
Prevalence and Outcomes of Diabetes, Hypertension, and Cardiovascular Disease in 

Chronic Obstructive Pulmonary Disease  

 

 
 

David M. Mannino, M.D.  

Deborah Thorn, Pharm. D.  

Andrine Swensen, PhD 

Fernando Holguin, M.D. 

 

From the  Department of Preventive Medicine and Environmental Health, University of 
Kentucky College of Public Health, Lexington, KY, (D.M.) Emory University College of 
Medicine, Atlanta, GA (F.H.) and Novartis Pharmaceuticals Corporation, East Hanover, 
NJ (D.T., A.S.) 
 
 
Corresponding Author: David M. Mannino, MD 

Department of Preventive Medicine and Environmental 
Health 

University of Kentucky College of Public Health, 
    121 Washington, Avenue 
    Lexington, KY 40536 
    Phone 1 859 323 6608 
    Fax     1 859 257 1044 
    E-mail: dmannino@uky.edu 
 
 
Word Count:  Abstract:   272 
   Text :    2754 
   Figures: 4    
   Tables:    4   
   References : 34 
 
Funded by a research grant from Novartis Pharmaceuticals. 
 
Running Head: Comorbid Disease in COPD 
 
Key Words: Lung Function, hypertension, diabetes, cardiovascular, mortality

 . Published on June 25, 2008 as doi: 10.1183/09031936.00012408ERJ Express

 Copyright 2008 by the European Respiratory Society.



  Mannino et al                                    2 of  32                                  6/10/2008 

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

important chronic comorbid diseases, including cardiovascular disease, diabetes, and 

hypertension.   

Methods:  We analyzed data on 20,296 participants in the Atherosclerosis Risk in 

Communities Study (ARIC) and the Cardiovascular Health Study (CHS) 

aged 45 and older at baseline.  The sample was stratified based on baseline lung function 

data, according to modified Global Initiative on Obstructive Lung Disease (GOLD) 

criteria.  We then searched for comorbid disease at baseline and death and 

hospitalizations over 5 years of follow-up. 

Results:  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, people 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 hospitalization and mortality that was worse 

in people with impaired lung function.   

Discussion:   Lung function impairment is associated with a higher risk of comorbid 

disease which contribute to a higher risk of adverse outcomes of mortality and 

hospitalizations.   
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BACKGROUND 

Chronic Obstructive Pulmonary Disease (COPD) is an important cause of 

morbidity and mortality in the United States 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 affect 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 ischemic heart disease[5], although 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]).   

 

OBJECTIVE 

 Our goal was to determine the relation between COPD and the common chronic 

comorbid conditions of cardiovascular disease, hypertension, and diabetes mellitus, and 

to determine how these affect the outcomes of hospitalizations and death.   This analysis 

was done by combining two existing databases, the Atherosclerosis Risk in Communities 

Study (ARIC)[12] and the Cardiovascular Health Study (CHS) [13] which are described 

below.  
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METHODS 

 

We combined data from the CHS and ARIC cohorts, both of which were 

population-based NIH cohorts initiated in the late 1980s.  These cohorts were designed to 

study subjects of different ages (65 and older for CHS and 45—64 for ARIC) with 

comprehensive evaluations including lung function and longitudinal follow-up.  We 

analyzed  ARIC and CHS data that is  publicly available from the National Heart Lung 

and Blood Institute. 

 

Study Population CHS 

 The original CHS cohort of 5,201 men and women was selected using Medicare 

eligibility lists provided by the U.S. Health Care Financing Administration for four 

communities: Forsyth County, North Carolina; Pittsburgh, Pennsylvania; Sacramento 

County, California; and Washington County, Maryland during the period from May 1989 

to May 1990 [13].  CHS participants underwent pulmonary function testing during a 

baseline clinical examination and provided information on history of respiratory 

symptoms and diagnoses, BMI, smoking history, and medical history.  Study protocols 

were approved for protection of human subjects.  Details of the CHS are published 

elsewhere [13].  Our analysis was limited to CHS participants who provided baseline 

information on respiratory symptoms, underwent pulmonary function testing at the 

baseline examination, and for whom follow-up data were available.  

 

Study Population ARIC 
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 The original ARIC cohort, initiated in 1986, including 15,792 adults aged 45-64 

years-old, was a population-based study of the etiology and clinical sequelae of 

atherosclerosis.  Study protocols were approved for protection of human subjects.  Details 

of the ARIC study are published elsewhere.[12] Our analysis was limited to ARIC 

participants, who provided baseline information on respiratory symptoms, who 

underwent pulmonary function testing at the baseline examination, 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 for 

the CHS cohort and the ARIC coordinating center for ARIC, and the procedures followed 

contemporary American Thoracic Society guidelines [14].  Several measures of lung 

function were used: the forced expiratory volume in 1 second (FEV1), the forced vital 

capacity (FVC), and the FEV1/FVC ratio.  We used the prediction equations developed 

by Hankinson et al. 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 year categories, race was classified as white or black, and education 

level was classified as < 12 years, 12 years, or more than 12 years.  Responses to the 
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questions “Have you ever smoked cigarettes?” and “Do you now smoke cigarettes?” were 

used to classify as “current-, former- and never-smokers.   BMI was calculated as weight 

divided by height squared (kg/m2) [15].   

Using a modification of the criteria developed by the Global Initiative for Chronic 

Obstructive Lung Disease (GOLD) [16, 17], we classified subjects at baseline according 

to their GOLD stages of chronic obstructive pulmonary disease (COPD): GOLD stage 3 

or 4 (FEV1/FVC < 0.70 and FEV1 < 50% predicted), GOLD stage 2 (FEV1/FVC< 0.70 

and FEV1 >= 50 to < 80% predicted), GOLD Stage 1 (FEV1/FVC < 0.70 and FEV1 >= 

80%), restricted (FEV1/FVC >= 0.70 and FVC < 80% predicted), GOLD stage 0 

(presence of respiratory symptoms in the absence of any lung function abnormality), and 

no lung disease.  We defined a participant as having a respiratory symptom (used to 

classify GOLD 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?;  

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 it 

in our analysis as we have previously demonstrated adverse outcomes among people in 

this category [17, 18].  Bronchodilator response was not evaluated in this survey so 

classification is based on the “prebronchodilator” 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 either reported a diagnosis of 

diabetes at baseline or had impaired fasting or post glucose load glucose levels ( > 140) at 
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the examination.  Subjects reporting a diagnosis of a previous myocardial infarction, 

stroke, heart failure, angina, or transient ischemic attacks were classified as have 

cardiovascular disease at the baseline examination.  Subjects were classified as having 

hypertension if they either reported a physician diagnosis of hypertension, were on 

treatment for hypertension, or had evidence of hypertension at the examination (either a 

diastolic blood pressure >= 90 mmHG or a systolic blood pressure >- 140, based on three 

measurements).  In addition, we summed the three comorbid conditions (cardiovascular 

disease, hypertension, and diabetes) and classified each subject as having 0, 1, 2 or 3 

diseases.  Only comorbid disease at baseline was included in the analysis. 

 Analyses were limited to subjects in whom we had complete data on demographic 

factors, risk factors, and baseline comorbid disease. 

  

Hospitalizations and Deaths 

 Hospitalization data were searched and events were defined as any 

hospitalizations that occurred during five years of follow-up after the baseline evaluation.  

We determined the time interval from study entry to the initial hospitalization for each 

subject.  For decedents, follow-up was counted from the date of the baseline survey to 

either the date of death or 5 years.    

 

Analysis 

 All analyses were conducted with SAS version 9.1 (SAS Institute, Cary, NC),  

SUDAAN version 9.0 (RTI, Research Triangle Park, NC) and SPSS version 10 (SPSS 

Inc, Chicago, IL, USA).    
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 Our main outcomes were the prevalence of diabetes mellitus, hypertension, and 

cardiovascular disease or combinations of these diseases at the baseline evaluation.  We 

also determined the relation between respiratory impairment, comorbid disease and 

mortality and hospitalizations using Cox proportional hazard models. 

 We developed logistic and multinomial logistic regression models, using the 

SUDAAN procedures RLOGIST and MULTILOG, to determine the association between 

our categories of respiratory impairment and diabetes mellitus, hypertension, and 

cardiovascular disease (RLOGIST) or combinations of disease (MULTILOG).  These 

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

 Cox proportional hazard regression models for death and hospitalization were 

developed using the SUDAAN procedure SURVIVAL to account for differential follow 

up in cohort participants. Time of follow up was used as the underlying time metric. 

Censoring occurred at the date of death reported on the death certificate or date the 

participant was last known to be alive for death.  For the hospitalization models we 

censored at the date of first hospitalization, 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.   We 

used these models to determine the association between our categories of respiratory 

impairment, comorbid disease, and death or hospitalizations.  Age, sex, race, smoking 

status, education level, and body mass index 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 hospitalization.   
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RESULTS 

 Our final cohort consisted of 15,341/15,792 (97.1%) of the ARIC participants and 

4,955/5,201 (95.3%) of the CHS participants.  The demographics of the studied 

population are shown in Table 1. 

 Overall, GOLD stage 3 or 4 COPD was present in 530 subjects (2.6%), GOLD 

Stage 2 COPD was present in 2,076 subjects (10.2%), and restriction on spirometry was 

present in 2,868 subjects (14.1%).  Diabetes was present in 2,570 subjects (12.7%), 

hypertension was present in 8,137 (40.1%) and cardiovascular disease was present in 

3,091 subjects (15.2%) (Table 1). 

 Analyses showed that increasing age, a higher body mass index, 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 our study cohort, 9,925 (48.9%) had no comorbid disease,  7,359 (36.3%), had 

one comorbid disease,  2,597 (12.8%)  had 2 comorbid diseases, and 415 (2.0%) had 3 

comorbid diseases (Table 3).  Multinomial logistic regression showed that compared to 

people with normal lung function, those with GOLD Stage 3 or 4 COPD were more 

likely to have 1 (OR 1.8, 95% CI 1.5, 2.3), 2 ( OR 2.9, 95% CI 2.2, 3.8) or 3 (OR 3.5, 

95% CI 1.9, 6.4) comorbid diseases, with similar effects seen among restricted subjects 

and those with GOLD 2, and GOLD 0 COPD (Table 4).  
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Within five years of the baseline evaluation, 1,202 (5.9%) study participants 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 (Figure 1).   The combination of multiple comorbid diseases, 

along with respiratory impairment, also resulted in a higher risk of death (Figure 2).  For 

example, a person with GOLD stage 3 or 4 COPD and all 3 comorbid diseases had a 20-

fold higher risk of death than a person with normal lung function and no comorbid 

disease (Figure 2).  There was no significant interaction between respiratory impairment, 

comorbid disease, and death (p > 0.10 for all models). 

At least one hospitalization during the first 5 years of follow-up occurred in 4,537 

(22.4%) study participants.  The risk of any hospitalization was increased among study 

participants with respiratory impairment and comorbid disease, either alone or in 

combination (Figures 3 and 4). There was a significant interaction between respiratory 

impairment, comorbid disease, and hospitalization  (p < 0.05 for all models). 

 

  

  

 

  

 



  Mannino et al                                    11 of  32                                  6/10/2008 

DISCUSSION 

 In this 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 2 or all of these comorbid diseases.  In addition, the presence of these 

comorbid diseases further modified the effect that respiratory impairment had on our 

outcomes of all-cause mortality and hospitalization during 5 years of follow-up.  While 

we found a significant interaction between respiratory impairment , comorbid disease and 

hospitalizations, but not deaths, this may have been related to the far larger number of 

hospitalizations (4,537 vs. 1,202). 

 The association between respiratory disease and cardiovascular disease is an area 

of research that has received a great deal of attention in recent years [19-21].  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 [22-24].   A 

recent analysis of the ARIC data demonstrates that respiratory impairment predicts the 

development or recurrence of cardiovascular disease[25].  This relation, however, is 

decreased after adjusting for fibrinogen, a marker of systemic inflammation, which 

suggests that the relation between COPD and cardiovascular disease may be, in part, 

related to other factors [25].  In addition, there is evidence that smoking can also increase 

susceptibility to infection [26] and can increase levels of inflammatory markers in the 

serum [27]. 

 An interesting finding in this analysis was that people with normal lung function 

but respiratory symptoms (formerly known as GOLD Stage 0) had a risk of 
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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 [28].  Many of these people probably have cough or 

wheeze associated with asthma, gastroesophageal reflux, or sinusitis [29].  In some cases 

this may be an early manifestation of COPD [30].  In others, as this 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 both 

associated with diabetes [31-33] and predictive of the development of diabetes [11, 31].   

A novel finding in this analysis was a modest association of people with GOLD Stage 2 

or higher COPD 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 relation between respiratory impairment and diabetes might be an 

increased body mass index and altered respiratory compliance, weakness of the 

respiratory muscles, neuropathies, or other undefined factors. 

 In addition, this analysis found an association between GOLD Stage 2 and higher 

COPD and restriction on spirometry and the presence of hypertension.  Hypertension is 

an early manifestation of cardiovascular disease so a possible explanation of this 

association are that the same factors explaining the link between respiratory and 

cardiovascular disease are important here.   

 We also found that the presence of multiple comorbid diseases was significantly 
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increased among people 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 

hypothesizes the role of a chronic inflammatory process that results in the development 

of multiple chronic diseases [34].  Our 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 

 Strengths of this study include the two large cohorts of subjects, a reasonable 

length of follow-up, and well-defined outcome events.  The study participants were not 

chosen to reflect a national sample, however, so these results do not necessarily reflect 

what might be seen in the US population.  Even though this is a large study, however, 

subgroups of interest could be small, for example, 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 prebronchodilator spirometry, which may not have represented a 

true baseline for various reasons.  In addition, our restricted category was included based 

on a decreased FVC alone rather than the gold standard, total lung capacity 

measurements.    

 

CONCLUSIONS 

  In conclusion, we found a significant relation between respiratory impairment and 
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the presence of comorbid cardiovascular disease, diabetes mellitus, and hypertension.  

We also found that people with respiratory impairment are more likely to have two or all 

of these conditions and a significantly higher risk of death and hospitalizations, especially 

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 

to evaluate patients for respiratory impairment. 
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Table 1 – Demographics of the studied population and proportion with diabetes 
mellitus, hypertension, and cardiovascular disease (mean proportion of each row 
and standard error [SE] of the mean)  at baseline.      From the Atherosclerosis 
Risk in Communities Study 1986-1989 and Cardiovascular Health Study 1989-
1990 .  N=20,296 study participants 

 
 N (%) Diabetes Mellitus 

% (SE) 

Hypertension 

% (SE) 

Cardiovascular 

Disease % (SE) 

Age Group     

 45-49 4,096 (20.2) 8.1 (0.4) 24.5 (0.7) 9.7 (0.5) 

 50-54 3,978 (19.6) 10.6 (0.5) 32.0 (0.7) 11.9 (0.5) 

 55-59 3,751 (18.5) 12.9 (0.5) 38.1 (0.8) 14.8 (0.6) 

 60-64 3,516 (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 1,680 (8.3) 13.9 (0.8) 51.3 (1.2) 17.3 (0.9) 

 76-79 1,168 (5.8) 15.9 (1.1) 58.0 (1.4) 21.1 (1.2) 

 80 and older 1,670 (8.2) 15.4 (0.9) 62.4 (1.2) 27.4 (1.1) 

Sex     

 Female 11,258 (55.5) 12.0 (0.3) 40.8 (0.5) 13.1 (0.3) 

 Male 9,038 (44.5) 13.5 (0.4) 39.2 (0.5) 17.9 (0.4) 

Race     

 White 16,040 (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 

Smoker 

8,290 (40.9) 13.1 (0.4) 42.6 (0.5) 13.1 (0.4) 

 Former 

Smoker 

7,052 (34.8) 13.2 (0.4) 41.2 (0.6) 18.2 (0.5) 

 Never Smoker 4,954 (24.4) 11.1 (0.4) 34.3 (0.7) 14.6 (0.5) 

Education (years)    

 < 12 4,996 (24.6) 18.9 (0.6) 50.8 (0.7) 19.9 (0.6) 

 12 6,372 (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) 
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  20-24 6,288 (31.0) 6.3 (0.3) 30.1 (0.6) 13.4 (0.4) 

  25-29 8,100 (39.9) 11.7 (0.4) 39.9 (0.5) 15.4 (0.4) 

  >= 30 5,097 (25.1) 23.2 (0.6) 54.3 (0.7) 17.3 (0.5) 

GOLD Category*     

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

  GOLD 2 2,076 (10.2) 12.6 (0.7) 43.8 (1.1) 19.4 (0.9) 

  GOLD 1 2,892 (14.3) 10.1 (0.6) 40.4 (0.9) 18.7 (0.7) 

  GOLD 0 4,511 (22.2) 14.9 (0.5) 41.6 (0.7) 19.7 (0.6) 

  Restricted 2,868 (14.1) 19.0 (0.7) 47.7 (0.9) 16.6 (0.7) 

  Normal 7,419 (36.6) 9.7 (0.3) 34.3 (0.6) 9.0 (0.3) 

Total 20,296 12.7 (0.2) 40.1 (0.3) 15.2 (0.3) 

 

* Modified Global Initiative on Obstructive Lung Disease (GOLD)  stage 3 or 4 

(FEV1/FVC < 0.70 and FEV1 < 50% predicted), GOLD stage 2 (FEV1/FVC< 0.70 and 

FEV1 >= 50 to < 80% predicted), GOLD Stage 1 (FEV1/FVC < 0.70 and FEV1 >= 80%), 

restricted (FEV1/FVC >= 0.70 and FVC < 80% predicted), GOLD stage 0 (presence of 

respiratory symptoms in the absence of any lung function abnormality), and no lung 

disease. FEV1 is the forced expiratory volume in one second and FVC is the forced vital 

capacity. 



  Mannino et al                                    21 of  32                                  6/10/2008 

Table 2.  Multivariate regression, predictors of diabetes mellitus, hypertension and 

cardiovasacular disease.  Models are adjusted for age, sex, race, smoking status, 

education level, and body mass index.  From the Atherosclerosis Risk in Communities 

Study 1986-1989 and Cardiovascular Health Study 1989-1990.  N=20,296 study 

participants. 

 Diabetes Mellitus  

OR (95% CI) 

Hypertension 

OR (95% CI) 

Cardiovascular Disease  

OR (95% CI) 

GOLD Category*     

  GOLD 3 or 4 1.5 ( 1.1, 1.9 ) 1.6 ( 1.3, 1.9 ) 2.4 ( 1.9, 3.0 ) 

  GOLD 2 1.4 ( 1.2, 1.6 ) 1.4 ( 1.3, 1.6 ) 2.2 ( 1.9, 2.5 ) 

  GOLD 1 0.9 ( 0.8, 1.1 ) 1.1 ( 0.9, 1.2 ) 1.7 ( 1.5, 1.9 ) 

  GOLD 0 1.4 ( 1.3, 1.6 ) 1.2 ( 1.1, 1.3 ) 2.4 ( 2.1, 2.8) 

  Restricted 2.1 ( 1.9, 2.5 ) 1.5 (1.4, 1.7 ) 2.4 ( 2.1, 2.7 ) 

  Normal 1 1 1 

 

* See Table 1 for description of categories 
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Table 3 – Demographics of the studied population and proportion with  0, 1 , 2 or 3 

comorbid diseases (diabetes mellitus, hypertension, and cardiovascular disease, mean 

proportion of each row and standard error [SE] of the mean)  at baseline.      From the 

Atherosclerosis Risk in Communities Study 1986-1989 and Cardiovascular Health Study 

1989-1990 .  N=20,296 study participants. 

 N (%) No Comorbid 

Disease 

Mean % (SE) 

One 

Comorbid 

Disease 

Mean % (SE) 

Two Comorbid 

Diseases 

Mean % (SE) 

Three 

Comorbid 

Diseases 

Mean % (SE) 

Age Group      

 45-49 4,096 (20.2) 65.2 (0.7) 27.9 (0.7) 6.2 (0.4) 0.7 (0.1) 

 50-54 3,978 (19.6) 57.4 (0.8) 31.9 (0.7) 9.5 (0.5) 1.3 (0.2) 

 55-59 3,751 (18.5) 50.2 (0.8) 35.6 (0.8) 12.5 (0.5) 1.8 (0.2) 

 60-64 3,516 (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 1,680 (8.3) 39.6 (1.2) 42.1 (1.2) 14.6 (0.9) 3.8 (0.5) 

 76-79 1,168 (5.8) 31.1 (1.4) 46.4 (1.5) 18.8 (1.1) 3.7 (0.6) 

 80 and older 1,670 (8.2) 24.9 (1.1) 48.1 (1.2) 23.8 (1.0) 3.2 (0.4) 

Sex      

 Female 11,258 (55.5) 49.9 (0.5) 35.9 (0.5) 12.6 (0.3) 1.6 (0.1) 

 Male 9,038 (44.5) 47.7 (0.5) 36.7 (0.5) 13.1 (0.4) 2.5 (0.2) 

Race      

 White 16,040 (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 Smoker 8,290 (40.9) 53.7 (0.7) 34.0 (0.7) 11.0 (0.4) 1.4 (0.2) 

 Former Smoker 7,052 (34.8) 46.5 (0.6) 37.2 (0.6) 13.6 (0.4) 2.7 (0.2) 

 Never Smoker 4,954 (24.4) 48.1 (0.5) 36.9 (0.5) 13.2 (0.4) 1.9 (0.1) 

Education (years)     

 < 12 4,996 (24.6) 35.8 (0.7) 41.9 (0.7) 19.0 (0.6) 3.2 (0.2) 

 12 6,372 (31.4) 49.7 (0.6) 36.5 (0.6) 12.0 (0.4) 1.8 (0.2) 
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 > 12 8,928 (44.0) 55.6 (0.5) 32.9 (0.5) 9.9 (0.3) 1.6 (0.1) 

Body Mass Index     

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

  20-24 6,288 (31.0) 60.4 (0.6) 30.5 (0.6) 8.2 (0.3) 1.0 (0.1) 

  25-29 8,100 (39.9) 48.6 (0.6) 37.6 (0.5) 12.0 (0.4) 1.8 (0.1) 

  >= 30 5,097 (25.1) 33.7 (0.7) 41.7 (0.7) 20.6 (0.6) 4.0 (0.3) 

GOLD Category*      

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

  GOLD 2 2,076 (10.2) 44.5 (1.1) 37.6 (1.1) 15.6 (0.8) 2.4 (0.3) 

  GOLD 1 2,892 (14.3) 47.3 (0.9) 37.7 (0.9) 13.6 (0.6) 1.4 (0.2) 

  GOLD 0 4,511 (22.2) 45.5 (0.7) 36.1 (0.7) 15.3 (0.5) 3.2 (0.3) 

  Restricted 2,868 (14.1) 40.8 (0.9) 38.4 (0.9) 17.7 (0.7) 3.2 (0.3) 

  Normal 7,419 (36.6) 57.0 (0.6) 34.0 (0.6) 8.0 (0.3) 1.0 (0.1) 

Total 20,296 48.9 (0.4) 35.3 (0.3) 12.8 (0.2) 2.0 (0.1) 

 

* See Table 1 for description of categories 
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Table 4 – Results of Multinomial Logistic regression predicting the presence of 1, 2 or 3 

comorbid diseases (diabetes mellitus, cardiovascular disease or hypertension).  Models 

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

From the Atherosclerosis Risk in Communities Study 1986-1989 and Cardiovascular 

Health Study 1989-1990 and follow-up. N=20,296 study participants. 

  One Comorbid 

Disease 

OR (95% CI) 

  

Two Comorbid 

Diseases 

OR (95% CI) 

 

Three 

Comorbid 

Diseases 

OR (95% CI) 

GOLD Category*     

  GOLD 3 or 4 1.8 (1.5, 2.3) 2.9 (2.2, 3.8) 3.5 (1.9, 6.4) 

  GOLD 2 1.4 (1.3, 1.6) 2.4 (2.0, 2.9) 3.2 (2.2, 4.6) 

  GOLD 1 1.1 (0.96, 1.2) 1.4 (1.2, 1.7) 1.0 (0.7, 1.5) 

  GOLD 0 1.3 (1.2, 1.4) 2.1 (1.9, 2.4) 3.6 (2.7, 4.9) 

  Restricted 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 

 

* See Table 1 for description of categories 
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Figure 1.  Results from Cox-proportional hazard models that predict death within 5 years 

by modified GOLD* category and the presence of comorbid diabetes (A), hypertension 

(B), or cardiovascular disease (C).   Reference group for each graphic is people with 

normal lung function who do not have the comorbid disease of interest and models are 

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

the Atherosclerosis Risk in Communities Study 1986-1989 and Cardiovascular Health 

Study 1989-1990 

 

* See Table 1 for description of categories 
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Figure 2.  Results from Cox-proportional hazard models that predict death within 5 years 

by modified GOLD* category and the presence of no, one, two or three comorbid 

diseases (diabetes, hypertension, or cardiovascular disease).   Reference group for each 

graphic is people with normal lung function any comorbid disease and models are 

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

the Atherosclerosis Risk in Communities Study 1986-1989 and Cardiovascular Health 

Study 1989-1990 

 
* See Table 1 for description of categories
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Figure 3.  Results from Cox-proportional hazard models that predict first hospitalization 

within 5 years by modified GOLD* category and the presence of comorbid diabetes (A), 

hypertension (B), or cardiovascular disease (C).   Reference group for each graphic is 

people with normal lung function who do not have the comorbid disease of interest and 

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

index.  From the Atherosclerosis Risk in Communities Study 1986-1989 and 

Cardiovascular Health Study 1989-1990 

 

* See Table 1 for description of categories 
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Figure 4.  Results from Cox-proportional hazard models that predict first hospitalization 

within 5 years by modified GOLD* category and the presence of no, one, two or three 

comorbid diseases (diabetes, hypertension, or cardiovascular disease).   Reference group 

for each graphic is people with normal lung function any comorbid disease and models 

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

From the Atherosclerosis Risk in Communities Study 1986-1989 and Cardiovascular 

Health Study 1989-1990 

 

* See Table 1 for description of categories
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