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Abstract 

Background: Although cognitive impairment and dementia are common comorbidities in 

patients with chronic obstructive pulmonary disease (COPD), estimates of incidence following 

a diagnosis of COPD are inconclusive.   

Objective: To determine the incidence of cognitive impairment and dementia in people with and 

without a COPD diagnosis. 

Methods:  A population-based study using UK General Practice (GP) health records from The 

Health Improvement Network database was conducted. Patients with confirmed COPD 

diagnosis, ≥40 years old, were matched to up to four subjects without a COPD diagnosis by 

age, sex and GP practice. Cox proportional hazards models were used to assess the 

incidence rates of cognitive impairment and dementia.  

Results: Of patients with COPD (n=62,148), 9% developed cognitive impairment, compared 

with 7% of subjects without COPD (n=230,076), p<0.001. The incidence of cognitive 

impairment following COPD diagnosis was greater than in subjects without COPD following 

index date (adjusted Hazard Ratio (aHR), 1.21; 95% CI: 1.16 ─ 1.26, p<0.001). The coded 

incidence of either cognitive impairment or dementia was also greater in patients with COPD 

following adjustment for confounders (aHR: 1.13, 95% CI: 1.09 ─ 1.18, p<0.001). Coded 

incident dementia alone was not different between patients with COPD and subjects without 

COPD (aHR, 0.91, 95% CI: 0.83 ─ 1.01, p=0.053).   

Conclusion: Despite the increased incidence of cognitive impairment in patients with 

COPD, incident of dementia was not as frequently recorded in patients with COPD. This 

raises the concern of undiagnosed dementia and emphasises the need for a systematic 

assessment in this population.    
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Introduction 

Cognitive impairment is a common comorbidity in Chronic Obstructive Pulmonary Disease 

(COPD), contributing to greater functional disability (1, 2), increased need for care services 

(3), lower adherence to complex medication regimens (4), worse clinical outcomes (5) and 

predicting mortality in certain COPD populations (6).  

The reported prevalence of cognitive impairment in COPD is estimated between 4% to 61% 

(7, 8), depending on the study populations, assessment methods, and measures of COPD 

severity (9, 10). Current evidence suggests that patients with COPD are at increased risk of 

cognitive impairment and subsequent dementia. However, the existing studies investigating 

the incidence of cognitive impairment and dementia in COPD are limited by methodological 

issues, such as study design, population age, inadequate matching group, and short follow-

up (11-14), meaning that the estimated incidence is caveated.   

Potential mechanisms contributing to impaired cognitive state  in patients with COPD are likely 

multiple and include ageing, co-existent cardiovascular (CV) disease, smoking, hypoxemia 

and hypercapnia (15). Recent evidence suggests that patients with COPD and cognitive 

impairment are at increased risk of developing dementia (11). Identifying the proportion of 

patients with COPD at increased risk of cognitive impairment and dementia is important in 

understanding the broader clinical spectrum of COPD and in providing services that are 

structured to meet patient needs.   

This study aimed to assess the incidence of newly diagnosed cognitive impairment and 

dementia following a diagnosis of COPD and compare this to subjects without COPD using 

primary care electronic health records within the UK.   
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Method 

Data source and study population 

The study population was obtained using The Health Improvement Network (THIN), a UK 

database containing anonymised patient records from over 550 general practices (GPs) (16). 

The index population comprised individuals aged ≥40 years with a new Read-coded COPD 

diagnosis from 1st April 2006 to 31st December 2015, with ≥1 year of record prior to the COPD 

diagnosis (17). Each patient was matched by age, gender and GP practice with up to four 

subjects without a diagnosis of COPD, and each subject without COPD was assigned the 

same index date as the matched patients with COPD. The date at which dementia coding was 

introduced as part of the UK GP quality and outcomes framework (QOF) was used as the start 

of the study period (01-04-2006) (18). Ethical approval was obtained from an independent 

Scientific Review Committee (ref. 17THIN095). 

Outcome measures and follow-up 

Incident cognitive impairment  

Subjects with a code of cognitive impairment and dementia prior to the index date were 

excluded. The first recorded event of cognitive impairment following the index date was 

considered. Subjects were followed-up from the index date until either they received a 

cognitive impairment Read code, left the GP practice, died or reached the end of the follow-

up (31/12/2015), whichever came first.  

Incident dementia 

A former diagnosis of dementia prior to index date was excluded from analyses related to 

dementia incidence. Incident dementia was defined as the first READ coded recorded after 

the index date. 

Diagnosis for both cognitive impairment and dementia were defined based on Read codes in 

consultation with a geriatrician. An inclusive approach was taken where any potentially 

relevant diagnosis was considered.  
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Potential confounders 

Several explanatory variables and potential confounders were extracted including age, gender 

and Townsend social deprivation score at COPD diagnosis (19). Clinical covariates included 

smoking status and the Medical Research Council (MRC) dyspnoea scale (20) recorded 

closest to the index date. A modified Charlson Comorbidity Index (CCI) (21), excluding 

dementia and CV disease (congestive heart failure, myocardial infarction, and peripheral 

vascular disease), was also determined before or at index date. Having received ≥1 

prescription for inhaled corticosteroids or oral corticosteroids within 1 year of index date 

(before or after index date) was also considered as a risk factor.  

Statistical analyses 

The demographic and clinical characteristics of subjects were described in terms of frequency 

or mean and standard deviation as appropriate. Categorical data were compared using 

McNemar's test. Incidence rates were calculated for both groups using Cox proportional 

hazard regression to estimate the hazard ratio (HR) for the risk of cognitive impairment 

following COPD diagnosis. Conditional analyses were conducted to account for matching age, 

sex, and GP surgery. Confounders were included in the final model if they independently 

changed the HR for cognitive impairment by ≥ 5%. Similar analyses were conducted to yield 

the HR of dementia. 

A sensitivity analysis was conducted amongst patients with COPD using the MRC dyspnoea 

score. The incidence of coded vascular dementia was determined in patients with COPD and 

subjects without COPD. STATA 15.0 software (StataCorp LP, College Station, TX, US) was 

used for data management and statistical analyses.  
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Results 

A total of 64,397 patients with COPD and 243,420 subjects without COPD were included in 

the analyses, representing those without a former code of dementia. The characteristics of 

subjects included are presented in Table 1. The whole population had a mean (SD) age of 

65.8 (10.8) and 53% were males. The median follow-up period was 4.4 years across the 

groups. The prevalence of cognitive impairment without a diagnosis of dementia at baseline 

was greater for patients with COPD (n=2,182; 3.4%) than for subjects without COPD (n=6,869; 

2.9%), p<0.001. Dementia was present in 1.1% of patients with COPD compared to 1.7% of 

subjects without COPD, p<0.001. 

Cognitive impairment following index date  

After excluding subjects with former coded cognitive impairment and/or dementia, there were 

62,148 patients with COPD and 230,076 subjects without COPD, and demographics remained 

similar.  

Of patients with COPD, 5,545 (9%) patients had a doctor recorded diagnosis of cognitive 

impairment, compared to 15,693 (7%) of subjects without COPD, p<0.001. The incidence rate 

of cognitive impairment in patients with COPD was 25.1 per 1,000 person-years (95% CI: 

24.3−25.6) compared with 17.6 per 1,000 person-years (95% CI: 17.3–17.9) in subjects 

without COPD.  Patients with COPD were 21% more likely to have a recorded incidence of 

cognitive impairment compared with subjects without COPD (adjusted HR [aHR]: 1.21 (95% 

CI 1.16 to 1.26); p< 0.001; Table 2) following adjustment for confounders. 

The association of MRC dyspnoea score amongst patients with COPD at time of COPD 

diagnosis with cognitive impairment was evaluated. There were 36,621 patients with MRC 

score 1-3 and 4,677 with MRC score 4-5. There was a significantly greater incidence of 

cognitive impairment in patients with MRC score of 4–5 compared to 1-3 following adjustment 

age, sex, socioeconomic class, and smoking. (aHR: 1.10; 95% CI: 1.01 to 1.20; p=0.040). In 

the fully adjusted model, the association was attenuated (Table 3).  
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Dementia following index date 

Following COPD diagnosis, 1,151 (1.8%) from the population of 64,397 had a recorded 

incidence of dementia compared with 4,609 (1.9%) subjects without COPD (n=243,420) 

p=0.077. The incidence rate of dementia in patients with COPD and in subjects without COPD 

was 4.9 per 1,000 person-years. There was no association between patients with COPD and 

incidence of dementia following adjustment for confounders (aHR: 0.91, 95% CI: 0.83 to 1.01; 

Table 2).   

Similar proportions of subjects in both groups with cognitive impairment had an incident 

diagnosis of dementia (around 11%). In patients with COPD, those with diagnosed cognitive 

impairment were seven times more likely to develop dementia than those without cognitive 

impairment (aHR: 7.19; 95% CI: 6.07–8.53; p<0.001). A similar finding was also observed in 

subjects without COPD.  

Following COPD diagnosis, the risk of vascular dementia was greater in patients with COPD 

than subjects without COPD matched for age, gender and GP (HR: 1.27; 95% CI: 1.13–1.44; 

Table 2). This association was attenuated following further adjustments (aHR: 1.14; 95% CI: 

0.94–1.37; p= 0.160).  

Patients with COPD with an MRC score of 4–5 (n=4,949) were at greater risk of incident 

dementia, compared with patients with an MRC score 1-3 (n=37,999), following adjustment 

for confounders (aHR: 1.30, 95% CI: 1.05 to 1.61; Table 3). 

Incidence of either cognitive impairment or dementia 

There were 6,524 (10.50%) patients with COPD (n=62,148) with a record of either cognitive 

impairment or dementia, compared with 19,475 (8.50%) subjects without COPD (n=230,076), 

p<0.001. Patients with COPD were more likely to have a recorded incidence of either cognitive 

impairment or dementia compared to subjects without COPD (aHR: 1.13, 95% CI: 1.09 to 

1.18; Table 2).    

The incidence of either cognitive impairment or dementia was greater in patients with COPD 

with an MRC score of 4–5 compared with patients with an MRC score 1-3, following 

adjustments for age, sex, socioeconomic class, and smoking (aHR: 1.12, 95% CI: 1.02 to 

1.22; p=0.010). CV disease and modified CCI diminished the relationship (Table 3).  
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Discussion 

The coded incidence of cognitive impairment was significantly greater in patients with COPD 

compared to subjects without COPD after adjustment for confounders. In contrast, the 

incidence dementia was not different between patients with COPD and subjects without 

COPD. To the best of our knowledge, this is the first study to investigate this in patients with 

COPD using UK electronic GP records. 

Cognitive impairment is present in 4% of older patients (≥65 years old) with mild COPD (7) 

and up to 61% in patients with COPD and severe hypoxemia (8). This wide variation is likely 

due to the severity of COPD (10), whether cognitive impairment was systematically assessed 

or self-reported, and use of different diagnostic criteria and tools for cognitive impairment (9). 

In addition, studies had different threshold definitions for cognitive impairment, even when 

using the same cognitive assessment tool. The proportion of coded cognitive impairment at 

COPD diagnosis in the GP electronic health records presented in this study (3.4%) was far 

lower than the proportion in clinical studies reported as 40-50% when cognitive impairment 

was systematically assessed (22, 23). This raises a concern of subclinical underdiagnosed 

cognitive impairment, which may lead to a delayed intervention; and consequently, a missed 

opportunity to reduce the impact of cognitive impairment on this vulnerable population.  

Current evidence suggests that patients with COPD are at amplified risk of cognitive 

impairment and even dementia. Our finding that patients with COPD had a higher incidence 

of cognitive impairment is consistent with prior literature (12, 24, 25). A recent study from 

Finland showed that a diagnosis of COPD in midlife was associated with 85% increased risk 

of mild cognitive impairment/dementia in later life (12). However, the latter study incorporated 

self-reported COPD as opposed to a COPD diagnosis that is objectively confirmed. We also 

found that patients with COPD and cognitive impairment were at a greater risk of dementia 

compared with patients with COPD without cognitive impairment. In this context, establishing 

accurate estimates of the proportion of patients with COPD and cognitive impairment could 

help to further understand the clinical relevance of cognitive decline in patients with COPD 

and identify a high-risk group. This is also important to allow for appropriate therapeutic 

interventions and changes in lifestyle, which could prevent or delay the cognitive deterioration 

to clinical dementia.  

There is a growing evidence linking cognitive impairment with COPD, yet literature on 

dementia in COPD is lacking, and prior studies are also limited by study population (13), self-

reported assessment of COPD (12), short or even undefined follow-up time (13, 26), and 

inadequate matching group (27). Contrary to expectations, we found no association between 

COPD and incident dementia. Although at first glance these findings suggest that patients with 
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COPD may not be at a greater risk of dementia, there is a possibility that a dementia diagnosis 

in patients with COPD has been unintentionally missed. It is likely that COPD symptoms may 

predominate and be the central focus during GP visits. In addition, doctors may find limited 

explanatory value in attaching a label of dementia to cognitive impairment in the context of 

multi-system functional decline as COPD progresses.  It is, however, possible that treatment 

opportunities and, in many jurisdictions, the opportunity to access dementia-specific services 

are being missed, ultimately to the detriment of the patient. Therefore, the formalisation of 

dementia might not be addressed accordingly. These findings reinforce the need for a 

systemic assessment to the cognitive state of patients with COPD during routine clinical follow 

up.                          

The association between COPD severity and cognitive impairment has been highlighted (10). 

Hung et al. showed that a self-reported diagnosis of severe COPD (defined by oxygen use 

and limited physical activity) was associated with a rapid cognitive decline (11), highlighting 

the potential increased risk of subsequent dementia. Using MRC dyspnoea score as a severity 

measure (20), our study is consistent that those with more breathlessness were at greater risk 

of cognitive impairment and dementia compared to those with a better MRC score. This finding 

has potential important clinical implications, as cognitive impairment and dementia interfere 

with patient’s ability to adhere to their medications and manage their own disease (4, 28), 

which may consequently lead to worse health outcomes (6, 7). 

Patients with COPD usually present with a smoking history and have a wide range of 

comorbidities, one of which is CV disease (29). As expected, in this study, the proportions of 

current smoking and CV disease were greater in patients with COPD and these confounders 

attenuated the association with vascular dementia. Because COPD and CV comorbidities 

share similar risk factors and patients with COPD are more likely to be predisposed to 

cardiovascular events (30), it is therefore difficult to determine whether COPD is associated 

with increased risk of vascular dementia. Although It is unlikely for CV comorbidities or 

smoking per se to account for the vascular dementia in COPD, it is important to encourage 

healthcare professionals to identify and manage any modifiable risk factors. 

A recent cross-sectional study suggested a different pattern of cognitive impairment, across 

domains to those seen in Alzheimer’s Dementia (31). Establishing whether patients with 

COPD has a specific pattern of cognitive impairment is indeed of clinical importance, as each 

type of cognitive impairment may be assessed, managed, and approached differently.    
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Strengths and limitations 

A strength of this study is that using electronic primary care health records provides a 

representative sample for the general UK COPD population (16). The data source includes 

longitudinal data on various potential risk factors, such as demographic factors and medical 

conditions. Further, the analyses adjusted for a wide range of potential confounders. Patients 

with COPD from 2006 onwards were included, after QOF had been already established, 

meaning that COPD diagnoses were based on spirometry (17). However, there is still a 

possibility of COPD misdiagnosis (32). In addition, retrospective analyses based on medical 

records that were mainly collected for administrative purposes rather than research are subject 

to some limitations. There is a possibility that free text (which is largely inaccessible for 

research due to issues around patient confidentiality) instead of Read codes may be used to 

record this information. Although QOF was introduced to improve the quality of recording, 

some variables used in this study may have changed from the last recorded coded entry, such 

as self-reported smoking. The possibility of residual confounding of important risk factors, such 

as hypoxia, cannot be excluded. Information on oxygen saturations and oxygen therapy are 

not well recorded in READ codes; thus, these factors could not be adjusted for in the analyses.  

Conclusion 

In this large population-based study, patients with COPD were associated with increased risk 

of incident cognitive impairment, whereas no association was observed with dementia. This 

highlights the potential likelihood of under-diagnosis of dementia with missed opportunity for 

proper intervention and underlining the need to accurately estimate the proportion of patients 

with COPD and dementia with a systematic assessment.     
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Table 1. Demographic and clinical characteristics for patients with COPD and subjects without 
COPD without a prior code of dementia, matched by age, gender and GP surgery 

Characteristics Patients with COPD  Subjects without COPD  

n = 64,397   % n = 243,420 % p-value 

Age at diagnosis (years) 66.4 (10.9)  65.7 (11)   

Follow-up  

(years, median, IQR) 

4.4  2.3 ─ 6.7 4.4 2.3 ─ 6.7  

Gender      

Male 34,071 52.91 127,707 52.46  

Female 30,326 47.09 115,713   47.54  

Townsend score      

1 least deprived 10,456 16.24 59,169 24.31  

 

<0.001 

2 11,397 17.70 54,267 22.29 

3 13,032 20.24 47,880 19.67 

4 14,693 22.82 42,350 17.40   

5 most deprived 12,363 19.20 29,684   12.19 

Unknown/missing 2,456 3.81 10,070   4.14  

MRC dyspnoea score  

1–3 37,999 59.01 2,619 1.08  

<0.001 4–5 4,949 7.69 172   0.07 

Missing 21,449 33.31 240,629   98.85  

Smoking status  

Never smoked 5,346 8.30 114,125 46.88  

<0.001 Ex-smoker 35,008 54.36 87,705 36.03 

Current smoker 23,971 37.22 33,928 13.94 

Unknown 72 0.11 7,662 3.15  

Modified CCI      

0–1 43,959   68.26 177,949 73.10  

<0.001 2 10,266 15.94 35,362 14.53 

3 5,356 8.32 16,920 6.95 

≥ 4 4,816 7.48 13,189 5.42 

Medications  

Oral corticosteroids 27,229 42.28 15,808 6.49 <0.001 

Comorbidities  

Diabetes mellitus 8,395 13.04 38,505 12.33 <0.001 

CV disease (CHF, IHD, PVD) 16,253 25.24 34,862 15.82 0.001 

Cerebrovascular disease 5,321 8.26 13,632 5.60 <0.001 

Abbreviations: CCI, Charlson comorbidity index; CHF: chronic heart failure; CV: cardiovascular; IHD: Ischemic 

heart disease; IQR, interquartile range; MRC: Medical Research Council; PVD: peripheral vascular disease 
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Table 2. Univariate and multivariate Cox regression models of the incidence of cognitive 

impairment, dementia alone, either cognitive impairment or dementia, and vascular dementia 

for patients with COPD compared with subjects without COPD 

 

 

 

Number of 

events 

 

Rate/1000  

person-years 

 

Crude HR  

(95% CI) 

 

Fully adjusted  

HR (95%CI) 

 

P value 

 

Cognitive impairment 

 

Subjects without 

COPD 

 

15,693 

 

17.6 

(17.3 to 17.9) 

 

1.00 

 

1 

 

 

Patients with COPD 

 

5,545 

 

25.1 

(24.3 to 25.6) 

 

1.47 

(1.43 to 1.52) 

 

1.21 

(1.16 to 1.26) a 

 

<0.001 

 

Dementia 

 

 

Subjects without 

COPD 

 

4,609 

 

4.9 

(4.7 to 5.1) 

 

1 

 

1 

 

 

Patients with COPD 

 

1,151 

 

4.9 

(4.7 to 5.2) 

 

1.01 

(0.94 to 1.07) 

 

0.91  

(0.83 to 1.01) b 

 

0.053 

 

 

Cognitive impairment or dementia 

 

 

Subjects without 

COPD 

 

19,475 

 

22.1 

(21.7 to 22.4) 

 

1 

 

1 

 

 

Patients with COPD 

 

6,524 

 

29.7 

(29.1 to 30.4) 

 

1.39 

(1.34 to 1.43) 

 

1.13  

(1.09 to 1.18) c 

 

<0.001 

 

Vascular Dementia 

 

 

Subjects without 

COPD 

 

1,396 1.4  

(1.4 to 1.5) 

 

1 

 

1 

 

 

Patients with COPD 

 

426 

 

1.8 

(1.6 to 2.1) 

 

1.27 

(1.13 to 1.44) 

 

1.14  

(0.94 to 1.37) d 

 

0.160 

Crude HR: Cox regression models-derived HR was adjusted for age, sex and GP. 

Fully adjusted:  
a Multivariate Cox regression-derived HR was adjusted for age, sex, GP, smoking status, modified CCI, CV disease, corticosteroid 

use, and socioeconomic class. 
b Multivariate Cox regression-derived HR was adjusted for age, sex, GP, BMI, smoking status, modified CCI, CV disease, and 

socioeconomic class. 
c Multivariate Cox regression-derived HR was adjusted for age, sex, GP, BMI, smoking status, modified CCI, CV disease, 

corticosteroid use, and socioeconomic class 
d Multivariate Cox regression-derived HR was adjusted for age, sex, GP, smoking status, modified CCI, CV disease, and 

socioeconomic class 

Abbreviations: BMI: body mass index; CCI, Charlson comorbidity index; CI: confidence interval; CV: cardiovascular; GP: general 

practice; HR: hazard ratio 
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Table 3. Comparison of incidence of cognitive impairment, dementia, and either cognitive 

impairment or dementia in patients with COPD according to MRC dyspnoea score (1–3 vs. 4–5)  

 
MRC dyspnoea score 

 
Adjusted HR (95% CI) 

 
Fully adjusted HR (95% CI) 

 
P value 

 
 Cognitive impairment 

 
1–3 

(n = 36,621) 
 

 
 
1 

 
 
1 

 
 

 
4–5 

(n = 4,677) 

 
 

1.11 (1.02–1.22) 

 
 

1.03 (0.93–1.13) a 

 
 

0.522 

 
Dementia 

 
1–3 

(n = 37,999) 
 

 
 
1 

 
 
1 

 

 
4–5 

(n = 4,949) 

 
 

1.31 (1.06–1.61) 

 
 

1.30 (1.05–1.61) a 

 
 

0.012 

 
Either cognitive impairment or dementia 

 

 
1–3 

(n = 36,621) 
 

 
1 
 

 
1 
 

 
 
 

 
4–5 

(n = 4,677) 

 
1.14 (1.04–1.24) 

 
1.07 (0.98–1.16) a 

 
0.131 

Adjusted HR: Cox regression models-derived HR was adjusted for age and sex. 

Fully adjusted: 

a Multivariate Cox regression-derived HR was adjusted for age, sex, BMI, smoking status, modified CCI, CV disease, 

corticosteroid use, and socioeconomic class. 

Abbreviations: BMI: body mass index; CCI: Charlson comorbidity index; CI: confidence interval; CV: cardiovascular; GP: 

general practice; HR: hazard ratio; MRC: Medical Research Council. 
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