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ABSTRACT: Chronic obstructive pulmonary disease (COPD) is associated with important chronic

comorbid diseases, including cardiovascular disease, diabetes and hypertension.

The present study analysed data from 20,296 subjects aged o45 yrs at baseline in the

Atherosclerosis Risk in Communities Study (ARIC) and the Cardiovascular Health Study (CHS).

The sample was stratified based on baseline lung function data, according to modified Global

Initiative for Obstructive Lung Disease (GOLD) criteria. Comorbid disease at baseline and death

and hospitalisations over a 5-yr follow-up were then searched for.

Lung function impairment was found to be associated with more comorbid disease. In logistic

regression models adjusting for age, sex, race, smoking, body mass index and education,

subjects with GOLD stage 3 or 4 COPD had a higher prevalence of diabetes (odds ratio (OR) 1.5,

95% confidence interval (CI) 1.1–1.9), hypertension (OR 1.6, 95% CI 1.3–1.9) and cardiovascular

disease (OR 2.4, 95% CI 1.9–3.0). Comorbid disease was associated with a higher risk of

hospitalisation and mortality that was worse in people with impaired lung function.

Lung function impairment is associated with a higher risk of comorbid disease, which

contributes to a higher risk of adverse outcomes of mortality and hospitalisations.
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C
hronic obstructive pulmonary disease
(COPD) is an important cause of morbid-
ity and mortality in the USA and around

the world [1, 2]. In recent years the approach
towards patients with COPD has moved away
from nihilism and towards viewing this disease
as both preventable and treatable [3].

An important factor in both the prognosis and
functional capabilities of COPD patients is the
role of comorbid disease [4, 5]. There are several
important steps in evaluating comorbid disease
in COPD. The first is to define the diseases that
occur with an increasing frequency in subjects
with evidence of COPD, and the second is to
determine the effect that comorbid disease has on
health-related outcomes. The disease processes
most closely linked to COPD include lung cancer
[6], depression [7], congestive heart failure [5]
and ischaemic heart disease [5]. However, there
are several other diseases potentially linked to
respiratory disease or its treatment with a weaker
association, i.e. osteoporosis [8], cataracts [9],
hypertension [10] and diabetes mellitus [11].

The aim of the present study was to determine
the relationship between COPD and the common,

chronic comorbid conditions of cardiovascular
disease, hypertension and diabetes mellitus, and
to determine how these affect the outcomes of
hospitalisations and death. This analysis was
carried out by combining two existing databases,
the Atherosclerosis Risk in Communities Study
(ARIC) [12] and the Cardiovascular Health Study
(CHS) [13], which are described below.

MATERIALS AND METHODS
Data from the CHS and ARIC cohorts were
combined, both of which were population-based
National Institute of Health cohorts initiated in
the late 1980s. These cohorts were designed to
study subjects of different ages (o65 yrs for CHS
and 45–64 yrs for ARIC) with comprehensive
evaluations, including lung function and longi-
tudinal follow-up. ARIC and CHS data that is
publicly available from the National Heart, Lung
and Blood Institute was analysed.

CHS study population
The original CHS cohort of 5,201 males and
females was selected using Medicare eligibility
lists provided by the US Health Care Financing
Administration for four communities, Forsyth
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County (NC), Pittsburgh (PA), Sacramento County (CA) and
Washington County (MA), during the period of May 1989 to
May 1990 [13]. CHS subjects underwent pulmonary function
testing during a baseline clinical examination and provided
information on history of respiratory symptoms and diag-
noses, body mass index (BMI), smoking history and medical
history. Study protocols were approved for the protection of
human subjects. Details of the CHS have been published
elsewhere [13]. The present analysis was limited to CHS
subjects who provided baseline information on respiratory
symptoms, underwent pulmonary function testing at the
baseline examination, and for whom follow-up data
were available.

ARIC study population
The original ARIC cohort, initiated in 1986, included 15,792
adults aged 45–64 yrs and was a population-based study of the
aetiology and clinical sequelae of atherosclerosis. Study
protocols were approved for the protection of human subjects.
Details of the ARIC study have been published elsewhere [12].
The current analysis was limited to ARIC subjects who
provided baseline information on respiratory symptoms, who
underwent pulmonary function testing at the baseline exam-
ination, and for whom follow-up data were available.

Pulmonary function data
Spirometry was conducted using a volume displacement,
water-sealed spirometer. At least three acceptable spirograms
were obtained from a minimum of five forced expirations. The
best single spirogram was identified by computer and
confirmed by a technician. Quality assurance was provided
by the CHS Pulmonary Function Center (Tuscon, AZ, USA)
and the ARIC coordinating center (Chapel Hill, NC, USA) for
the CHS and ARIC cohorts, respectively. All procedures
followed the American Thoracic Society guidelines [14].
Several measures of lung function were used: forced expiratory
volume in one second (FEV1), forced vital capacity (FVC), and
FEV1/FVC ratio. The prediction equations developed by
HANKINSON et al. [15] were used to determine predicted levels
of lung function.

Variable definition
Age, sex, race and highest education level obtained were self-
reported. Age was stratified into 4–5-yr categories, race was
classified as white or black, and education level was classified
as ,12 yrs, 12 yrs or .12 yrs. Responses to the questions
‘‘Have you ever smoked cigarettes?’’ and ‘‘Do you now smoke
cigarettes?’’ were used to classify subjects as current, former
and never-smokers. BMI was calculated as weight divided by
height squared (kg?m-2) [16].

Using a modification of the criteria developed by the Global
Initiative for Chronic Obstructive Lung Disease (GOLD) [17, 18],
subjects were classified at baseline according to their GOLD
COPD stage as follows. GOLD stage 3 or 4: FEV1/FVC ,0.70
and FEV1 ,50% predicted; GOLD stage 2: FEV1/FVC ,0.70 and
FEV1 o50 to ,80% pred; GOLD stage 1: FEV1/FVC ,0.70 and
FEV1 o80%; restricted: FEV1/FVC o0.70 and FVC ,80% pred;
GOLD stage 0: presence of respiratory symptoms in the absence
of any lung function abnormality; and no lung disease. A subject
was defined as having a respiratory symptom (used to classify

GOLD stage 0 lung function status) if they responded positively
to any of the following questions: ‘‘Do you usually have a
cough?’’; ‘‘Do you usually bring up phlegm from your chest?’’;
‘‘Does your chest ever sound wheezy or whistling apart from
colds?’’; ‘‘Do you have to walk slower than people of your age
on the level because of breathlessness?’’; and ‘‘Are you too
breathless to leave the house or breathless on dressing or
undressing?’’. GOLD stage 0 does not appear in the most recent
guideline revisions but it is included in the analysis as the
present authors have previously demonstrated adverse out-
comes among people in this category [18, 19]. Bronchodilator
response was not evaluated in this survey so classification is
based on the pre-bronchodilator level. Some subjects may have
taken a bronchodilator prior to spirometry, but data on this were
not available.

Subjects were classified as having diabetes if they reported
either a diagnosis of diabetes at baseline or had impaired
fasting or post-glucose load glucose levels (.140 mg?dL-1)
upon examination. Subjects reporting a diagnosis of a previous
myocardial infarction, stroke, heart failure, angina or transient
ischaemic attacks were classified as having cardiovascular
disease at the baseline examination. Subjects were classified as
having hypertension if they reported physician diagnosis of
hypertension, were receiving treatment for hypertension or
had evidence of hypertension upon examination (diastolic
blood pressure o90 mmHg or a systolic blood pressure
o140 mmHg, based on three measurements). In addition,
the present authors summed the three comorbid conditions
(cardiovascular disease, hypertension and diabetes) and
classified each subject as having none, one, two or three
diseases. Only comorbid disease at baseline was included in
the analysis. Analyses were limited to subjects in whom
complete data on demographic factors, risk factors and
baseline comorbid disease were available.

Hospitalisations and deaths
Hospitalisation data were searched and events were defined as
any hospitalisations that occurred during 5 yrs of follow-up
after the baseline evaluation. The time interval from study
entry to the initial hospitalisation was determined for each
subject. In deceased subjects, follow-up was counted from the
date of the baseline survey to either the date of death or
for 5 yrs.

Statistical analysis
The main outcomes were the prevalence of diabetes mellitus,
hypertension and cardiovascular disease or combinations of
these diseases at the baseline evaluation. The relationship
between respiratory impairment, comorbid disease and mor-
tality, and hospitalisations was also determined using Cox
proportional hazard models.

Logistic and multinomial logistic regression models were
developed, using the SUDAAN (Research Triangle Interna-
tional, Research Triangle Park, NC, USA) procedures RLOGIST
and MULTILOG, to determine the association between the
categories of respiratory impairment and diabetes mellitus,
hypertension and cardiovascular disease (RLOGIST) or combina-
tions of disease (MULTILOG). These models were adjusted for
age, sex, race, smoking status, education level and BMI.
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Cox–proportional hazard regression models for death and
hospitalisation were developed, using the SUDAAN procedure
SURVIVAL, to account for differential follow-up in cohort
subjects. Time of follow-up was used as the underlying time
metric. Censoring occurred at the date of death reported on the
death certificate or the date the subject was last known to be
alive. For the hospitalisation models, the current authors
censored at the date of first hospitalisation, date of death
reported on the death certificate, or date the participant was last
known to be alive. Plots of the log–log survival curves for each
covariate were produced to evaluate the proportional hazards
assumptions. These models were used to determine the

association between the categories of respiratory impairment,
comorbid disease and death or hospitalisations. Age, sex, race,
smoking status, education level and BMI were included in the
adjusted models. Models were evaluated for interaction between
the class of lung function impairment, comorbid disease and the
outcomes of death or time to first hospitalisation.

RESULTS
The final cohort consisted of 15,341 (97.1%) out of 15,792
subjects from the ARIC cohort and 4,955 (95.3%) out of 5,201
CHS subjects. The demographics of the studied population are
shown in table 1.

TABLE 1 Demographics of the 20,296 studied subjects and the proportion with diabetes mellitus, hypertension and
cardiovascular disease

Subjects# Diabetes mellitus % Hypertension % Cardiovascular disease %

Age group yrs

45–49 4096 (20.2) 8.1¡0.4 24.5¡0.7 9.7¡0.5

50–54 3978 (19.6) 10.6¡0.5 32.0¡0.7 11.9¡0.5

55–59 3751 (18.5) 12.9¡0.5 38.1¡0.8 14.8¡0.6

60–64 3516 (17.3) 16.5¡0.6 46.4¡0.8 17.0¡0.6

65–71 437 (2.2) 16.2¡1.8 49.9¡2.4 16.0¡1.7

72–75 1680 (8.3) 13.9¡0.8 51.3¡1.2 17.3¡0.9

76–79 1168 (5.8) 15.9¡1.1 58.0¡1.4 21.1¡1.2

.80 1670 (8.2) 15.4¡0.9 62.4¡1.2 27.4¡1.1

Sex

Female 11258 (55.5) 12.0¡0.3 40.8¡0.5 13.1¡0.3

Male 9038 (44.5) 13.5¡0.4 39.2¡0.5 17.9¡0.4

Race

White 16040 (79.0) 10.7¡0.2 35.7¡0.4 16.1¡0.3

Black 4256 (21.0) 20.1¡0.6 56.6¡0.8 12.0¡0.5

Smoking status

Current 8290 (40.9) 13.1¡0.4 42.6¡0.5 13.1¡0.4

Former 7052 (34.8) 13.2¡0.4 41.2¡0.6 18.2¡0.5

Never 4954 (24.4) 11.1¡0.4 34.3¡0.7 14.6¡0.5

Education yrs

,12 4996 (24.6) 18.9¡0.6 50.8¡0.7 19.9¡0.6

12 6372 (31.4) 11.9¡0.4 39.0¡0.6 14.8¡0.4

.12 8,928 (44.0) 9.7¡0.3 34.9¡0.5 12.9¡0.4

Body mass index

,20 811 (4.0) 5.1¡0.8 30.6¡1.6 14.3¡1.2

20–24 6288 (31.0) 6.3¡0.3 30.1¡0.6 13.4¡0.4

25–29 8100 (39.9) 11.7¡0.4 39.9¡0.5 15.4¡0.4

o30 5097 (25.1) 23.2¡0.6 54.3¡0.7 17.3¡0.5

GOLD category

3 or 4" 530 (2.6) 14.5¡1.5 51.1¡2.2 22.1¡1.8

2+ 2076 (10.2) 12.6¡0.7 43.8¡1.1 19.4¡0.9

11 2892 (14.3) 10.1¡0.6 40.4¡0.9 18.7¡0.7

0e 4511 (22.2) 14.9¡0.5 41.6¡0.7 19.7¡0.6

Restricted## 2868 (14.1) 19.0¡0.7 47.7¡0.9 16.6¡0.7

Normal 7419 (36.6) 9.7¡0.3 34.3¡0.6 9.0¡0.3

Total 20296 12.7¡0.2 40.1¡0.3 15.2¡0.3

Data are presented as n (%) or mean¡SEM. GOLD: Global Initiative for Obstructive Lung Disease. #: subjects in the Atherosclerosis Risk in Communities Study during

1986–1989 and the Cardiovascular Health Study during 1989–1990; ": forced expiratory volume in one second (FEV1) or forced vital capacity (FVC) ,0.70 and FEV1

,50% predicted; +: FEV1/FVC ,0.70 and FEV1 o50 to ,80% pred; 1: FEV1/FVC ,0.70 and FEV1 o80% pred; e: presence of respiratory symptoms in the absence of any

lung function abnormality; ##: FEV1/FVC o0.70 and FVC ,80% pred.
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Overall, GOLD stage 3 or 4 COPD was present in 530 (2.6%)
subjects, GOLD Stage 2 COPD in 2,076 (10.2%) and restriction
on spirometry was present in 2,868 (14.1%) subjects. Diabetes,
hypertension and cardiovascular disease were present in 2,570
(12.7%), 8,137 (40.1%) and 3,091 (15.2%) subjects, respectively
(table 1).

Analyses showed that increasing age, a higher BMI, lower
education status and male sex were associated with a higher
risk of diabetes, hypertension and cardiovascular disease
(table 1). In multivariate analyses, GOLD stage 3 or 4 COPD
was associated with a higher risk of diabetes (odds ratio (OR)
1.5, 95% confidence interval (CI) 1.1–1.9), hypertension (OR 1.6,
95% CI 1.3–1.9) and cardiovascular disease (OR 2.4, 95% CI
1.9–3.0). Similar findings were seen for GOLD stage 2 COPD,
GOLD stage 0 COPD and restricted subjects (table 2).

In the present study cohort, 9,925 (48.9%) subjects had no
comorbid disease, 7,359 (36.3%) had one comorbid disease,
2,597 (12.8%) had two comorbid diseases and 415 (2.0%) had
three comorbid diseases (table 3). Multinomial logistic regres-
sion showed that compared to subjects with normal lung
function, those with GOLD stage 3 or 4 COPD were more likely
to have one (OR 1.8, 95% CI 1.5–2.3), two (OR 2.9, 95% CI 2.2–
3.8) or three (OR 3.5, 95% CI 1.9–6.4) comorbid diseases, with
similar effects seen among restricted subjects and those with
GOLD stage 2 COPD and GOLD stage 0 COPD (table 4).

Within 5 yrs of baseline evaluation, 1,202 (5.9%) study subjects
died. The presence of respiratory impairment and comorbid
disease predicted higher mortality, with cardiovascular disease
and diabetes mellitus demonstrating a larger effect on mortality
than hypertension (fig. 1). The combination of multiple comor-
bid diseases, along with respiratory impairment, also resulted in
a higher risk of death (fig. 2). For example, a subject with GOLD

stage 3 or 4 COPD and all three comorbid diseases had a 20-fold
higher risk of death than a subject with normal lung function
and no comorbid disease (fig. 2). There was no significant
interaction between respiratory impairment, comorbid disease
and death (p.0.10 for all models).

TABLE 2 Multivariate regression predicting diabetes
mellitus, hypertension and cardiovascular
disease

Diabetes

mellitus

Hypertension Cardiovascular

disease

GOLD category

3 or 4# 1.5 (1.1–1.9) 1.6 (1.3–1.9) 2.4 (1.9–3.0)

2" 1.4 (1.2–1.6) 1.4 (1.3–1.6) 2.2 (1.9–2.5)

1+ 0.9 (0.8–1.1) 1.1 (0.9–1.2) 1.7 (1.5–1.9)

01 1.4 (1.3–1.6) 1.2 (1.1–1.3) 2.4 (2.1–2.8)

Restrictede 2.1 (1.9–2.5) 1.5 (1.4–1.7) 2.4 (2.1–2.7)

Normal 1 1 1

Data are presented as odds ratio (95% confidence interval). Models were

adjusted for age, sex, race, smoking status, education level and body mass index

from 20,296 study subjects from the Atherosclerosis Risk in Communities Study

during 1986–1989 and the Cardiovascular Health Study during 1989–1990.

GOLD: Global Initiative for Obstructive Lung Disease. #: forced expiratory volume

in one second (FEV1)/forced vital capacity (FVC) ,0.70 and FEV1 ,50%

predicted; ": FEV1/FVC ,0.70 and FEV1 o50 to ,80% pred; +: FEV1/FVC ,0.70

and FEV1 o80% pred; 1: presence of respiratory symptoms in the absence of any

lung function abnormality; e: FEV1/FVC o0.70 and FVC ,80% pred.

TABLE 3 Demographics of the 20,296 studied subjects
and the proportion with comorbid diseases
at baseline

Subjects# Comorbid disease %

0 1 2 3

Age group yrs

45–49 4096 (20.2) 65.2¡0.7 27.9¡0.7 6.2¡0.4 0.7¡0.1

50–54 3978 (19.6) 57.4¡0.8 31.9¡0.7 9.5¡0.5 1.3¡0.2

55–59 3751 (18.5) 50.2¡0.8 35.6¡0.8 12.5¡0.5 1.8¡0.2

60–64 3516 (17.3) 41.6¡0.8 39.6¡0.8 15.9¡0.6 2.8¡0.3

65–71 437 (2.2) 41.2¡2.4 38.2¡2.3 17.8¡1.8 2.7¡0.8

72–75 1680 (8.3) 39.6¡1.2 42.1¡1.2 14.6¡0.9 3.8¡0.5

76–79 1168 (5.8) 31.1¡1.4 46.4¡1.5 18.8¡1.1 3.7¡0.6

o80 1670 (8.2) 24.9¡1.1 48.1¡1.2 23.8¡1.0 3.2¡0.4

Sex

Female 11258 (55.5) 49.9¡0.5 35.9¡0.5 12.6¡0.3 1.6¡0.1

Male 9038 (44.5) 47.7¡0.5 36.7¡0.5 13.1¡0.4 2.5¡0.2

Race

White 16040 (79.0) 52.7¡0.4 33.9¡0.4 11.5¡0.3 1.9¡0.1

Black 4256 (21.0) 34.5¡0.7 45.2¡0.8 17.6¡0.6 2.8¡0.3

Smoking status

Current 8290 (40.9) 53.7¡0.7 34.0¡0.7 11.0¡0.4 1.4¡0.2

Former 7052 (34.8) 46.5¡0.6 37.2¡0.6 13.6¡0.4 2.7¡0.2

Never 4954 (24.4) 48.1¡0.5 36.9¡0.5 13.2¡0.4 1.9¡0.1

Education yrs

,12 4996 (24.6) 35.8¡0.7 41.9¡0.7 19.0¡0.6 3.2¡0.2

12 6372 (31.4) 49.7¡0.6 36.5¡0.6 12.0¡0.4 1.8¡0.2

.12 8928 (44.0) 55.6¡0.5 32.9¡0.5 9.9¡0.3 1.6¡0.1

BMI

,20 811 (4.0) 58.6¡1.7 33.4¡1.7 7.5¡0.9 0.5¡0.2

20–24 6288 (31.0) 60.4¡0.6 30.5¡0.6 8.2¡0.3 1.0¡0.1

25–29 8100 (39.9) 48.6¡0.6 37.6¡0.5 12.0¡0.4 1.8¡0.1

o30 5097 (25.1) 33.7¡0.7 41.7¡0.7 20.6¡0.6 4.0¡0.3

GOLD category

3 or 4" 530 (2.6) 35.1¡2.1 44.7¡2.2 17.5¡1.7 2.6¡0.7

2+ 2076 (10.2) 44.5¡1.1 37.6¡1.1 15.6¡0.8 2.4¡0.3

11 2892 (14.3) 47.3¡0.9 37.7¡0.9 13.6¡0.6 1.4¡0.2

0e 4511 (22.2) 45.5¡0.7 36.1¡0.7 15.3¡0.5 3.2¡0.3

Restricted## 2868 (14.1) 40.8¡0.9 38.4¡0.9 17.7¡0.7 3.2¡0.3

Normal 7419 (36.6) 57.0¡0.6 34.0¡0.6 8.0¡0.3 1.0¡0.1

Total 20296 48.9¡0.4 35.3¡0.3 12.8¡0.2 2.0¡0.1

Data are presented as n (%) or mean¡SEM. BMI: body mass index; GOLD:

Global Initiative for Obstructive Lung Disease. #: subjects in the Atherosclerosis

Risk in Communities Study during 1986–1989 and the Cardiovascular Health

Study during 1989–1990; ": forced expiratory volume in one second (FEV1)/

forced vital capacity (FVC) ,0.70 and FEV1 ,50% predicted; +: FEV1/FVC

,0.70 and FEV1 o50 to ,80% pred; 1: FEV1/FVC ,0.70 and FEV1 o80%

pred; e: presence of respiratory symptoms in the absence of any lung function

abnormality; ##: FEV1/FVC o0.70 and FVC ,80% pred.
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At least one hospitalisation during the first 5 yrs of follow-up
occurred in 4,537 (22.4%) study subjects. The risk of any
hospitalisation was increased among study subjects with
respiratory impairment and comorbid disease, either alone or
in combination (figs 3 and 4). There was a significant
interaction between respiratory impairment, comorbid disease
and hospitalisation (p,0.05 for all models).

DISCUSSION
In the current analysis, the presence of respiratory impairment,
as determined using both lung function measurement and the
presence of respiratory symptoms, was associated with a
higher risk of having comorbid hypertension, cardiovascular
disease and diabetes, and of also having at least two of these
comorbid diseases. In addition, the presence of these comorbid
diseases further modified the effect that respiratory impair-
ment had on the outcomes of all-cause mortality and
hospitalisation during 5 yrs of follow-up. While a significant
interaction was found between respiratory impairment,
comorbid disease and hospitalisations, but not deaths, this
may have been related to the far larger number of hospitalisa-
tions (4,537 versus 1,202).

The association between respiratory disease and cardiovascu-
lar disease is an area of research that has received a great deal
of attention in recent years [20–22]. The reasons for this
association are unclear, but may be related to systemic
inflammation, chronic infections, shared risk factors (such as
smoking) or other undefined factors [23–25]. A recent analysis
of the ARIC data demonstrates that respiratory impairment
predicts the development or recurrence of cardiovascular
disease [26]. This relationship, however, is decreased after
adjusting for fibrinogen, a marker of systemic inflammation,
which suggests that the relationship between COPD and

TABLE 4 Multinomial logistic regression predicting the
presence of comorbid diseases

Comorbid disease

1 2 3

GOLD category

3 or 4# 1.8 (1.5–2.3) 2.9 (2.2–3.8) 3.5 (1.9–6.4)

2" 1.4 (1.3–1.6) 2.4 (2.0–2.9) 3.2 (2.2–4.6)

1+ 1.1 (0.96–1.2) 1.4 (1.2–1.7) 1.0 (0.7–1.5)

01 1.3 (1.2–1.4) 2.1 (1.9–2.4) 3.6 (2.7–4.9)

Restrictede 1.5 (1.4–1.7) 3.0 (2.6–3.5) 6.1 (4.3–8.7)

Normal 1.0 1.0 1.0

Data are presented as odds ratio (95% confidence interval). Models were

adjusted for age, sex, race, smoking status, education level and body mass

index from 20,296 study subjects from the Atherosclerosis Risk in Communities

Study during 1986–1989 and the Cardiovascular Health Study during 1989–

1990. GOLD: Global Initiative for Obstructive Lung Disease. #: forced expiratory

volume in one second (FEV1)/forced vital capacity (FVC) ,0.70 and FEV1

,50% predicted; ": FEV1/FVC ,0.70 and FEV1 o50 to ,80% pred; +: FEV1/

FVC ,0.70 and FEV1 o80% pred; 1: presence of respiratory symptoms in the

absence of any lung function abnormality; e: FEV1/FVC o0.70 and FVC

,80% pred.
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FIGURE 1. Results from Cox proportional hazard models (presented as

hazard ratio with 95% confidence interval) that predict death within 5 yrs by

modified Global Initiative for Obstructive Lung Disease (GOLD) category and the

presence of a) diabetes, b) hypertension or c) cardiovascular disease. The

reference group (normal) was subjects with normal lung function who do not have

the comorbid disease of interest. Models were adjusted for age, sex, race, smoking

status, education level and body mass index. Subjects were from the

Atherosclerosis Risk in Communities Study during 1986–1989 and the

Cardiovascular Health Study during 1989–1990. &: with comorbid disease; h:

without comorbid disease. GOLD 3/4: forced expiratory volume in one second

(FEV1)/forced vital capacity (FVC) ,0.70 and FEV1 ,50% predicted; GOLD 2:

FEV1/FVC ,0.70 and FEV1 o50 to ,80% pred; GOLD 1: FEV1/FVC ,0.70 and

FEV1 o80% pred; restricted (R): FEV1/FVC o0.70 and FVC ,80% pred; GOLD 0:

presence of respiratory symptoms in the absence of any lung function abnormality

and no lung disease.

COMORBID DISEASE IN COPD D.M. MANNINO ET AL.

966 VOLUME 32 NUMBER 4 EUROPEAN RESPIRATORY JOURNAL



cardiovascular disease may be, in part, related to other factors
[26]. In addition, there is evidence that smoking can also
increase susceptibility to infection [27] and can increase levels
of inflammatory markers in the serum [28].

An interesting finding in the current analysis was that subjects
with normal lung function but respiratory symptoms (formerly
known as GOLD stage 0) had a risk of cardiovascular disease
as high as people with GOLD stage 3 or 4 COPD (table 2). The
presence of respiratory symptoms in the absence of lung
function impairment is found in a significant proportion of
patients [29]. Many of these patients probably have cough or
wheeze associated with asthma, gastro-oesophageal reflux or
sinusitis [30]. In some cases, this may be an early manifestation
of COPD [31]. In others, as the present analysis suggests, this
may be an indication of comorbid cardiovascular disease.
Thus, the presence of respiratory symptoms, whether or not
lung function is abnormal, is important both epidemiologically
and clinically.

Similarly, the presence of restriction on spirometry has been
found to be associated with diabetes [32–34] and predictive of
the development of diabetes [11, 32]. A novel finding in the
analysis was a modest association of subjects with GOLD stage
2 COPD or higher and those with GOLD stage 0 COPD with
diabetes (table 2). This relationship is interesting and merits
further investigation, with the potential to reveal new
information on the development of both COPD and diabetes.
Potential mechanisms explaining the relationship between
respiratory impairment and diabetes might be an increased
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FIGURE 2. Results from Cox proportional hazard models (presented as

hazard ratio with 95% confidence interval) that predict death within 5 yrs by

modified Global Initiative for Obstructive Lung Disease (GOLD) category and the

presence of no (&), one (h), two (&) or three (&) comorbid diseases (diabetes,

hypertension or cardiovascular disease). The reference group (normal) was

subjects with normal lung function for each comorbid disease. Models were

adjusted for age, sex, race, smoking status, education level and body mass index.

Subjects were from the Atherosclerosis Risk in Communities Study during 1986–

1989 and the Cardiovascular Health Study during 1989–1990. GOLD 3/4: forced

expiratory volume in one second (FEV1)/forced vital capacity (FVC) ,0.70 and FEV1

,50% predicted; GOLD 2: FEV1/FVC ,0.70 and FEV1 o50 to ,80% pred; GOLD

1: FEV1/FVC ,0.70 and FEV1 o80% pred; restricted (R): FEV1/FVC o0.70 and

FVC ,80% pred; GOLD 0: presence of respiratory symptoms in the absence of any

lung function abnormality and no lung disease.
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FIGURE 3. Results from Cox proportional hazard models (presented as

hazard ratio with 95% confidence interval) that predict time to first hospitalisation

within 5 yrs by modified Global Initiative for Obstructive Lung Disease (GOLD)

category and the presence of a) diabetes, b) hypertension or c) cardiovascular

disease. The reference group (normal) comprised subjects with normal lung

function who do not have the comorbid disease of interest. Models were adjusted

for age, sex, race, smoking status, education level and body mass index. Subjects

were from the Atherosclerosis Risk in Communities Study during 1986–1989 and

the Cardiovascular Health Study during 1989–1990. &: with comorbid disease; h:

without comorbid disease. GOLD 3/4: forced expiratory volume in one second

(FEV1)/forced vital capacity (FVC) ,0.70 and FEV1 ,50% predicted; GOLD 2:

FEV1/FVC ,0.70 and FEV1 o50 to ,80% pred; GOLD 1: FEV1/FVC ,0.70 and

FEV1 o80% pred; restricted (R): FEV1/FVC o0.70 and FVC ,80% pred; GOLD 0:

presence of respiratory symptoms in the absence of any lung function abnormality

and no lung disease.
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BMI and altered respiratory compliance, weakness of the
respiratory muscles, neuropathies or other undefined factors.

In addition, the analysis found an association between GOLD
stage 2 COPD and higher and restriction on spirometry and the
presence of hypertension. Hypertension is an early manifesta-
tion of cardiovascular disease so a possible explanation of the
association is that the same factors explaining the link between
respiratory and cardiovascular disease are important here.

The presence of multiple comorbid diseases was also found to
be significantly increased among subjects with most classes of
respiratory impairment (GOLD 0, GOLD 2 or higher, and
restricted; table 4). This is an area of particular interest given
the recent attention to the presence of a chronic systemic
inflammatory syndrome that hypothesises the role of a chronic
inflammatory process resulting in the development of multiple
chronic diseases [35]. The present data support this concept
and also provide data suggesting that additive comorbid
conditions affect outcomes in COPD. These findings raise the
possibility that interventions in early COPD may best target
the inflammatory and systemic component of the disease,
rather than the lung disease per se.

Limitations
The strengths of the current study include the two large
cohorts of subjects, a reasonable length of follow-up and well-
defined outcome events. However, the study subjects were not
chosen to reflect a national sample so these results do not

necessarily reflect what might be seen in the USA population.
However, even though this is a large study, subgroups of
interest could be small, e.g. only 14 subjects with GOLD stage 3
or 4 COPD had all three comorbid diseases present. Subjects
were classified by COPD stage based on initial pre-broncho-
dilator spirometry, which may not have represented a true
baseline for various reasons. In addition, the restricted
category was included based on a decreased FVC alone rather
than the gold standard, total lung capacity measurements.

Conclusions
In conclusion, a significant relationship was found between
respiratory impairment and the presence of comorbid cardio-
vascular disease, diabetes mellitus and hypertension. It was
also found that subjects with respiratory impairment were
more likely to have at least two of these conditions and a
significantly higher risk of death and hospitalisations, espe-
cially when comorbid disease is present. These findings
suggest that the presence of respiratory impairment could
provide a rationale to look for other comorbid disease and,
conversely, that the presence of diabetes, hypertension or
cardiovascular disease might be the basis for the evaluation of
patients regarding respiratory impairment.
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