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ABSTRACT 
 
Background: Cognitive dysfunction is an important systemic effect of Chronic Obstructive Pulmonary 
Disease (COPD). The study aimed to investigate cognitive functioning in specific cognitive domains in 
COPD patients with different severity of disease. 

Materials & Method: Thirty one COPD patients with FEV1≥ 50%, twenty nine COPD patients with 
FEV1<50% and thirty controls were matched for age, sex, education .Baseline cognitive functioning was 
compared between COPD patients with different severity of disease and controls using a detailed neuro-
psychological testing battery. 

Statistical analysis: All three groups were compared by one way analysis of variance (ANOVA) for 
demographic and cognitive parameters. Pearson and Spearman rho correlation were done to assess rela-
tion between clinical, demographic characteristics and cognitive parameters.  

Result: The group with COPD FEV1<50% scored significantly lower on Trial making B, copying land-
mark, memory , Stroop Colour Interference test (p<0.001) compared to the controls and COPD patients 
with FEV1≥50%.Further,FEV1 showed significant correlation with MMSE ,MOCA, Trail making B and 
copying landmark. 

Conclusion: The decline in pulmonary function is associated with cognitive dysfunction and an impair-
ment of cognition increases significantly with the advancement of the disease. 
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INTRODUCTION 

Cognition is a collective term for high-order neural 
processes that underpin information handling. In 
practice, cognitive abilities are mainly inferred 
from behaviour, which itself is determined by a 
wide variety of neurological, psychological and 
emotional factors.1 The relationships between the 
many processes involved in an everyday cognitive 
task are complex, but cognitive ability is usually 
broken up into discrete domains, as it is rarely pos-
sible to study single domains in isolation.  

Chronic Obstructive Pulmonary Disease (COPD 
has been traditionally considered as a disease pri-
marily affecting the lungs however its systemic 
effects have been increasingly recognized with di-

verse manifestations involving various body sys-
tems distant from the lung. The brain, in particular, 
may be vulnerable to the systemic effects of 
COPD.2,3  

Cognitive impairment has been demonstrated in 
77% of patients with COPD and hypoxemia.4 

Cognitive impairment in COPD has been associ-
ated with higher mortality and disability.5,6 The 
cognitive dysfunction is seen to increase with se-
verity of disease and level of hypoxemia.7 Hy-
poxemia and hypercapnia both appear to aggravate 
cognitive dysfunction in COPD as suggested by 
neuroimaging studies which found that adults with 
severe COPD may develop alteration in brain per-
fusion due to hypoxemia leading to cognitive im-
pairment.8  
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In COPD patients a decline has been seen primar-
ily in reaction time, short and long-term memory, 
abstract reasoning skills and complex visual motor 
processes. 

Although there exist a plausible link between 
COPD and cognitive impairment, the existing lit-
erature is limited by methodological issues such as 
diagnostic uncertainty, cross sectional design, small 
sample size, or lack of appropriate referent group. 
We hypothesised that there is relationship of level 
of hypoxemia and cognitive functioning. 

The study aimed to assess prevalence of cognitive 
dysfunction in patients with COPD and also to 
assess cognitive impairments in patients with dif-
ferent severity of COPD. 

 

MATERIALS AND METHODS 

A hospital based prospective study was done on 
thirty one COPD patients with FEV1≥50%, 
twenty nine with FEV1<50% and thirty healthy 
controls. Controls were matched with COPD pa-
tients for age, level of education, IQ and socioeco-
nomic background.Institutional ethical clearance 
was obtained for study by institutional review 
board. The purpose of the study was explained to 
both the groups and explicit written consent was 
obtained thereof. 

The inclusion criteria for cases were 

• Stable COPD patients who were diagnosed 
and staged as per GOLD (2013) guidelines9 
with no exacerbation for past two months.  

• Age of 30-60 years. 
• Atleast Primary School Education.  

The controls were enrolled during the same 
study period as COPD patients, with normal 
spirometric pulmonary functions and without 
any lung disease (present or any time in past). 
Both the groups underwent a thorough clinical 
examination to rule out psychopathology, 
chronic debilitating medical disorders, endo-
crinal disorders, history of alcohol/drug abuse 
and any medication known to affect cognition 
and any co morbidity and/or complications of 
COPD. 

 
All the patients were subjected to post-
bronchodilatior spirometry (Vitalograph Compact 
Buckingham, England) and were staged as per 
GOLD guidelines, 20139 .The spirometric parame-
ters recorded were FEV1 (litres), FVC (litres), 
FEV1/FV Cratio (percent predicted), FEF 25% 

75% (litres/sec) and peak expiratory flow (PEFR) 
(litre/sec). Based on FEV1 two subgroups were 
formed one with FEV1≥50% and another with 
FEV1<50%. 

Cognitive impairment was evaluated by validated 
psychometric questionnaire. 

These neuropsychological tests assessed cognitive 
domains of memory, verbal tasks, attention, execu-
tive functioning and mental flexibility. A Psycho-
metric Test Battery was performed in a fixed se-
quence and lasted for approximately 50 minutes.  

• Monteral Cognitive Assessment Test (MOCA)10 
• Standardized Mini Mental Status Examination 

(MMSE) 11 
• Digit Symbol Substitution Test of Wesher 

Adult Intelligence Scale12 
• Trail Making Test B of Haldstead Reirtan B13 
• Stroop Color Interference Test14 

 

The study population was subdivided into two 
group based on severity of the disease: group 1 
with mild to moderate COPD with FEV1 ≥50% 
and group 2 with severe and very severe COPD 
with FEV1<50%. 

Statistical Analysis: Statistical analysis was done 
using SPSS version 18, statistical software (SPSS, 
Inc., Chicago, USA). Comparisons between means 
were carried out by parametric (two-tailed t-test) 
and nonparametric tests (Mann Whitney test), 
while analysis of variance (ANOVA) was used to 
compare mean values across the COPD with dif-
ferent severity (P<0.05 indicated statistical signifi-
cance). The Pearson Correlation analyses were 
used to find the association between parametric 
variables with normal distribution. 

 

RESULT 

The mean age of the study population was 
62±1.14 year. The demographic characteristics of 
study population, controls and the two groups of 
COPD are summarized in table 1. 

The Group of COPD patients with FEV1 ≥50% 
included 11 patients of stage I, 20 patients in stage 
II, while Group with FEV1<50% included 21 pa-
tients with stage III and 8 patients in stage IV of 
COPD as per GOLD staging. The three groups 
were statistically similar with respect to age, sex, 
smoking, education level and BMI (p > 0.05). 

 
 



 
 
NATIONAL JOURNAL OF MEDICAL RESEARCH   print ISSN: 2249 4995│eISSN: 2277 8810 

NJMR│Volume 5│Issue 1│Jan – March 2015 Page 3 
 
 

Table 1: Demographic characteristics in the control group and mild-to-moderate and severe COPD groups 

Variable Control 
(n=30) 

COPD patients with
FEV1≥50% (n=31) 

COPD patients with
FEV1<50% (n=29) 

Age (Years) 62±1.18 64±2.12 61±2.22 
Sex(M/F) 19/11 15/16 18/11 
Education(1-6) 4 4 4
Smoking (Packs/Year) 36.45±14.48 36.66±1014 38.94±12.34 
FEV1% predicted  104±12.24 62.12±2.24* 48±1.2±4.42*,+ 
FVC% predicted 94.24±10.12 74.46±8.86* 52±18±6.64*,+ 
FEV1/FVC 90.12±8.84 62.14±6.24* 48.14±11.24*,+ 
BMI (Kg/m2) 20.13±0.74 21.14±2.1 18.21±0.7 
FFMI (Kg/m2) 20.18±0.21 19.94±0.28 12.22±2.22 
Resting SpO2 98.1±1.25 96±2.22* 90.12±1.22* 
ANOVA, analysis of variance; Data are presented as means ± SD ; *P <0.01 vs. control group; +P < 0.01 vs. mild-to moderate 
group.BMI=Body Mass Index, COPD=Chronic Obstructive Pulmonary Disease, Education (0-6) score 1=primary school 
6=university. 
 
Table 2: Clinical characteristics on neuropsycho battery of test in controls and subgroups of 
COPD with different severity of disease 

Parameter  Controls COPD with FEV1≥50% COPD with FEV1<50%
Orientation 5.5±0.7 5.2±1.4 4.8±1.2 
Attention 5.4±0.4 4.8±1.2* 3.6±1.2 
Language 4.2±0.8 3.6±1.0 2.8±0.9+ 
Memory (Delayed Recall) 3.9±0.4 2.9±0.8 2.4±0.4+ 
Conceptual 1.4±0.1 1.2±0.2 0.8±0.4 
Copying landmark 4.2±0.4 3.6±1.2* 2.8±0.4* 
Color-Stroop 
Time In Sec Error 

22.5±0.76
2.2±0.96 

26.4±4.12
3.23±0.30 

32.4±6.42 
9.24±4.44 

Trial B sec  94±52.24 122.24±73.56* 223.44±26.56*,+ 
Digital Symbol Substitution Test n/time 47.14±1.12 42.44±1.68 28.42±2.24 
MOCA Score 28.54±1.58 24.41±3.52* 18.70±2.14*,+ 
MMSE Score 28.78±0.98 26.16±2.22* 22.16±2.24*,+ 
*P <0.01 vs. control group; +P < 0.01 COPD group with FEV1<50% vs. COPD patients with FEV1≥50% group. 
Data are presented as means Mean± SD.  
 

Table 2 summarizes that the cognitive scores for 
copying landmark, Trail making B and were sig-
nificantly lower in the COPD patients with 
FEV1≥50% (p < 0.01) and COPD patients with 
FEV1<50% (p < 0.01) groups compared with the 
control group. On analysis the two subgroups of 
COPD we observed that the score on MOCA and 
MMSE were significantly lower in the COPD 
group with FEV1<50% than in the COPD group 
with FEV1≥50% (p < 0.01).  

 

 

(a)    (b)   (c) 

Fig1: Drawing of clock by control group (a), 
COPD patients with FEV1 with≥50% (b) and 
COPD patients with FEV1<50%(c). 

 

Fig 1 shows the impairment of drawing of clock 
subtest on MOCA by COPD subgroups compared 
to controls. The relatively preserved cognitive do-
mains of memory (delayed recall after 20 minutes) 
and verbal task (naming, word generation and flu-
ency) of group of COPD with FEV1≥50% were 
affected in COPD group with advance form of 
disease with FEV1<50%. 

The Strength of association of severity of disease 
with neuropsycho battery test to assess various 
cognitive domains in COPD patients was done by 
Pearson correlation coefficient. The correlate of 
lung function indexes such as FVC, FEV1, FEV1/ 
FVC ratio, with the cognitive battery of test re-
vealed, that there was a statistical significant FEV1 
had stronger association compared to resting oxy-
gen saturation with MMSE (r=0.68 vs r=0.42), 
MOCA (r=0.78 vs r=0.56), copying landmark 
(r=0.65 vs r=0.32) as summarized in table 3. Trail 
making B had an significant inverse correlation 
with all FVC, FEV1/FVC (p<0.01) and baseline 
saturation (p<0.001).  
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Table3: Correlation between parameters of severity of COPD and psychometric tests in the 
whole study population. 

Parameters  MMSE Score MOCA Score Trial making B Copying landmark Color stoop interference
FEV1 0.68** 0.78** -0.32** 0.65** 0.14
FVC 0.44 0.66* 0.12* 0.44 0.12
FEV1/FVC 0.24* 0.46* 0.01* 0.04 0.22
Resting SpO2 0.42** 0.56** -0.22** 0.32** 0.24
Analysis by Pearson correlation coefficient: *p is significant at p<0.01,**p is significant at p<0.001(2 tailed). 
 

Fig 2: Scatter plot to depict correlation of between the FEV1 (litres) and MMSE score and MOCA 
scores in study population. 

 

Fig 2 shows the strength of association of MMSE 
and MOCA score with FEV1 in the study popula-
tion. 

 
DISCUSSION 

Chronic obstructive pulmonary disease has been 
found to cause a general cognitive decline affecting 
specially the cognitive functions of learning, visu-
ospatial and constructional abilities, executive 
functions, and language skills.15,16 In our study, we 
tested this hypothesis and found that severity of 
disease have greater effects on cognitive domains 
than the milder form of disease. 

The incidence of cognitive impairment in patients 
with COPD varies in different studies 

from 12% to 88% according to specific diagnostic 
criteria adopted, the methods used for assessing 
the impairment, and the number of subjects inves-
tigated.6 

In our present study, we observed that although all 
the domains of cognition were variably affected 
psychomotor processing with visuospatial and mo-
tor constructional abilities, were the most affected 
cognitive functions which can be attributed to 
frontal hypoperfusion in patients with COPD.8,16  

We observed that in early stages of COPD, cogni-
tive impairment is often limited to attention prob-
lems and information processing speed but as dis-

ease progresses the impairments become more 
severe and diffuse. Memory and language which 
were intact in early stages of the disease were im-
paired in patients with severe form of disease (ta-
ble 2).  

These findings agree with those of previous stud-
ies1,5,9 suggesting that the regions of brains impli-
cated in encoding, consolidation, storage and re-
trieval of information (transentorhinal, parahippo-
campal gyrus and entorhinal cortexes) are affected 
by chronic hypoxemia. This cumulative loss of 
neurons and their connections results in hippo-
campal atrophy in the early stage of the disease, 
while the structural change converts to the func-
tional deterioration in the later stage.17,18  

 Some researchers reported that the FVC, FEV1 
and DLCO in patients with COPD are correlated 
with cognitive dysfunctions19,while others have 
failed to find significant association between lung 
parameters (FEV1, FVC) and cognitive impair-
ment.20,21 

 

LIMITATIONS OF THE STUDY 

Our study had several limitations that should be 
acknowledged. First, our sample size was small, 
which may partially account for weak association 
between some measures in our study. Although 
participants were stringently selected to avoid the 
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influence of possible confounding variables, such 
as diabetes, cerebro-vascular disease and major 
chronic diseases, there is a possibility that other 
chronic or subclinical diseases which were not in-
cluded in the analysis may also have contributed to 
cognitive decline.  

We did not perform neuroimaging studies in our 
study population to identify regions of brain which 
play a critical role in the neural control of cognitive 
function. However, it was costly and is not usually 
recommended for COPD patients. 

 

CONCLUSION 

In the present study, we found a highly significant 
correlation of baseline oxygen saturation and 
FEV1 with trail making, copying landmark, MMSE 
score, MOCA score. Thus suggesting that low lung 
functioning may contribute to cognitive disorders 
by decreasing the oxygen delivery to brain neurons 
with the risk of cognitive impairment increases 
with decreasing oxygen desaturation.  

Based on our observation; we would like to sug-
gest that a routine inclusion of the neuropsy-
chological battery of test can be helpful for plan-
ning therapeutic and optimal care programs for 
COPD patients with cognitive impairment. We 
hope that our study help to implicate the impor-
tance of the assessment of cognition in subjects 
suffering from COPD. 

 

REFERENCES 

1. Hung WW, Wisnivesky JP, Siu AL, Ross JS. Cognitive 
decline among patients with chronic obstructive pulmo-
nary disease. Am J Respir Crit Care Med. 2009;180:134–
137. 

2. Moss M, Franks M, Briggs P, Kennedy D, Scholey A. 
Compromised arterial oxygen saturation in elderly 
asthma sufferers results in selective cognitive impair-
ment. J Clin Exp Neuropsychol. 2005;27: 139–150. 

3. Incalzi RA, Chiappini F, Fuso L, Torrice MP, Gemma A, 
Pistelli R.Predicting cognitive decline in patients with hy-
poxaemic COPD. Respir Med. 1998;92:527–533. 

4. Grant I,Priganato GP,Heaton RK,McSweeny AJ,Wright 
EC,Adam KM.Progressive neuropsychological impair-
ment and hypoxemia.Relationship in chronic obstructive 
pulmonary disease.Arch Gen Psychiatry 1987;44:999-
1006 

5. Antonelli-Incalzi C, Corsonello A, Pedone C. Drawing 
impairment predicts mortality in severe COPD. Chest 
2006; 130:1687-94. 

6. Hynninen KM, Breitve MH, Wiborg AB, Pallesen S, 
Nordhus IH. Psychological characteristics of patients 

with chronic obstructive pulmonary disease: a review. J 
Psychosom Res 2005;59:429-43 

7. Grant I,Healton RK,Mc Sweeny AJ,Adam KM,Timms 
RM.Neurophysiological Finding In hypoxemic chronic 
obstructive pulmonary disease.Arch Intern 2009;180:134-
7 

8. Ortapamuk H, Naldoken S. Brain perfusion abnormali-
ties in chronic obstructive pulmonary disease: compari-
son with cognitive impairment.Ann Nucl Med. 
2006;20:99–106. 

9. Global strategy for the diagnosis, management and pre-
vention of COPD .NHLBI/WHO Workshop report. 
Global initative for COPD. National Institutes of Health, 
2006.Available from URL:http//www.gold.com 

10. Nasreddine, Z. S., Phillips, N. A., Bédirian, V., Charbon-
neau, S., Whitehead, V.,Collin, I. The Montreal Cognitive 
Assessment: a brief screening instruments for mild cogni-
tive impairment. Journal American Geriatric 
Soc.2005;53:695-699. 

11. Folstein MF, Folstein SE, McHugh PR.“Mini-Mental 
State.” A practical method for grading the cognitive state 
of patients for the clinician. J Psychiatr Res 1975;12:189-
98 

12. Wechsler D. New York, NY: Psychological Corporation; 
1981. WAIS-R manual. 

13. Reitan RM. Validity of the Trail Making Test as an indi-
cator of organic brain damage. Percept Mot Skills. 
1958;8:271–276. 

14. Jensen AR,Rohwer WDD. The Stroop Color Word Te-
set:A review.Acta Psychologica1966,25;36-93 

15. Antonelli-Incalzi R, Corsonello A, Trojano L,Pedone 
C,Acanfora D et al. Screening of cognitive impairment in 
chronic obstructive pulmonary disease. Dement Geriatr 
Cogn Disord 2007;23,:264-70. 

16. Hung WW, Wisnivesky JP, Siu AL, Ross JS. Cognitive 
decline among patients with chronic obstructive pulmo-
nary disease. Am J Respir Crit Care Med 2009, 180; 134-
37. 

17. Li J, Huang Y, Fei GH. The unique alterations of hippo-
campus and cognitive impairment in chronic obstructive 
pulmonary disease. Respir Res 2013;14:140 

18. Ozge C, Ozge A, Unal O. Cognitive and functional dete-
rioration in patients with severe COPD. Behav Neurol 
2006;17:121-130. 

19. Richards M, Strachan D, Hardy R, Kuh D, Wadsworth 
M. Lung function and cognitive ability in a longitudinal 
birth cohort study. Psychosom Med 2005;67: 602–8. 

20. Orth M, Kotterba S, Duchna K, Widding W,Rasche 
K,Schulze –Weninghaus G et al . Cognitive deficits in pa-
tients with chronic obstructive pulmonary disease 
(COPD). Pneumologie 2006;60:593–9. 

21. Liesker JJW, Postma DS, Beukema RJ, ten Hacken NH, 
van der Molen T, Riemersma RA et al. Cognitive per-
formance in patients with COPD,” Respir Med 
2004;98:351–6.

  




