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Abstract

Background—Obstructive lung disease (OLD) is associated with increased multimorbidity but 

few studies have examined its impact on mortality particularly in the older adult population. This 

study aims to investigate the impact of respiratory symptoms in current and former smokers with 

and without OLD on all-cause mortality.

Methods—This is a secondary analysis in a prospective cohort (the Health, Aging and Body 

Composition Study) in community-dwelling current and former smokers (N=596) aged 70-79 

years. Participants were categorized into 4 mutually exclusive groups based on the modified 

Medical Research Council Dyspnea Scale ≥1 and forced expiratory volume in the 1st second to 

forced vital capacity ratio <0.70. The groups were Less Dyspnea-No OLD (N=196), More 

Dyspnea-No OLD (N=104), Less Dyspnea-With OLD (N=162), and More Dyspnea-With OLD 

(N=134).

Results—53% in Less Dyspnea-No OLD, 63% in More Dyspnea-No OLD, 67% in Less 

Dyspnea-With OLD, and 84% in More Dyspnea-With OLD died within the 13- year follow up 

period (log-rank chi-square=44.4, p<.0001). The hazard ratio was highest for participants with 
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OLD, both with (HR=1.91, 95% CI 1.44 – 2.54; p<.0001) and without dyspnea (HR=1.52, (95% 

CI 1.15 – 2.02; p=.004). Participants without OLD but with dyspnea had a similar risk of death to 

subjects who had OLD but fewer symptoms.

Conclusions—OLD is associated with high risk of death with different risk profiles based on 

symptom group. Patients with symptoms of shortness of breath without OLD should be considered 

an at-risk group given their similar mortality to those with OLD with minimal symptoms.
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INTRODUCTION

There is a growing societal impact of obstructive lung disease (OLD) on quality of life, 

leading to economic consequences, and mortality. The age-adjusted prevalence of chronic 

obstructive pulmonary disease (COPD) in adults aged 40 years and over has increased by 

44% over the past 3 decades.1, 2 COPD is the third leading cause of mortality worldwide 

with mortality rates increasing with age.3, 4 Further, smoking is associated with more than 

50% the attributable risk of chronic OLD, especially COPD, and contributes to a large 

proportion of mortality in both high and low-income countries.5, 6 However, some smokers 

do not develop airflow obstruction (i.e. have preserved lung function) defined as a low 

forced expiratory volume in 1st second to the forced vital capacity ratio (FEV1/FVC) <0.70 

based on the modified Global Initiative for Chronic Lung Disease (GOLD)7 but nevertheless 

have symptoms including shortness of breath, cough, and wheeze.8 Despite this, there is a 

minimal data, particularly in older adults, on the diagnosis and health consequences of OLD.

Understanding risks associated with increased mortality in smokers with and without OLD 

is important because OLD is associated with increased economic burden and adverse health 

outcomes. Regardless of lung function, smokers with symptoms have high rates of 

respiratory exacerbations and activity limitation based on 6-minute walk distance.9-12 

Moreover, those with exacerbations have high healthcare use, report low health-related 

quality of life scores, demonstrate thoracic computed tomography evidence of emphysema 

or gas trapping, and were more likely to use respiratory medications despite a lack of 

evidence-based approach.9, 12-14 A recent task-force statement by the American Thoracic 

Society(ATS)/European Respiratory Society (ERS) emphasized the need for additional 

research in smokers with symptoms without an OLD or COPD diagnosis confirmed by 

spirometry, as well as the impact of age on the importance of identifying airflow limitation.
15

The primary aim of this study is to investigate the risk of symptoms in tobacco exposed 

older adults with and without spirometric evidence of OLD on all-cause mortality in the 

Health, Aging, and Body Composition (Health ABC) Study. We hypothesize that 

irrespective of lung function and tobacco exposure, older adults who are less symptomatic 

will have lower risk of mortality compared to those who are more symptomatic. Further, 

smokers with symptoms who also have OLD will have the highest mortality.
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METHODS

Study Population

The Health ABC Study protocol was approved by the University of Pittsburgh and the 

University of Tennessee, Knoxville Institutional Review Boards (Health ABC IRB approval 

# 960212 at the University of Pittsburgh and IRB approval # 5531 at the University of 

Tennessee, Knoxville). All participants provided written informed consent.

The Health ABC Study is a prospective cohort that enrolled 3,075 well-functioning, 

community dwelling older adults aged 70 to 79 years old between April 1, 1997 and July 31, 

1998. Participants were identified based on a random sampling of white Medicare 

beneficiaries and all age-eligible black community residents within designated zip code 

areas surrounding Pittsburgh, Pennsylvania, and Memphis, Tennessee. Participants were 

excluded if they had: a) had difficulty walking one quarter mile, walking up 10 steps, 

performing activities of daily living or, had mobility impairment b) were individuals with 

known life-threatening cancers; or c) planned to leave the area within 3 years. The present 

analysis includes 596 smokers (defined as self-reported current or former smokers with a 

smoking history of at least 20 pack-years) for whom complete adjudicated 13-year follow-up 

data were available. We excluded participants without complete data for pulmonary function 

testing, and 106 participants with FEV1/FVC ≥ 0.70 and FVC below the lower limit of 

normal (LLN) in order to minimize the misclassification of participants with restrictive 

ventilatory disease as having OLD.

Spirometry, OLD, and Symptom Definitions

Spirometry procedures were performed in accordance with international standards as 

described by the ATS/ERS.16 A more detailed description of the procedure is available.17

For this analysis, participants were categorized as with and without OLD according to the 

results on spirometry. Since spirometric testing in the Health ABC Study did not include 

post-bronchodilator reversibility testing, it was not possible to distinguish reversible from 

irreversible obstruction. OLD was defined by FEV1/FVC <0.70 per modified GOLD criteria.
8, 18 Symptoms were quantified using questions from the modified Medical Research 

Council Dyspnea Scale (MMRC), a validated scale that assesses perceived respiratory 

disability (see Table 1).19 Since cross-sectional studies in OLD have reported 70–80% 

prevalence of dyspnea using an MMRC of ≥1, an MMRC ≥1 was considered a threshold of 

higher symptoms.20, 21 A 12-month symptom history was obtained for daily cough, and 

wheeze using a standardized questionnaire.

Based on MMRC symptom profile and FEV1/FVC ratio, participants were categorized into 

4 mutually exclusive groups: MMRC <1 with FEV1/FVC ≥0.70 [Less Dyspnea-No OLD 

(N=196)], MMRC ≥1 with FEV1/FVC ≥0.70 [More Dyspnea-No OLD (N=104)], MMRC 

<1 with FEV1/FVC <0.70 [Less Dyspnea-With OLD (N=162)], and MMRC ≥1 with 

FEV1/FVC <0.70 [More Dyspnea-With OLD (N=134)].

Opina et al. Page 3

J Am Geriatr Soc. Author manuscript; available in PMC 2020 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Mortality

The Health ABC Diagnosis and Disease Ascertainment Committee reviewed all death 

certificates, hospital records, autopsy data, and used informant interviews to adjudicate the 

underlying and immediate cause of death. All diagnosis were verified based on hospital 

records, interviews, and death certificates by a panel of physicians.

Covariates

Age, gender, self-reported race (black or white), and site were obtained. Education was 

ascertained as the highest grade completed. Additional covariates were chosen based on 

their known relationship with mortality. These included pack years smoking and body mass 

index (BMI). Comorbidity count was based on the physician-diagnosed medical disease 

determined using algorithms of self-reporting, physician diagnosed medical disease, and 

medication use. The comorbidity count was constructed from adjudicated chronic health 

conditions using: cardiovascular disease, congestive heart failure, peripheral vascular 

disease, stroke, pulmonary disease, arthritis, diabetes mellitus, peptic ulcer disease, and 

cancer. Usual gait speed is a measure of functional status and is measured as time needed to 

walk a 20-meter straight course.22 The digit symbol substitution test (DSST) is a measure of 

cognitive function and requires sustained attention, response speed, set shifting, and visual 

spatial skills. Participants are asked to fill in a series of symbols correctly within 90 seconds, 

with higher scores indicating better performance.23

Statistical Analysis

All analyses were performed using SAS, version 9.4 (SAS Institute Inc., Cary, NC). For 

comparison among groups we used one-way analysis of variance, the Kruskal- Wallis test, 

and Chi-square test as appropriate. A Bonferroni-correction for each pairwise comparison 

between individual groups (with adjustments made for 6 pairwise comparisons across 4 

groups) was then used to examine individual differences between groups. A survival analysis 

was conducted amongst less dyspneic and more dyspneic current and former smokers with 

and without OLD. Mortality was examined with cox proportional hazard models using the 

above set of covariates. The association between odds of death with cognitive function, 

physical function, comorbid status were also examined using multivariable logistic 

regression controlling for age, sex, race, education, BMI, and pack year smoking history. All 

p-values are two sided with p value < 0.05 considered statistically significant.

In multiple sensitivity analyses, we re-ran all models by redefining (a) OLD as FEV1/FVC < 

LLN, an alternative to the fixed ratio (FEV1/FVC <0.70) definition and (b) dyspnea as an 

MMRC 2 since it is considered a threshold for more severe breathlessness. A third 

sensitivity analysis examined mortality in participants with a restrictive ventilatory defect, 

given their exclusion from the main analysis.

RESULTS

Demographics

We found that irrespective of the presence of OLD, groups with More Dyspnea were similar 

in age, gender, race, education, pack-year smoking history, had the highest comorbidity 
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counts, and lowest physical and cognitive function at baseline (Table 2). More Dyspnea-

With OLD had the lowest FEV1% and FVC% predicted and reported more symptoms of 

wheeze or cough amongst all groups (Figure 1). More Dyspnea-No OLD had the highest 

BMI, while groups with OLD, regardless of symptoms, had the lowest BMI. More Dyspnea-

With OLD were more likely to have physician diagnosed asthma, emphysema, or chronic 

bronchitis.

All-Cause Mortality

After 13-years of follow up, 103/196 (53%) in Less Dyspnea-No OLD had died as compared 

to 65/104 (63%) in More Dyspnea-No OLD, 109/162 (67%) in Less Dyspnea-With OLD, 

and 113/134 (84%) in More Dyspnea-With OLD. The corresponding 13-year Kaplan-Meier 

estimates for the median survival times are 12.5 yrs (95% CI 11.2 – 13.3 yrs) in Less 

Dyspnea-No OLD, 10.2 yrs (8.7 – 12.0 yrs) in More Dyspnea-No OLD, 9.8 yrs (8.4 – 10.9 

yrs) in Less Dyspnea-With OLD, and 7.2 yrs (5.8 – 8.4 yrs) in More Dyspnea-With OLD 

(log-rank chi-square=44.4, p<.0001) (Figure 2). More Dyspnea-With OLD was associated 

with the highest mortality compared to all groups after bonferonni correction (p<.05 for all 

group comparisons). Comparison of survival curves between Less Dyspnea-With OLD and 

More Dyspnea-No OLD showed no significant difference between these two groups (p= 

1.00).

In unadjusted models, the risk of death for More Dyspnea-No OLD compared to Less 

Dyspnea-No OLD (reference) was not significant (Table 3). The risk of death for Less-

Dyspnea-With OLD was 1.56 times higher (95% CI 1.19 – 2.04, p=.001) and the risk of 

death for More Dyspnea-With OLD was 2.45 times higher (95% CI 1.88 – 3.21, p<.0001) 

compared to Less Dyspnea-No OLD. In models adjusting for covariates, these trends in 

mortality persisted (Table 2). In the fully adjusted model there was a lower risk of death in 

Less Dyspnea-With OLD by 2%, HR 1.52 (95% CI 1.15 −2.02, p=.004) though this 

remained significant. The risk of death in More Dyspnea-With OLD was attenuated by 28%, 

1.91 (95% CI 1.44 – 2.54, p<.0001). When compared to Less Dyspnea-With OLD, the risk 

of death for More Dyspnea-No OLD was similar (HR 0.86, 95% CI 0.62 – 1.19, p=.35) and 

this also remained non-significant. However, while compared to More Dyspnea-With OLD, 

the risk of death for More Dyspnea-No OLD was 45% lower (HR 0.55 95% CI 0.41 – 0.75, 

p=.02).

A multivariate analysis of the impact of comorbid status, physical function, and cognitive 

function on the odds of death in all smokers regardless of their lung function and symptoms 

was subsequently done (Supplementary Table S1). Of these, faster gait speed and higher 

DSST scores (better cognitive function) were associated with lower odds of death. Higher 

comorbidity count was associated with higher odds of death.

Sensitivity Analyses

Survival is presented in Supplementary Figure S1 using FEV1/FVC < LLN as a cutoff to 

define OLD. Overall, the sensitivity analysis yielded similar results in unadjusted and 

adjusted models (Supplementary Table S3). However, there was higher risk of death in Less 

Dyspnea-With OLD (HR 1.50, 95% CI 1.04 – 2.15, p=.03) compared to More Dyspnea-
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Without OLD in fully adjusted models. While the risk of death between both groups with 

More Dyspnea was similar to the main analysis.

Survival is presented in Supplementary Figure S2 using MMRC of 2 to define the threshold 

of dyspnea. The sensitivity analysis yielded similar results for both groups with OLD in 

unadjusted and adjusted models to the main analysis (Supplementary Table S4). More 

Dyspnea-Without OLD had higher risk of death compared to Less Dyspnea-Without OLD 

(Reference), in all models. Similar to the main analysis, there was no difference in the risk 

of death between More Dyspnea-Without OLD and Less Dyspnea-With OLD. However, 

More Dyspnea-Without OLD and More Dyspnea-With OLD-With OLD also had similar risk 

of death.

Last, there was no difference in mortality or risk of death in adjusted and fully adjusted 

models in participants with a restrictive ventilatory defect compared to those without a 

restrictive ventilatory defect (Supplementary Figure S3 and Supplementary Table S5).

DISCUSSION

To our knowledge, this is the first study that investigates the risk of respiratory symptoms, 

specifically dyspnea, in older adults with history of current and former smoking and its 

relationship to mortality. Our study demonstrates that current and former smokers with 

dyspnea, regardless of the presence of OLD are at increased risk for 13-year mortality. The 

mortality risk differs across dyspnea profiles with participants with OLD and prominent 

respiratory symptoms, including cough and wheeze, having the highest mortality. While 

participants with Less Dyspnea-With OLD had better lung function, better physical function, 

less comorbid disease, lower risk for all-cause mortality compared to More Dyspnea-With 

OLD, their risk of death was still 56% and 52% higher compared to those with Less 

Dyspnea-No OLD (reference) in unadjusted and fully adjusted models. Somewhat 

unexpectedly, the risk of death for More Dyspnea-No OLD was similar to the Less Dyspnea-

With OLD group.

Our findings highlight the importance of evaluating not only lung function, but dyspnea, in 

patients at risk for OLD, which is in agreement with other studies derived from the US and 

Canadian populations.9, 11-13, 18 These studies demonstrated that despite normal FEV1, 

smokers with symptoms and preserved FEV1/FVC ratio have pathologic characteristics of 

chronic lung disease such as COPD however did not study mortality.9, 13 OLD has been 

associated with increased risk of death,18 and our study shows this association differs by 

dyspnea group. Smokers with dyspnea and preserved FEV1/FVC ratio (More Dyspnea-No 

OLD) had a similar mortality profile as smokers with less dyspnea who have an FEV1/FVC 

ratio <0.70 (Less Dyspnea-With OLD) and therefore should be considered an at-risk group. 

Further, More-Dyspnea-No OLD share similar demographic profile as the More Dyspnea-

With OLD group including low physical and cognitive function at baseline.

Our results provide novel data on the impact of physical and cognitive function on mortality 

in smokers. Older adults who smoke, who have a faster usual gait speed and higher DSST, 

independent of their symptoms, have a lower mortality risk. In COPD, a reduction in gait 
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speed has been associated with short-term mortality.24 However, improvement in gait speed 

in older adults has been shown to predict improved survival.25 Cognitive impairment without 

dementia pathology is also associated with mortality in older adults.26 Further, COPD has 

been shown to be a risk factor for cognitive impairment.27 As such, targeting co-occurring 

conditions including functional decline and cognitive impairment through early assessment 

and treatment may improve and impact survival.28 Our study suggest the assessment of 

physical and cognitive function is important in older adults with and without OLD and may 

present some opportunities to modify risk factors.

Our study is relevant to the under-diagnosis of OLD. We acknowledge the evidence that 

screening for OLD has shown that it could potentially lead to harm including increased false 

positive results in potentially healthy persons. However early diagnosis through screening 

can lead to early or modifications in pharmacologic or non-pharmacologic therapy.29 Low 

lung function is associated with mortality in OLD as well as risk of increased dyspnea and 

suggests the need for intervention.7, 18 These results suggest that these patients should be 

considered for early pharmacologic or non-pharmacologic therapy because of their increased 

risk for death. Further, our study shows that 9% in More Dyspnea-No OLD, 44% in Less 

Dyspnea-With OLD, and 78% in More Dyspnea-With OLD have an FEV1 % predicted 

<80% and therefore should be considered high risk related to multimorbidity and potential 

risk of death. The typical presentation of OLD, including asthma, in older adults, may lead 

to mis-diagnosis or under-diagnosis and therefore can lead to undertreatment due to 

multimorbidity patterns.30, 31 Older adults with asthma may have variable presentation and 

do not all present with airflow limitation.32 Further, there is no agreed upon spirometry 

defined cutoff for the diagnosis COPD in older adults.33 Studies have also shown some 

evidence of dissociation between lung function and symptoms of dyspnea, cough and 

wheeze suggesting that current standards need reassessment when evaluating for respiratory 

impairment in this group of patients.34, 35 Due to their high symptom burden and risk of 

death, development of diagnostic standards in older adults should be prioritized.

Our sensitivity analysis demonstrates the impact on the LLN and severity of dyspnea used to 

define our groups on mortality outcomes. Our sensitivity analysis for FEV1/FVC < LLN 

showed a lower risk of death in More Dyspnea-Without OLD compared to Less Dyspnea-

With OLD. In addition, our study show that those with an MMRC of ≥1 are at an overall 

increased risk of death. However, More Dyspnea-Without OLD with an MMRC of 2 may be 

at a risk comparable to More Dyspnea-With OLD. More studies are necessary to compare 

different approaches to provide precision outcome measures for these groups.

Our study has limitations. First, study participants in the Health ABC Study were selected 

based on voluntary participation and good functional capacity. Therefore, our study 

participants may not represent the general older adult population. Second, the Health ABC 

Study was not specifically designed to enroll participants with OLD. Post-bronchodilator 

spirometry was not performed on participants limiting the evaluation for chronic airflow 

limitation characteristic of COPD. Third, we cannot ascertain whether the reported dyspnea 

is due to cardiac, respiratory, or unexplained cause and cardiopulmonary exercise stress test 

was not done in the study. Supplementary Table S2 shows adjudicated physician diagnoses 

within each group. This demonstrates differences in comorbidity distribution including 
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higher prevalence of physician diagnosed coronary heart disease in groups with More 

Dyspnea compared to those with Less Dyspnea though similar prevalence of heart failure, 

vascular disease, cancer, and ulcer. Previous studies have showed that lower comorbidity 

burden was associated with OLD which was not seen in our study18. Perhaps this may be 

related to multimorbidity of aging or comorbidity burden related to COPD, a subset of OLD.
18, 36 Despite being a covariate in our models, comorbidity may be contributing factor to 

mortality. Lastly, the possibility of regression dilution cannot be excluded given the 13-year 

horizon.

Our study shows that participants with both dyspnea and OLD had significantly increased 

mortality when compared with less dyspneic smokers. Similar mortality was seen in 

participants with dyspnea but with normal lung function compared to those with less 

dyspnea but with OLD suggesting that the clinical relevance of normal spirometry (the first 

group) and less dyspnea (in the latter group) should not be underestimated. These results 

support the routine measurement of lung function in patients ≥65 years with ≥20 pack years 

smoking history. Future research should focus on the assessment of dyspnea with and 

without OLD in the older patient population with the goal of focusing on treatment 

guidelines that decrease mortality in these groups of patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Frequency of symptoms of cough and wheeze within each group of current and former 

smokers with or without obstructive lung disease (OLD). Each letter denotes categories 

whose group properties (A=Less Dyspnea-No OLD; B=More Dyspnea-No OLD; C=Less 

Dyspnea-With OLD; D=More Dyspnea-With OLD) differ significantly from each other at 

the p<.05 for each pairwise comparison (vs. the indicated group) with Bonferroni correction 

for multiple comparison across the 4 groups (6 comparisons).
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Figure 2. 
Kaplan Meier survival probability plot of less dyspneic and more dyspneic current and 

former smokers with and without obstructive lung disease (OLD) as a function of time 

(years). Each color represents the curves of a separate group.
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Table 1.

Dyspnea Symptoms Assessed Using the Modified Medical Research Council Dyspnea Scale

MMRC Grade 1

“Are you troubled by shortness of breath when hurrying on a level surface or walking up a slight hill?”

MMRC Grade 2

“Do you ever have to stop for breath when walking at your own pace on a level surface?”

or

“Do you have to walk slower than people your own age when on a level surface because of breathlessness?”

MMRC= Modified Medical Research Council Dyspnea Scale
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Table 2.

Baseline Characteristics of Current and Former Smokers With and Without Obstructive Lung Disease

Without OLD With OLD

Less
Dyspnea
N= 196

More
Dyspnea
N= 104

Less
Dyspnea
N= 162

More
Dyspnea
N= 134

P value

A B C D

Age, years 77.1 (2.7) 77.2 (2.7) 77.4 (2.7) 77.6 (3.1) .46

Gender .01

 Female 72 (37%) 52 (50%)C 49 (30%)B 48 (36%)

 Male 124 (63%) 52 (50%) 113 (70%) 86 (64%)

Race .08

 Black 69 (35%) 44 (42%) 45 (28%) 51 (38%)

 White 127 (65%) 60 (58%) 117 (71%) 83 (62%)

Education .002

 ≤ High-school 90 (46%)BD 70 (67%)A 85 (52%) 82 (61%)A

 Post-secondary 106 (54%) 34 (33%) 77 (48%) 52 (39%)

Current Smoking 35 (17%) 22 (21%) 44 (27%) 38 (28%) .09

Pack-years smoking 35 (25–53)CD 39 (26–54) 46 (29 –60)A 46 (31–61)A .02

*Lung Function

 FEV1, mL 2341.0 (585.7)BCD 2095.4 (593.2)AD 1962.2 (598.7)AD 1488.2 (517.9)ABC <.0001

 FEV1, % 103.4 (14.7)CD 99.3 (14.0)CD 81.4 (17.6)ABD 66.3 (22.5)ABC <.0001

 FVC, mL 3067.8 (773.8)BD 2716.9 (770.4)AC 3125.0 (846.9)BD 2546.4 (770.4)AC <.0001

 FVC, % 99.0 (14.0)D 95.0 (14.0)D 94.7 (17.1)D 81.8 (21.0)ABC <.0001

 FEV1/FVC 0.77 (0.05)C,D 0.77 (0.06)C,D 0.63 (0.07)A,B,D 0.58 (0.09)A,B,C <.0001

BMI, kg/m2 27.4 (4.5)BC 29.6 (4.4)ACD 25.1 (3.8)AB 26.4 (5.0)B <.0001

**Comorbidity Count

 0 67 (34%) 26 (25%) 64 (40%) 35 (26%) .03

 1 75 (38%) 35 (34%) 64 (40%) 45 (34%) .63

 ≥ 2 54 (28%) 43 (41%)C 34 (20%)BD 54 (40%)C .0002

Physician Diagnosed Pulmonary Disease

 Asthma 3 (2%)D 9 (8%)D 9 (6%)D 23 (17%)ABC <.0001

 COPD 2 (1%) 0 (0%) 3 (2%) 7 (5%) .02

 Emphysema 5 (3%)D 2 (2%)D 9 (6%)D 28 (21%)ABC <.0001

 Chronic bronchitis 10 (5%)D 14 (13%) 20 (12%)D 35 (26%)AC <.0001

UGS, m/s 1.15 (0.20)D 1.09 (0.21) 1.15 (0.20)D 1.04 (0.20)AC <.0001

DSST (range 0-133) 36.0 (14.5)D 33.6 (12.8) 33.2 (14.3) 31.7 (13.1)A .04

Note: Values are mean (SD), median (IQR), or N (%). Each superscript letter denotes categories whose column properties that differ significantly 
from each other at the p < .05 for each pairwise comparison (vs. the indicated group) with Bonferroni correction for multiple comparison across the 
4 groups (6 comparisons).

OLD=Obstructive lung disease; BMI= Body mass index; UGS= Usual gait speed; DSST=Digit symbol substitution test

*
FEV1% and FVC % predicted values are derived from reference equations 37
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**
Comorbidity count is defined from cardiovascular disease, congestive heart failure, peripheral vascular disease, stroke, pulmonary disease, 

arthritis, diabetes mellitus, peptic ulcer disease, and cancer
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Table 3.

Models for All-Cause Mortality Amongst Current and Former Smokers With and Without Obstructive Lung 

Disease

Less
Dyspnea-
No OLD

More
Dyspnea-
No OLD

P value Less
Dyspnea -
With OLD

P value More
Dyspnea-
With OLD

P value

Model 1 Reference 1.34
(0.98-1.82)

.07 1.56
(1.19- 2.04)

.001 2.45
(1.88- 3.21)

<.0001

Model 2 Reference 1.31
(0.96- 1.79)

.09 1.59
(1.20- 2.09)

.001 2.37
(1.81- 3.11)

<.0001

Model 3 Reference 1.39
(1.01- 1.91)

.04 1.46
(1.10- 1.94)

.009 2.29
(1.74- 3.02)

<.0001

Model 4 Reference 1.30
(0.95- 1.79)

.10 1.52
(1.15- 2.02)

.004 1.91
(1.44- 2.54)

<.0001

Data presented as hazard ratio (95% confidence interval).

OLD=Obstructive lung disease.

Model 1: Unadjusted.

Model 2: Adjusted for age, sex, race, study site.

Model 3: Model 2 + education, body mass index (BMI), BMI2 pack years smoking.

Model 4: Model 3 + comorbidity count, usual gait speed, digit symbol sign test score.
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