufficient adherence to therapeutic plans and strategies, and the increasing social costs 

in respiratory subjects.
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Introduction
Chronic obstructive pulmonary disease (COPD) is a pathological condition of the 

respiratory system commonly diagnosed in the fifth decade of life and characterized 

by a high socioeconomic impact.1–3 COPD is only partially reversible and can pro-

gressively affect the function of other organs (eg, heart, vasculature, muscles, kidney, 

liver, gastroenteric apparatus, and brain) causing different comorbidities of various 

severities,4,5 including cognitive impairment.6–9 COPD effects on cognition are still 

poorly understood; indeed, this comorbidity has not been investigated as extensively 

as other pathologies.10–13 Cognitive function impairment was found to be associated 

with severe pulmonary dysfunction long ago,14–19 although its prevalence varied from 
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study to study20–23 and was dependent on the specific diag-

nostic criteria adopted, the methods used for assessing the 

impairment, and the number of subjects investigated.12,24,25 

Several studies investigating cognition in subjects with 

chronic airflow limitation had methodological limitations, 

including lack of clinical assessment of airflow impairment;26 

a specific focus on cognitive impairment in elderly subjects 

with severe respiratory conditions; a lack of interest in 

subjects without a defined respiratory disease;20,27–29 a lack 

of extensive comparison of cognitive impairment in COPD 

subjects versus subjects with other chronic airway disorders 

and/or healthy subjects;23,29 a lack of multiple psychometric 

tools;30 and small sample sizes.7,21,31,32

To better define the cognitive status in subjects with 

COPD and other airway disorders, this study aimed to: 

1) measure and grade the extent of cognitive deterioration in 

subjects with COPD, subjects with chronic non-obstructive 

bronchitis (CNOB), and asymptomatic smokers (AS) versus 

normal reference values; and 2) to relate the corresponding 

prevalence to major demographic and clinical variables.

Materials and methods
Written informed consent was obtained from all subjects 

participating in the study. Participants were subjects with 

different grades of COPD as defined in the Global Initiative 

for COPD (GOLD) guidelines,4 subjects with CNOB, and AS 

of comparable age. Each subject was assessed for: personal 

and family history, lung function (complete spirometry using 

CPFS/D; Medical Graphics Co, Oak Grove Parkway, St Paul, 

MN, USA), health status (using the COPD Assessment test 

[CAT] questionnaire),33 and disability (using the Medical 

Research Council [MRC] dyspnea scale).34

Cognition impairment was evaluated using four vali-

dated psychometric questionnaires:30 1) the Mini Mental 

Status test (MMSE), which assesses spatial and time ori-

entation, attention, and calculation (normal score: $27 

points; moderate cognitive impairment: 24–18 points; 

severe cognitive impairment: ,18 points);35 2) the Clock 

Drawing test, which assesses memory, attention, and 

symbolic representation (normal score: 7–10 points; cog-

nitive impairment: #6 points);36 3) the Trail Making test 

(TMT) A, which assesses visual processing and reproduction 

of numeric sequences (cognitive impairment: $94 seconds);37 

and 4) the TMT B, which assesses cognition flexibility and 

shifting capacity (cognitive impairment: $283 seconds).37

Psychometric data were compared to those of normal 

controls of comparable age obtained from the available 

scientific literature.

The study was approved by the Lung Division, Bussolengo 

General Hospital, Bussolengo, Italy (approval number: 3898, 

November 11, 2011).

Statistics
A sample of $350 consecutive observational units was 

believed to provide a representative sample. Mean values 

± standard deviation (SD) of all variables were calculated 

in each group of subjects. Comparisons between means 

were carried out by parametric (two-tailed t-test) and non-

parametric tests (Welch’s t-test), while analysis of variance 

(ANOVA) and Duncan’s new multiple range test were used to 

compare mean values across the different groups of subjects 

(P,0.05 indicated statistical significance). Mean values of 

all the psychometric scores calculated by decades of age (ie, 

,40, 40–49, 50–59, 60–69, 70–79, and $80 years) were 

compared within groups, and to the corresponding normal 

reference values. Possible relationships between cognitive 

impairment and the following variables was evaluated within 

each group by multiple regression (P,0.005 indicated statis-

tical significance): age, sex, body mass index (BMI), smoking 

habit, forced expiratory volume in the first second (FEV
1
), 

FEV
1
/forced vital capacity (FVC), arterial partial pressure 

of O
2
 (PaO

2
) and CO

2
 (PaCO

2
), CAT score, MRC score, and 

the presence of comorbidities.

Results
The study population consisted of 402 consecutive out-

patient subjects (274 [68.1%] males and 128 [31.9%] 

females), recruited over 18 months (Table 1). Of these 

subjects, 229 had COPD, 127 had CNOB, and 46 were 

AS. Overall, subjects were well-matched for gender, and 

represented the expected characteristics of each condition 

well (COPD, CNOB, and AS) in terms of age, smok-

ing habits, health status, and lung function. The overall 

mean age was 65.6±15.1 years (males: 67.4±15.3 years; 

females: 66.1±14.8 years); the corresponding percent-

age distribution of age is presented in Figure 1. AS were 

slightly younger than subjects with COPD and subjects 

with CNOB (50.6±11.3 years versus 70.5±12.9 years 

and 62.2±15.7 years, respectively). In contrast to the 

other two groups, COPD subjects were characterized 

by a FEV
1
/FVC ratio ,70%. FEV

1
 reversibility from 

baseline after albuterol 400 mcg was +1.2%±1.8% in 

AS, +3.6%±2.3% in CNOB, and +3.4%±4.1% in COPD 

subjects (P= not significant). Overall, the whole population 

was characterized by a moderate impairment of respiratory 

function, both in terms of airway obstruction and blood 
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gases deterioration; this profile was also confirmed by the 

subjects’ overall perception of dyspnea (MRC score) and by 

their claimed level of respiratory health status (CAT score). 

With the exception of mean FEV
1
% predicted and FEV

1
/FVC 

(significantly higher in females than males; P,0.008 and 

P,0.005, respectively) in COPD subjects, and of mean CAT 

scores (significantly higher in females than males; P,0.001) 

in CNOB subjects, no statistically significant differences were 

observed between sexes.

In the whole study population, the cognitive level was 

sex-independent and the extent of cognitive impairment was 

significantly related, although only slightly, to some demo-

graphic and clinical variables (ie, BMI, MRC score, CAT 

score, FEV
1
% predicted, PaO

2
, and PaCO

2
), although none 

of these variables prevailed in affecting the regression results 

(Table 2). The percentage rate of comorbidities assessed is 

Table 1 Main characteristics of the whole study population and of each group of subjects investigated

Whole study  
population  
n=402

AS  
n=46

CNOB  
n=127

COPD  
n=229

Males/females, n 274/128 32/14 84/43 158/71
Ratio 2.1/1 2.2/1 2.0/1 2.2/1
Age, mean (SD) 65.6 (15.1) 50.6 (11.3) 62.2 (15.7) 70.5 (12.9)
Active smokers, % 22.6 100.0 36.3 16.6
Ex-smokers, % 63.7 0.0 40.9 65.5
Non-smokers, % 13.7 0.0 22.8 17.9
BMI, mean (SD) 27.7 (5.7) 26.9 (4.5) 28.8 (6.1) 27.1 (5.6)
MRC score, mean (SD) 2.0 (1.2) 1.1 (0.8) 1.7 (1.2) 2.4 (1.1)
CAT score, mean (SD) 15.3 (6.9) 12.7 (7.1) 14.3 (6.8) 16.4 (6.7)
FEV1% predicted, mean (SD) 68.4 (29.5) 100.0 (15.2) 87.6 (26.2) 54.9 (23.6)
FEV1/FVC, mean (SD) 65.8 (17.0) 77.6 (6.0) 79.8 (9.2) 52.7 (11.9)
PaO2, mean (SD) 71.6 (11.8) 81.5 (6.1) 73.4 (12.1) 69.5 (11.3)
PaCO2, mean (SD) 42.3 (9.7) 38.3 (7.7) 40.8 (7.5) 43.5 (10.6)
Comorbidities, % 64.7 63.0 64.6 65.1

Abbreviations: AS, asymptomatic smokers; BMI, body mass index; CAT, COPD assessment test; CNOB, chronic non-obstructive bronchitis; COPD, chronic obstructive 
pulmonary disease; FEV1, forced expiration volume in the first second; FVC, forced vital capacity; MRC, Medical Research Council; PaCO2, arterial partial pressure CO2; 
PaO2, arterial partial pressure O2; SD, standard deviation.

Table 2 Correlation between demographic and clinical variables 
and psychometric scores in the whole study population (statistical 
significance and r values)

Clock  
Drawing test

MMSE TMT A TMT B

BMI
  P-value ns ns 0.003 0.004
  r - - 0.34 0.17
MRC score
  P-value 0.001 0.001 0.001 0.001
  r -0.34 0.25 0.34 0.41
CAT score
  P-value 0.002 0.05 0.001 0.001
  r 0.16 -0.10 0.18 0.41
FEV1% predicted
  P-value 0.001 0.008 0.001 0.001
  r 0.26 0.25 -0.20 -0.22
PaO2, mmHg
  P-value 0.001 ns 0.02 0.002
  r 0.22 - 0.14 -0.22
PaCO2, mmHg
  P-value 0.02 0.02 0.007 0.04
  r -0.14 -0.4 0.17 0.17

Abbreviations: BMI, body mass index; CAT, chronic obstructive pulmonary disease 
(COPD) assessment test; FEV1, forced expiration volume in the first second; MMSE, 
Mini Mental Status test; MRC, Medical Research Council; ns, not significant; PaCO2, 
arterial partial pressure CO2; PaO2, arterial partial pressure O2; TMT A, Trail Making 
test A; TMT B, Trail Making test B.

reported in Table 1, for the whole sample and for the different 

groups. In particular, cardiovascular/neurological comorbidi-

ties were 37.9% in AS, 51.2% in CNOB, and 56.4% in COPD 

subjects, while psychiatric comorbidities were 3.4% in AS, 

3.6% in CNOB, and 4.0% in COPD subjects.
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Figure 1 Percentage distribution of age, ranging 20–100 years (intervals of 5 years).
Abbreviations: Y, years; incl, included; excl, excluded.
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These comorbidities were equally represented in all 

groups investigated, and thus equally able to affect our data. 

No specific comorbidity was significantly related per se to the 

extent of cognitive dysfunction in the whole study population 

and in each group.

The mean score values calculated for each psychomet-

ric questionnaire in each group of subjects are reported in 

Table 3, together with the corresponding normal reference 

limits and the level of statistical significance for the corre-

sponding multiple comparisons (ANOVA). The prevalence 

of pathological scores, assessed according to each psycho-

metric test, is reported in the same table. Both the extent and 

the prevalence of cognitive impairment were significantly 

different in the three groups of subjects (P,0.001), with 

COPD subjects generally showing the highest extent and 

prevalence of deterioration (COPD . CNOB . AS, Table 3). 

This trend became much clearer when the subjects’ cognition 

was assessed with the TMT A and B, which were proved to 

be the most sensitive investigational tools (Table 3).

Normal reference values of cognitive impairment 

calculated by decades of age ranging from 40 to 79 years 

are available in the literature only for the TMT A and B;38 

therefore, only the scores obtained with these two tests in 

each group of subjects were compared to the corresponding 

normal reference values (Tables 4–6 and Figures 2 and 3). 

Since normal reference values for ages ,40 and .79 years 

are still missing in the scientific literature, experimental 

values for these two ranges of age are reported in Tables 4–6 

without any comparison.

With the TMT A, the extent of cognitive impairment 

was significantly greater in COPD and CNOB subjects 

aged 40–79 years and in AS aged 40–59 years than in the 

corresponding normal controls (Figure 2 and Tables 4–6). 

As mentioned earlier, since normal reference values for sub-

jects aged ,40 and .79 years are missing in the literature, 

experimental data obtained in the present study could not 

be compared to normal controls, and no reliable trend was 

assessed for subjects belonging to these two extreme classes 

of age.

With the TMT B, the extent of cognitive impairment was 

significantly greater in COPD subjects, CNOB subjects, and 

AS aged 40–59 years than in the corresponding normal con-

trols (Figure 3 and Tables 4–6). Further comparisons were 

not possible due to the lack of normal reference values in the 

literature for the TMT B in subjects aged ,40 and .79 years, 

and due to the small number of AS aged 70–79 years.

Discussion
A substantial deterioration in cognition was assessed inde-

pendently of sex in the three groups of subjects suffering 

from chronic airway impairment, although to different extents 

and prevalence. In contrast to what has been previously 

reported,29,37,39 our results suggest that significant cognitive 

impairment may occur starting from the early stages of 

chronic airway damage, even in relatively younger AS. The 

impact on cognition tends to increase with the worsening 

of the airway impairment, and was progressively greater 

in AS, CNOB, and COPD subjects. Our data show that the 

occurrence of a cognitive deterioration of true pathological 

relevance is more frequent than previously thought in subjects 

not characterized by severe airway flow limitation, or severe 

hypoxemia, and/or hypercapnia. This is in agreement with the 

report by Liensker et al, which showed that nonhypoxemic 

subjects with COPD exhibited significant impairment in their 

cognitive performance.40 In the case of AS who were mainly 

defined asymptomatic in terms of their lung function, they 

were nevertheless continually exposed to very complex and 

dangerous substances (such as cigarette smoke) that are also 

known to induce a significant vascular insult when chronically 

consumed. Therefore, the cognitive impairment we assessed 

Table 3 Psychometric test scores, prevalence of pathological scores, and statistical significance

Clock Drawing 
test (score) 
Mean (SD)

% Subjects  
with score #6

MMSE test  
(score) 
Mean (SD)

% Subjects  
with score  
,24

TMT A  
(seconds) 
Mean (SD)

% Subjects  
with score  
$94 seconds

TMT B 
(seconds) 
Mean (SD)

% Subjects  
with score  
$283 seconds

Normal  
reference  
values

7–10 .27 ,94 ,283

AS 9.2 (0.5) 0 28.6 (1.0) 0 76.3 (19.0) 0 164.3 (58.9) 2.2
CNOB 8.2 (2.1) 8.7 27.7 (2.4) 15.7 92.3 (51.7) 34.6 199.5 (109.9) 28.3
COPD 7.2 (2.6)* 16.6 26.9 (3.1)* 32.8 115.1 (60.6)* 49.3 236.2 (111.1)* 40.2
ANOVA *P,0.001 *P,0.001 *P,0.001 *P,0.001

Note: *Significance at P,0.001.
Abbreviations: ANOVA, analysis of variance; AS, asymptomatic smokers; CNOB, chronic non-obstructive bronchitis; COPD, chronic obstructive pulmonary disease; 
MMSE, Mini Mental Status test; SD, standard deviation; TMT A, Trail Making test A; TMT B, Trail Making test B.
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in these subjects is likely only partially related to the sole 

airway involvement during their respiratory asymptomatic 

phase.

In agreement with previous studies,20,22,23 the extent and 

prevalence of cognitive impairment were directly related 

to the specific methodology used for the psychometric 

investigation. The presence of a substantial deterioration is 

more clearly observed using multiparametric psychometric 

measures (ie, the four different questionnaires in the present 

study) that are able to inform on several domains of cognition. 

In particular, when the Clock Drawing Test and both the 

TMT A and B are added to the commonly used MMSE, 

the subjects’ cognitive dysfunction can be measured more 

clearly. To our knowledge, this is the first study in which 

four questionnaires, characterized by different sensitivi-

ties, were administered sequentially to the same sample of 

respiratory subjects to measure their cognitive status. In this 

study, the TMT A and B were the most sensitive tools, and 

their use significantly affected the data on the prevalence 

of subjects characterized by a clear pathological cognitive 

deterioration. This prevalence was significantly higher than 

in healthy subjects, and was strictly related to the severity of 

the respiratory condition (highest in COPD subjects, followed 

by CNOB subjects and AS).

Based on the results of the TMT A and B, substantial 

cognitive dysfunction was slightly related to BMI, in COPD 

subjects with a BMI value ,23 (ie, sarcopenic subjects), and 

in CNOB subjects with a BMI value .39 (ie, overweight 

subjects).

The TMT A and B were also the most sensitive tools 

in assessing any possible relationships within other demo-

graphic, clinical, and lung function variables. In particular, 

Table 4 TMT A and TMT B scores assessed by decades of age in COPD subjects: comparison versus corresponding normal reference 
values and significance levels

Age (years) Group Numbers TMT A 
Mean (SD)

P-value TMT B 
Mean (SD)

P-value

,40 Control - NA NA
COPD 4 66.5 (27.1) - 112.8 (33.4) -

40-49 Control 52 48.9 (23.6) 111.8 (53.9)
COPD 13 73.2 (35.1) 0.002 157.3 (82.8) 0.01

50-59 Control 52 53.8 (26.3) 134.5 (80.1)
COPD 24 96.0 (55.3) 0.001 184.2 (101.9) 0.01

60-69 Control 39 67.3 (28.7) 164.5 (97.4)
COPD 56 99.9 (58.3) 0.001 186.7 (100.3) 0.1

70-79 Control 10 84.6 (23.8) 336.8 (197.8)
COPD 68 110.1 (44.3) 0.004 254.6 (106.4) 0.1

.80 Control - NA NA
COPD 64 155.6 (66.2) - 318.0 (77.9) -

Abbreviations: COPD, chronic obstructive pulmonary disease; NA, not available; SD, standard deviation; TMT A, Trail Making test A; TMT B, Trail Making test B.

Table 5 TMT A and TMT B scores assessed by decades of age in CNOB subjects: comparison versus corresponding normal reference 
values and significance levels

Age (years) Group Numbers TMT A 
Mean (SD)

P-value TMT B 
Mean (SD)

P-value

,40 Control – NA NA
CNOB 11 66.0 (16.1) – 112.8 (33.4) –

40–49 Control 52 48.9 (23.6) 111.8 (53.9)
CNOB 16 62.8 (15.3) 0.01 157.3 (82.8) 0.01

50–59 Control 52 53.8 (26.3) 134.5 (80.1)
CNOB 27 76.6 (26.9) 0.001 184.2 (101.9) 0.01

60–69 Control 39 67.3 (28.7) 164.5 (97.4)
CNOB 25 81.9 (44.8) 0.05 186.7 (100.3) 0.14

70–79 Control 10 84.6 (23.8) 336.8 (197.8)
CNOB 30 105.5 (53.8) 0.05 254.6 (106.4) 0.11

.80 Control – NA NA
CNOB 18 148.9 (72.9) – 318.0 (77.9) –

Abbreviations: CNOB, chronic non-obstructive bronchitis; NA, not available; SD, standard deviation; TMT A, Trail Making test A; TMT B, Trail Making test B.
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the MRC and the CAT score, the FEV
1
% predicted, PaO

2
, 

and PaCO
2
 were found to be slightly related to cognitive 

impairment, particularly in COPD subjects. Nevertheless, no 

variable per se was documented as specifically responsible 

for the onset of any deterioration in cognition.

It has been demonstrated that hypoxia per se has a 

significant effect on memory but not on other mental func-

tions.38 Thus, it can be further speculated that several fac-

tors, variably interacting with each other, might contribute 

to the onset and the progressive worsening of cognition 

in subjects suffering from, or exposed to, chronic airway 

damage.

Our results did not highlight any relationship between 

cardiovascular and/or metabolic comorbidities and significant 

cognitive dysfunction. This is in agreement with the report 

by Dodd et al, which showed that hypoxemia, hypercapnia, 

smoking, and vascular comorbidities are unlikely to account 

per se for the cognitive dysfunction observed in COPD.9

It is important to note that, independently of the role of 

age in determining the physiological decline of cognition, 

Table 6 TMT A and TMT B scores assessed by decades of age in AS: comparison versus corresponding normal reference values and 
significance levels

Age (years) Group Numbers TMT A 
Mean (SD)

P-value TMT B 
Mean (SD)

P-value

,40 Control – NA NA
AS 9 61.6 (15.3) – 107.9 (22.2) –

40–49 Control 52 48.9 (23.6) 111.8 (53.9)
AS 12 70.8 (7.9) 0.05 156.0 (40.0) 0.001

50–59 Control 52 53.8 (26.3) 134.5 (80.1)
AS 15 80.3 (21.9) 0.001 170.3 (71.6) 0.05

60–69 Control 39 67.3 (28.7) 164.5 (97.4)
AS 9 81.3 (17.6) 0.08 188.1 (59.6) 0.25

70–79 Control 10 84.6 (23.8) 336.8 (197.8)
AS 2 100.5 (16.3) 0.3 163.0 (2.8) 0.01

Abbreviations: AS, asymptomatic smokers; SD, standard deviation; TMT A, Trail Making test A; TMT B, Trail Making test B; NA, not available.

<40 40–49 50–59 60–69 70–79 >79

40

50

60

70

80

90

100

110
P<0.002 

P<0.01 

P<0.05

150

P<0.001

P<0.05

P<0.04

P<0.05P<0.001

P<0.01 

P<0.01

Age (years)

Time (seconds)

Figure 2 TMT A test: comparison among the trends of cognitive impairment measured by decades of age (ANOVA) in AS (), CNOB ( ), and COPD subjects () versus 
the corresponding normal reference values ().
Abbreviations: ANOVA, analysis of variance; AS, asymptomatic smokers; CNOB, chronic non-obstructive bronchitis; COPD, chronic obstructive pulmonary disease; 
TMT A, Trail Making test A.
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in all subjects investigated and characterized by respiratory 

conditions of different severity levels, the greatest differ-

ence from normal cognition was observed in subjects aged 

40–69 years. It is remarkable that subjects who are still in the 

active and productive phase of their life may be handicapped 

by a substantial deterioration of their cognitive performance 

due to their respiratory condition. It can then be argued that 

COPD, but also other persistent airway disorders, may act 

as independent risk factors in the impairment of cognitive 

function in this age range.

Our results clearly demonstrate that the substantial 

cognitive deterioration assessed in respiratory subjects 

aged 40–69 years is equivalent to that reported in healthy 

subjects aged 70–79 years. This observation suggests that 

chronic airway involvement, in particular when obstructive 

in nature, may act as a strong aging factor leading to an early 

deterioration of cognition.

Although all the domains of cognition were variably 

affected, memory, attention, symbolic representation and 

visual processing, reproduction of numeric sequences, 

cognition flexibility, and shifting capacity were the most 

affected cognitive functions. This assumption can be of 

strategic value, particularly for COPD subjects who need 

to have a good awareness of their disease, and who are 

increasingly encouraged to self-manage in order to obtain 

maximal adherence to their long-term therapeutic strategies. 

The evidence that COPD subjects may be significantly lim-

ited in their cognition from a younger age can contribute to 

the explanation of why these subjects frequently demonstrate 

insufficient interaction with their caregivers and general prac-

titioners, and why their self-management is frequently inad-

equate even in the presence of persistent mild-to-moderate 

obstructive airway involvement. The psychometric profile of 

COPD subjects, as shown in this study, could also contribute 

to explaining their frequent requests for admission to health 

institutions and the consequent high economic impact.

The present study has some limitations. Lung function 

was checked by complete spirometry; however, measure-

ments of total lung capacity, residual volume, and diffu-

sion capacity were not available for all subjects. A large 

proportion of COPD and CNOB subjects, in particular 

those aged .70  years, were insufficiently compliant to 

these respiratory tests. Thus, lung function measurements 

were available for a small proportion of subjects that was 

not representative of the whole group. Also, lung imag-

ing was not systematically performed in the whole study 

population, mainly due to economic restrictions. These 

limitations did not allow any speculation on the specific 
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Figure 3 TMT B test: comparison among the trends of cognitive impairment measured by decades of age (ANOVA) in AS (), CNOB ( ), and in COPD subjects () 
versus the corresponding normal reference values ().
Abbreviations: ANOVA, analysis of variance; AS, asymptomatic smokers; CNOB, chronic non-obstructive bronchitis; COPD, chronic obstructive pulmonary disease; 
TMT B, Trail Making test B.
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role of emphysema in affecting subjects’ cognition. Another 

limitation was related to the cross-sectional approach of 

this study. Estimation of the economic impact of cognitive 

deterioration in these patients is in progress, together with 

the longitudinal phase of the study, which aims to assess 

the role of long-term respiratory treatments in changing the 

pattern of cognitive dysfunction.

Conclusion
In conclusion, cognition can deteriorate substantially in 

subjects with chronic airway flow limitation (ie, COPD 

subjects), but also in subjects with other milder persistent 

airway disorders (ie, CNOB subjects and AS). The extent and 

the prevalence of this deterioration were directly related to 

the severity of the respiratory impairment. MRC, CAT, BMI, 

FEV
1
, PaO

2
, and PaCO

2
 were the variables contributing to, 

although not individually, the onset and the progression of 

the cognitive impairment.

We believe that the assessment of cognition in subjects 

suffering from chronic airway disorders, in particular of the 

obstructive nature, should enter the routine of diagnostic 

procedures to grade the overall impact of patients’ respira-

tory condition, and to decide the most effective therapeutic 

actions and strategies. Further studies in this field are needed, 

especially studies carried out on subjects suffering from 

chronic airway disorders of different severities, and following 

protocols designed to match multiple respiratory functions 

to multiple domains of cognition.
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