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Purpose: People with COPD are at a higher risk of cognitive dysfunction than the general population. However, the additional impact
of dementia amongst such patients is not well understood, particularly in those admitted with a COPD exacerbation. We assessed the
impact of coexisting dementia on inpatient mortality and length of stay (LOS) in patients admitted to hospital with a COPD
exacerbation, using the United States based National Inpatient Sample database.
Patients and Methods: Patients aged over 40 years and hospitalised with a primary diagnosis of COPD exacerbation from 2011 to
2015 were included. Cases were grouped into patients with and without dementia. Multivariable logistic regression analysis, stratified
by age, was used to assess risk of inpatient deaths. Cox regression was carried out to compare death rates and competing risk analysis
gave estimates of discharge rates with time to death a competing variable.
Results: A total of 576,381 patients were included into the analysis, of which 35,372 (6.1%) had co-existent dementia. There were
6413 (1.1%) deaths recorded. The odds of inpatient death were significantly greater in younger patients with dementia (41–64 years)
[OR (95% CI) dementia vs without: 1.75 (1.04–2.92), p=0.03]. Cases with dementia also had a higher inpatient mortality rate in the
first 4 days [HR (95% CI) dementia vs without: 1.23 (1.08–1.41), p=0.002] and a longer LOS [sub-hazard ratio (95% CI) dementia vs
without: 0.93 (0.92–0.94), p<0.001].
Conclusion: Dementia as a comorbidity is associated with worse outcomes based on inpatient deaths and LOS in patients admitted
with COPD exacerbations.
Keywords: chronic obstructive pulmonary disease, exacerbation, morbidity, length of stay

Plain Language Summary
People with COPD, a smoking related lung disease, are more at risk of developing dementia, but not much is known about what effects
this has in such people. We looked to assess the impacts of dementia in people who were admitted to hospital with a flare up of COPD.
Patients admitted with a flare-up who also had dementia were more at risk of death and had a longer length of stay when compared to
those without dementia. This is an important finding, as it highlights there is a need to recognise this at-risk group of patients and
possibly develop a more tailored care plan.

Introduction
Chronic obstructive pulmonary disease (COPD) is a complex, multisystem disorder that is associated with an increasing
morbidity and mortality.1 It is clear that comorbidities in COPD contribute to the disease burden.2 Therefore, systematic
research into the effects of co-existing conditions in COPD is of great importance, particularly as it may help guide long
term management.
Cognitive impairment is a well-documented comorbid state for those with COPD. However, its impact on patients
with COPD is less clear, with only a few studies having directly examined this in patients with COPD and the association
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reported has been inconsistent.3–6 One possibility is that cognitive impairment in such patients is often reported to be
mild or subclinical and so may not contribute to the overall disease pathology.7 However, there is evidence to suggest that
the presence of altered cognition impairs important aspects of disease management that in turn may result in a worse
health related outcome. The management of COPD often requires individuals to learn new skills such as inhaler
techniques, as well as to organize, and execute essential self-care functions.8,9 Inability to carry out these functions
can result in poor adherence to medications. Cleutjens et al demonstrated patients with COPD and cognitive dysfunction
had a worse dropout rate from pulmonary rehabilitation programmes compared to controls, attributing this to frailty and
a limited ability to plan and execute complex functions.10
Whilst literature reporting potentially negative impacts of altered cognition in COPD exists, studies on the direct
effects of dementia as a comorbidity on morbidity and mortality are lacking. Further, to our knowledge no study
assessing the effects in patients with an exacerbation of COPD exist. This study assesses the impact of coexisting
dementia on hospital related outcomes, such as inpatient mortality and length of stay in patients admitted with a COPD
related exacerbation, using a United States (US) based national inpatient dataset.

Materials and Methods
National Inpatient Sample Database
Hospital discharge records from 2011–2015 of the National Inpatient Sample (NIS) database, part of the Healthcare Cost
and Utilization Project (HCUP), were accessed to carry out retrospective analysis. The NIS is maintained by the Agency
for Healthcare Research and Quality and is a large all-payer inpatient healthcare database in the United States of America
(USA), consisting of records on inpatient utilisation, charges, quality, and outcomes.11 The data are collected through
a multi-staged, clustered, stratified sampling method. In 2011, all discharge records from 20% of sampled hospitals were
obtained and from 2012 onwards, 20% of discharge records from all US hospitals in the HCUP universe were retained.
Individual records represent discharges from hospital and the lack of unique patient identifiable details mean that each
inpatient admission (including readmissions) is regarded as a separate record. Each discharge record comprises up to 30
diagnoses and 15 procedures, all coded using the International Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) for 2011–2015 (1st-3rd yearly quarters) or ICD-10-CM for 2015 (4th yearly quarter). On
October 1, 2015, hospital administrative data began using ICD-10-CM codes, which is why the database contains both
coding systems. The NIS data are entirely de-identified, making no Institutional Review Board approval necessary for
this study. However, permission for access to the database is granted once the user(s) sign a data-use agreement and
complete an online training module on data protection.

Study Population
Patients aged over 40 years who were admitted to hospital between January 1, 2011 and December 31, 2015, with
a primary diagnosis of acute exacerbation of COPD (ICD-9-CM codes 490, 491.21 and 491.22 and ICD-10-CM codes
J44.0, J44.1 and J44.9) were included. The ICD classification system has been validated and previously used in
identification of cases with acute exacerbations of COPD.12–15 From this cohort, patients were categorised into those
with a co-existent diagnosis of dementia (ICD-9-CM codes 290, 294.1–294.9, 331 and 797 and ICD-10-CM codes G3031, F015 and F039) and without. Given the pattern of dementia associated with COPD is heterogenous, a wide range of
dementia diagnosis codes were included.

Study Parameters
Outcome measures analysed included length of stay (LOS), calculated by subtracting the admission date from the
discharge date, and inpatient deaths. Covariates included age, gender, comorbidity, race, year of admission and expected
primary payer. Comorbidity was assessed using the updated Charlson comorbidity index, which derives scores based on
the presence of the following conditions: COPD, dementia, rheumatological disease, renal disease, diabetes, congestive
cardiac failure, liver disease, hemiplegia/paraplegia, malignancy, AIDS/HIV or metastatic solid tumour.16,17 Scores were
derived from secondary ICD-9-CM and ICD-10-CM diagnostic codes and matched according to published algorithm.18
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The Charlson comorbidity index was then modified to exclude COPD and dementia diagnoses to avoid over adjusting
when adjusting for comorbidity as a covariate.
Other variables forming part of the baseline patient characteristics included use of non-invasive ventilation (ICD9-CM codes 93.9 and ICD-10-CM codes 5A09357, 5A09358, 5A09457, 5A09458, 5A09557 and 5A09558) and
mechanical ventilation (ICD-9-CM codes 96.7 and ICD-10-CM codes 5A0935Z, 5A0945Z, 5A0955Z, 0BH17EZ,
0BH18EZ and 0BH13EZ) carried out following respiratory compromise (respiratory failure, insufficiency or arrest)
(ICD-9-CM codes 518.81, 518.82 and 518.84 and ICD-10-CM codes J96.0, 96.2, J96.9, R09.2 and J80) during inpatient
stay.

Statistical Analysis
All statistical analyses were conducted using Stata SE V.15. Continuous variables were represented as median and
interquartile range (IQR) and categorical data as frequency and percentages. Mann–Whitney–Wilcoxon test was used to
compare continuous variables and chi squared for categorical variables.
Logistic regression analysis was carried out to assess inpatient deaths in patients with an exacerbation who had coexisting dementia compared to those without dementia. Cox proportional hazard regression analysis was used to assess
the impact of cognitive impairment on inpatient death rates, with inpatient stay as the time variable (days). Participants
were also censored at discharge or if the information was unknown. The Schoenfeld test was used to test for violation of
the proportional hazard assumption, with the group being stratified by time points where the hazard rates were
proportional, if the assumption was violated.
Competing risk analysis was used to determine differences in length of stay in patients with and without dementia,
with inpatient discharge rate considered as the primary event and patients deceased a competing variable, using Fine and
Gray regression model.19 The Fine and Gray model allows estimation of the effect of covariates on the incidence of an
event (ie cumulative incidence function) whilst accounting for competing risks, reporting sub-distribution hazard ratios.
For analysis in this study, it gave an indication of length of stay, ie lower discharge rates (lower sub-distribution hazards)
would be in keeping with a longer hospital stay.
Age, gender, modified Charlson comorbidity index, year of admission, race and primary payer were considered
a priori confounders and were included in the regression analysis model. Interactions between variables and outcome
measures were evaluated using likelihood ratio tests and models with statistically significant interactions were further
estimated in strata. Results from the different models were represented as odds ratios (OR), proportional hazard ratios or
sub-distribution hazard ratios. P<0.05 was considered statistically significant. Only discharge records with complete
datasets were included in the analysis, ie records with missing values were excluded.

Results
Baseline Characteristics
A total of 576,381 patients with a primary discharge diagnosis of COPD exacerbation were identified between 2011 and
2015, after excluding patients who were 40 years old or younger and with missing values (Figure 1).
The baseline characteristics are shown in Table 1. The prevalence of diagnosed dementia in admitted patients with
COPD exacerbations was 6.1%. The median (IQR) age for COPD patients with dementia was 82 (76–87) years vs 68
(59–77) years for those without. Patients with COPD and dementia had a higher burden of comorbidities. Fewer patients
with coexisting dementia had reported respiratory compromise but of those that did, there was no difference in receiving
NIV or mechanical ventilation.

Inpatient Deaths
A total number of 6413 (1.1%) inpatient deaths in patients with COPD occurred between 2011 and 2015. The proportion
of inpatient deaths were significantly greater in patients with co-existing dementia compared to those without [n (%)
COPD with dementia vs COPD without dementia: 581 (1.6) vs 5832 (1.1); p<0.001]. There was a significant interaction
with age (p=0.02 likelihood ratio test of interaction) and the odds of death were therefore stratified according to age
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Figure 1 Flow chart of patients included in the study.

(Table 2). Patients with COPD and dementia in the youngest age category (41–64 years) had a significantly increased risk
of inpatient death compared to patients without (Adjusted OR 1.75 95% CI 1.04 to 2.92). However, there were no
significant differences observed in the older age strata.

Inpatient Death Rates
The death rates are shown in Table 3 stratified by 2 time points (<5 days and 5–100 days), where the hazard rates were
proportional (Schoenfeld test <5 days p=0.53; 5–100 days p=0.09). Patients with COPD and dementia who were
admitted with an exacerbation had a significantly greater death rate compared to patients without dementia within the
first 4 days of admission. Furthermore, from 5 days onwards the mortality rate was lower, indicating that those patients
with dementia that had survived the initial few days of admission were less likely to die during the rest of their inpatient
stay. Age as a covariate did not interact with death rates (p=0.53).

Length of Stay
The median LOS for patients with COPD and dementia was longer than those without dementia [median (IQR) LOS with
dementia vs without dementia:4 (3–6) vs 3; (2–5) p<0.001]. The discharge rate was also significantly lower for patients
with co-existent dementia, as indicated by the sub-distribution hazard ratio (SHR), therefore demonstrating a longer
length of stay (Table 4).
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Table 1 Baseline Characteristics for Patients Admitted with a COPD Exacerbation with and without Dementia
Variables

Total

Patients with

Patients without

Dementia

Dementia

576,381

35,372 (6)

541,009 (94)

41–65
65–74

209,754 (36)
170,802 (30)

1505 (4)
6074 (17)

208,249 (15)
164,728 (30)

≥75

195,825 (34)

27,793 (79)

168,032 (31)

Gender [n (%)]

Female
Male

325,409 (56)
250,972 (43)

21,086 (60)
14,286 (39)

304,323 (56)
236,686 (43)

p<0.001

Race [n (%)]

White
Black

466,431 (81)
65,233 (11)

28,743 (81)
3054 (9)

437,688 (81)
62,179 (11)

p<0.001

Hispanic

27,055 (5)

2265 (6)

24,790 (5)

Asian/Pacific
Islander

5599 (1.0)

479 (1.4)

5120 (1.0)

Native

2947 (0.5)

146 (0.4)

2801 (0.5)

American
Other

9116 (1.6)

685 (1.9)

8431 (1.6)

Medicare
Medicaid

414,252 (72)
64,410 (11)

32,553 (92)
831 (2)

381,699 (71)
63,579 (12)

Private
insurance

66,260 (12)

1493 (4)

64,767 (12)

Self-pay

17,411 (3)

101 (0.3)

17,310 (3)

No charge
Other

2068 (0.4)
11,980 (2)

11 (0.03)
383 (1)

2057 (0.4)
11,597 (2)

2011
2012

125,252 (22)
119,699 (21)

8202 (23)
7468 (21)

117,050 (22)
112,231 (21)

2013

115,595 (20)

7090 (20)

108,505 (20)

2014
2015

106,813 (19)
109,022 (19)

6374 (18)
6238 (18)

100,439 (19)
102,784 (19)

0
1

227,217 (38)
153,665 (27)

11,000 (31)
9694 (27)

216,217 (39)
143,971 (27)

>2

195,499 (34)

14,678 (41)

180,821 (33)

Respiratory compromise [n (%)]

Yes
No

62,821 (10.9)
513,560 (89.1)

3741 (10.6)
31,631 (89.4)

59,080 (10.9)
481,929 (89.1)

0.04

Receiving NIV if respiratory
compromise [n (%)]

Yes
No

11,110 (18)
51,711 (82)

691 (18)
3050 (82)

10,419 (18)
48,661 (82)

0.2

Receiving MV if respiratory
compromise [n (%)]

Yes
No

16,606 (26)
46,215 (74)

1001 (27)
2740 (73)

15,605 (26)
43,475 (74)

0.6

Number of patients [n (%)]
Age (years) [n (%)]

Expected primary payer
[n (%)]

Year of admission [n (%)]

Modified Charlson Comorbidity Index
score [n (%)]

†

p value

p<0.001

p<0.001

p<0.001

p<0.001

Note: †Excludes diagnoses of dementia and COPD.
Abbreviations: IQR, interquartile range; NIV, non-invasive ventilation; MV, echanical ventilation.

Discussion
COPD is frequently associated with comorbidities that adversely contribute to the disease burden and symptomatology.
Understanding the effects of such co-existing conditions is imperative to better characterise the full clinical spectrum of
COPD and help guide management. The presence of cognitive impairment in patients with COPD is well reported, yet
evidence on its impact is lacking. This large nationwide study reported the impact of dementia in patients admitted to
hospital with a COPD exacerbation. It showed that patients with COPD who had co-existing dementia had worse
outcomes based on inpatient deaths and LOS.
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Table 2 Inpatient Deaths Stratified by Age for Patients with and without Dementia
Age (Years)

COPD with Dementia

COPD without Dementia

Unadjusted OR

Adjusted OR*

([n (%)]

([n (%)]

(95% CI)

(95% CI)

P value

41–64

15 (1.0)

1056 (0.5)

1.98 (1.18–3.30)

1.75 (1.04–2.92)

0.03

65–74

88 (1.5)

1915 (1.2)

1.25 (1.08–1.55)

1.23 (0.99–1.52)

0.07

≥75

478 (1.7)

2861 (1.7)

1.01 (0.92–1.11)

1.02 (0.92–1.12)

0.7

Note: *Adjusted for gender, modified Charlson comorbidity index, year, race and primary payer.
Abbreviaions: OR, odds ratio; CI, confidence interval.

Table 3 Proportional Hazard Ratios of Death Rates Stratified by Inpatient Length of
Stay for Patients with and without Dementia
Inpatient length of stay

Unadjusted HR

COPD without Dementia

(95% CI)

([n (%)]

P value

<5 days

1.79 (1.58–2.04)

1.23 (1.08–1.41)

0.002

5–100 days

1.09 (0.98–1.23)

0.88 (0.78–0.98)

0.03

Note: *Adjusted for age, gender, modified Charlson comorbidity index, year, race and primary payer.
Abbreviations: HR, hazard ratio; CI, confidence interval.

Table 4 Sub-Distribution Hazard Ratios of Inpatient Discharges for Patients with and
without Dementia
Unadjusted SHR (95% CI)
0.86 (0.85–0.87)

Adjusted SHR* (95% CI)

P value

0.93 (0.92–0.94)

p<0.001

Note: *Adjusted for age, gender, modified Charlson comorbidity index, year, race and primary payer.
Abbreviations: SHR, sub-distribution hazard ratio; CI, confidence interval.

Many studies, which have shown an association of coexisting dementia and COPD with adverse hospital related
outcomes, have consisted of a smaller sample size in comparison to the current work, with few investigating effects of
dementia directly and none focussing on patients admitted with an exacerbation of COPD.3,4,20,21 The results from this
study strengthen the previous, albeit limited available literature. Liao et al reported an increased risk of inpatient
mortality and prolonged length of stay, as well as acute organ dysfunction and severe sepsis in patients admitted to
hospital who had a diagnosis of dementia and COPD.3 However, this encompassed all hospitalised patients with
a diagnosis of COPD rather than focussing on individuals admitted primarily with a COPD exacerbation.
One possibility for the adverse outcomes observed is that dementia is associated with increased disability and
mortality in all hospitalised patients22 and would have an additive adverse effect in patients admitted with COPD
exacerbations. A systematic review evaluating the effects of dementia on length of stay reported that majority of the
studies showed an increased stay associated with dementia, ranging up to 22 days for different primary pathologies.23
A variety of medical, social and organizational factors may influence this, such as increased risk of inpatient complications or greater disability requiring more social input. Similarly, Shen et al suggested dementia had a 28% increased risk
of mortality in hospitalized older patients after adjusting for confounders.24 For patients with COPD, in particular,
cognitive deficits may delay discharge by further worsening functional limitations and increasing the need for assistance
in safety, transportation and personal care.25
Dementia may contribute to overall worsening COPD disease severity and therefore worse outcomes in hospitalised
patients with COPD. Cognitive impairment can hinder complex tasks in COPD, such as appropriate inhaler technique
and self-management strategies, predisposing patients to disease progression and frequent exacerbations.9,10,26,27
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Increased exacerbation frequency is also associated with more adverse hospital related outcomes, possibly owing to the
fact that repeated exacerbations are associated with rapid decline in lung function, reduced exercise capacity and higher
burden of symptomatology, all of which further contribute to disease progression.28 Alternatively, cognitive dysfunction
in COPD may occur through pathways that represent a sequelae due to worsening lung function, and so the effects seen
on morbidity and mortality may be as a result of worsening disease severity.29
It is also important to note that withholding invasive life support measures in patients with physiological decompensation, particularly if it is not clinically appropriate eg in frail and comorbid patients, may also contribute to inpatient
mortality. It can be argued that the presence of dementia is associated with a higher burden of frailty. However, the
evidence for the use of invasive therapeutic measures in patients with dementia is mixed; Richardson et al stated patients
with dementia admitted acutely are treated significantly less aggressively than those without dementia.30 Conversely,
a US based study reported that between 2001 and 2011 the utilization of invasive mechanical ventilation increased
fourfold in patients with dementia than in those without dementia.31 In this study, there was no difference in the
utilisation of mechanical and non-invasive ventilation in patients with and without dementia that had respiratory
compromise, suggesting that this did not play a role in the hospital related outcomes. However, what is unclear is
whether less blood gases to investigate respiratory compromise were conducted.
One explanation for the odds of inpatient mortality being higher in younger patients with COPD and co-existing
dementia could be that cognitive impairment contributed to a greater risk of frailty in the younger cohort compared to the
older patients. Furthermore, aspiration, disability and sedentary lifestyle are important consequences of dementia and
related causes of death.32 However, these risk factors are also more common with increasing age.33 Therefore, the
difference in the degree of effect seen in patients with dementia vs without dementia at a younger age may reflect the
disparity in prevalence of factors such as aspiration between the groups, which diminishes with age. This pattern of
mortality between age groups is in line with another nationwide study investigating mortality outcome in all hospitalised
patients ≥65 years with and without dementia.34 Similarly, Feary et al identified an increased risk of acute ischaemic
events in patients with COPD with the biggest effect observed in the younger patients.35
The fact that mortality rate was greater in the patients with dementia in the early stage of their admission may indicate
that such patients initially present with more severe exacerbations or have less of a physiological reserve to survive the
acute illness. One plausible explanation for the lower mortality rate seen after 5 days is that patients with dementia who
survive the early days of admission are medically stable but have a prolonged inpatient stay because of increased need for
social support, such as discharge to nursing facility. However, patients without dementia would be less likely to require
a further package of care and therefore, any prolonged length of stay in these patients may be due to in-hospital
complications or deterioration physiological function, all of which are associated with increased mortality. This is in
contrast to Chang et al who reported a higher overall mortality rate in patients with COPD and dementia compared to
those with COPD alone.4 However, it should be noted that the follow up time period in their study was considerably
longer than the NIS database and extended to within the community, rather than being a snapshot of their hospital
admission.
One point to note is that the proportion of females admitted with a COPD exacerbation was higher than males.
Certainly, the prevalence of COPD is reported to be higher in males.36 However, it has been previously suggested that
females may be more susceptible to exacerbations and therefore more frequent hospitalisations.15,37 Gender plays an
important role in determining hospital related outcomes in patients with COPD, such that men are associated with
a poorer outcome.38 This is possibly owing to differences in disease severity, behaviors towards healthcare utilization and
response to available therapeutic modalities.39,40 Similarly, there are also gender disparities reported amongst patients
with dementia.41 This study revealed poorer outcomes associated with COPD and dementia even after adjusting for sex
as a comorbidity.
The main limitation with the NIS database was the lack of unique patient identifiers. As a result, it was not possible
to explore re-admissions due to multiple exacerbations or discharge failure. This is of particular importance, given that if
one group had more readmissions there was a greater chance that patients would be included more than once in the
analysis for that group. However, the large number of discharge records should have helped negate this issue. In
addition, it was only possible to assess in-hospital mortality, as cases were not followed up once discharged. Therefore, it
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did not reflect the 30-day mortality and may have underestimated the mortality rates, particularly if a high proportion of
patients in one group were discharged with end of life care plans for example. There are also limitations with the
reliability of clinical coding, as with many other studies. It has previously highlighted that dementia is usually underdiagnosed in patients with COPD.42 This may have been the case in this study, where the prevalence of dementia in
patients with COPD reported was 6%, despite including a large range of dementia related diagnostic codes. This is
considerably less than other studies; Zarowitz et al reported a prevalence of 37% of concurrent dementia amongst
nursing home residents with COPD.43 Furthermore, the use of ICD classification system alone may lead to misidentification of some acute exacerbation cases. Therefore, the difference in observed outcomes may have been underestimated. However, this reinforces the argument that there is a need to screen and identify patients with cognitive
impairment in such a cohort of patients. Furthermore, some of the known prognostic factors of COPD, including
a history of cigarette smoking, lung function and severity of dementia were not available from the claims database. The
inability to adjust for these prognostic factors might have affected the results, though adjusting for comorbidity index
was a reasonable approach to addressing this issue. The exclusion of cases with missing values may introduce a bias into
the analysis but given the large sample size, this is not expected to be the case. Finally, the lack of reliable data on
medications, particularly when considering polypharmacy and determinants of frailty, both of which are associated with
adverse outcomes, meant that their associations with mortality and LOS in patients with COPD and dementia could not
be ascertained.

Conclusion
The findings of this study have important clinical implications. Identifying pre-existing dementia in patients with
a COPD exacerbation and deploying pre-emptive strategies such as clear treatment escalation plans and timely involvement of multidisciplinary teams to facilitate discharge planning, may improve inpatient mortality and length of stay.
Clinicians should be alert to developing a more tailored care plan for this subpopulation, taking into account patients’
specific dementia care needs and considering involvement of dementia specialist teams.

Abbreviation
COPD, chronic obstructive pulmonary disease; NIS, national inpatient sample database; LOS, length of stay; ICD,
international classification of diseases.
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