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Abstract

Asthma and chronic obstructive pulmonary disease co-exist in a significant proportion of patients.
Whether asthma increases mortality risk among subjects with airflow limitation remains
controversial.

We used data from 2121 adult participants in the population-based TESAOD cohort. At
enrollment (1972-73), participants completed questionnaires and lung function tests. Participants
were categorized into four groups based on the combination of airflow limitation (AL: FEV1/
FVC<70%) and physician-confirmed asthma at baseline. Vital status as of January 2011 was
assessed through the National Death Index. Cox proportional hazards models were used to test
differences in mortality risk across the four AL/Asthma groups.

In multivariate Cox models, the AL+/Asthma+ group had a 114% increased mortality risk over the
follow-up as compared with the AL-/Asthma- group (adjHR: 2.14, 1.64-2.79). The corresponding
Hazard Ratios were 1.09 (0.89-1.34) and 1.34 (1.14-1.57) for the AL-/Asthma+ and AL+/
Asthma- groups, respectively. Among subjects with AL, asthma was associated with increased
mortality risk (1.58, 1.17-2.12). However, this increased risk was substantially reduced and no
longer significant after further adjustment for baseline FEV1 levels. Similar results were obtained
when AL was defined as FEV1/FVC<lower limit of normal.

In a population-based cohort subjects with concomitant AL and asthma had an increased risk of
dying, which was mainly related to their baseline lung function deficits.

Introduction

Asthma and chronic obstructive pulmonary disease (COPD) are highly prevalent obstructive

lung diseases that have partially distinct risk factors and clinical manifestations, although

they sometimes co-exist in the same patients(1-3). Chronic airflow limitation is the hallmark

of COPD(4) and at the population level asthma has been shown to be a major risk factor for
persistent airflow limitation(5) and to be a co-existing condition in up to 55% of cases of
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non-fully reversible airflow limitation(6). In this framework, the asthma-COPD overlapping
syndrome has been gaining increasing attention as a condition that may have unique
characteristics and require targeted disease management(7, 8).

A growing body of evidence indicates that cases with co-existing asthma and COPD have
higher health care costs(9-11) and higher degrees of disease severity(12, 13) than patients
with either disease alone. In the COPDGene study(13), as compared with patients with
COPD alone, those with both COPD and asthma were more likely to experience frequent
disease exacerbations, which in turn are known to be related to worse quality of life and
higher mortality risk(14, 15). In line with these observations, asthma phenotypes — such as
asthma attacks with eosinophilia(16) and bronchial hyper-responsiveness(17) — have been
associated with an increased risk of mortality from COPD and, conversely, the presence of
airflow limitation or a concomitant diagnosis of COPD has been found to increase mortality
risk among patients with asthma(18-21). In a population-based study(22), the combined
presence of self-reported MD-diagnosed asthma and COPD was associated with mortality
rates that were higher than those associated with either disease alone. However, in apparent
contrast with the above studies, several reports that identified patients from health care
databases through previous COPD-related hospitalizations or medication use found the
presence of concomitant asthma to be associated with no significant effects on, or even with
protection against, mortality risk(23-26).

The above discrepancies may be related to the use of population-based versus clinical
cohorts, with the latter being more likely to include moderate to severe forms of disease and,
in turn, less representative of the entire population of subjects with chronic airway
obstruction. The goal of our study was to use the population-based Tucson Epidemiological
Study of Airway Obstructive Disease (TESAOD) to determine the combined effects of
asthma and airflow limitation (defined as a low ratio between forced expiratory volume in
one second — FEV1 - and forced vital capacity - FVC) on all-cause mortality risk over nearly
40 years of follow-up.

Study population and vital status

TESAOD is a population-based prospective cohort study on non-Hispanic white households
initiated in Tucson, AZ in 1972. Details of the enrollment process have been previously
reported(28). At enrollment, TESAOD participants completed both a standardized
respiratory questionnaire and spirometric lung function tests according to methods
previously described(29). Twelve additional follow-up surveys were completed
approximately every two years up to 1996 and vital status of TESAOD participants was
updated through contact with family and designated next-of-kin and collection of death
certificates. In 2013, a review of vital status as of January 15t, 2011 for the TESAOD cohort
was completed through linkage with the National Death Index (NDI)(30). Causes of death
were determined based on death certificates for events that occurred up to 1978 and based
on NDI records for events that occurred after 1978.
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Baseline phenotype variables

Physician-confirmed asthma (hereafter referred to simply as asthma) was defined as a
positive report in the enrollment survey that the participant was told by a physician that he
or she had asthma. Years of formal education, smoking status, and number of pack-years
were assessed at baseline based on questionnaire information.

Consistent with previous TESAOD studies, percent predicted values for spirometric indices
were computed using reference equations generated in the same population by Knudson and
colleagues(31) and lower limit of normal (LLN) equations were derived from Hankinson
and colleagues(32). In this study, we used two definitions of airflow limitation at baseline
based on a FEV1/FVC ratio either below 70% or below the sex- and age-specific LLN
threshold. Low FEV1 was defined as FEV1 < 80% of the predicted value.

At the time of the spirometric test, study nurses measured participants’ weight and height.
Body mass index (BMI) was computed and BMI categories were defined as underweight
(<18.5), normal weight (=18.5 and <25), overweight (=25 and <30), and obese (=30).

Skin prick tests for allergens common in the Tucson area (house dust; Bermuda grass; tree
mix; weed mix; Dematiaceae mold mix) were completed at the baseline survey and positive
skin prick tests were defined as a wheal at least three mm larger than the control wheal for at
least one tested allergen.

Eosinophilia and serum IgE

Blood samples were collected at enrollment. Eosinophils were measured as percentages
from stained slides and blood eosinophilia was defined as eosinophils > 4%. Measurements
of serum total IgE were carried out in duplicate according to the paper radioimmunosorbent
test (PRIST) (Pharmacia Diagnostics, Piscataway, NJ) method.

Statistical analyses

For main analyses, we categorized subjects into four mutually exclusive groups defined by
the combination of airflow limitation and asthma status at baseline (airflow limitation/
asthma: no/no; nol/yes; yes/no; yes/yes). This process was repeated for each of the two
definitions of airflow limitation. For secondary analyses, to evaluate the impact that the
combination of low FEV1 and asthma had on mortality risk four mutually exclusive groups
were also generated based on the combination of FEV1 % predicted below 80% and asthma
status at baseline.

Analysis of variance (ANOVA) and y2 tests were used to compare baseline characteristics
across the four groups. IgE levels were log-transformed to achieve normality. Cox
proportional hazards models were used to investigate the association between the airflow
limitation / asthma groups and all-cause mortality. In these models, the starting date was the
date of completion of the baseline survey and the end date was the date of death if the
subject was deceased or January 15, 2011 if the subject was still alive as of that date. Cause-
specific mortality was analyzed in secondary analyses for the three most common causes of
death: heart disease, COPD, and cancer. For these analyses, we used competing risk
models(33) and results were also confirmed using Cox models with death events due to
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causes other than the specific cause of interest treated as censored observations. In all
analyses, household clustered sandwich estimators of standard errors were used. Three
subjects with missing smoking status and/or pack-year information were excluded from Cox
models. Seventy-four subjects with missing BMI information were categorized into a BMI
“missing” category and 392 subjects with missing eosinophilia information were categorized
into an eosinophilia “missing” category so that they could be included in Cox models to
maximize sample size in survival analyses.

Baseline characteristics

The relation

At baseline, 2495 non-Hispanic white TESAOD participants were between 21 and 80 years
of age. Of them, 2121 (85%) completed both questionnaire and lung function tests and were
included in the present study. As compared with the 374 subjects with incomplete
information, the 2121 subjects included in this study did not differ significantly in terms of
sex, age, education, BMI, smoking, or mortality rates during the follow-up.

Tables 1a and 1b show the baseline characteristics of participants across the four groups
defined by the combination of airflow limitation and asthma. When airflow limitation was
defined as FEV1/FVC < 70% (Table 1a), 78% of participants had neither airflow limitation
nor asthma, 8% asthma only, 11% airflow limitation only, and 3% both. Similar percentages
were found when airflow limitation was defined as FEV1/FVC < LLN (table 1b). Thus,
asthma occurred in 24% of subjects with airflow limitation and airflow limitation was
present in 31% of cases of asthma at the population level.

When airflow limitation was defined as FEV1/FVC < 70% (Table 1a), male sex, older age,
and lower education were associated with the presence of airflow limitation with or without
asthma. In contrast, being overweight or obese was associated with asthma, independent of
the concomitant presence of airflow limitation. The highest percentage of current smokers
was found in the group with airflow limitation only and, among smokers, the two groups
with airflow limitation had higher pack-years than did the two groups without airflow
limitation. High percentages of positive skin prick tests and high serum IgE levels were
found in the two groups with asthma. The group with both airflow limitation and asthma had
the highest percentage of eosinophilia and, of note, the lowest FEV1 levels.

When airflow limitation was defined as FEV1/FVC < LLN (Table 1b), similar trends were
found across the four groups, but sex distribution was not significantly different anymore
and age differences were reduced in magnitude.

of airflow limitation and asthma to all-cause mortality

As of January 2011, 1367 (64%) of the 2121 participants had died. Participants in the two
groups with airflow limitation had the highest mortality rates (Tables 1a and 1b). After
adjusting for age, sex, education, BMI categories, smoking status and pack-years, the two
groups with airflow limitation still had a significantly higher mortality risk than subjects
with no airflow limitation and no asthma (Table 2). This increased risk was greater in the
group with both airflow limitation and asthma. When airflow limitation was defined as
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FEV1/FVC < 70% (Model 1), as compared with subjects with no airflow limitation and no
asthma, the group with airflow limitation only had a 34% increase and the group with both
airflow limitation and asthma a 114% increase in all-cause mortality risk. When the two
groups were compared with each other, the risk associated with the presence of both airflow
limitation and asthma was significantly higher than that associated with the presence of
airflow limitation only (adjusted HR 1.60, 95% CI 1.19 to 2.14). In contrast, the presence of
asthma only (i.e., without airflow limitation) was not associated with an increased mortality
risk (adjusted HR 1.09, NS). Similar results were found when airflow limitation was defined
as FEV1/FVC < LLN (Model 2). After full adjustment, significant increases by 37% and
135% in mortality risk were found for the group with airflow limitation only and for the
group with both airflow limitation and asthma, respectively.

Additional inclusion of total serum IgE and eosinophilia as covariates in the models did not
modify the increased risk of mortality associated with the group with combined airflow
limitation and asthma (Table E1). However, when combination groups were based on FEV1
% predicted and asthma (Tables E2 and E3), the groups with FEV1 % predicted < 80%
showed similar mortality risks independent of whether they had or not asthma. These results
suggest that the increased mortality risk seen among subjects with airflow limitation and
asthma may be related to the lower FEV1 levels shown by this group.

Effects of asthma on mortality risk among subjects with airflow limitation

To test the above hypothesis and better characterize the effects of asthma on mortality risk
among subjects with airflow limitation, we restricted Cox PH models to the 310 participants
with FEV1/FVC < 70% (Table 3a) and to the 291 participants with FEV1/FVC < LLN
(Table 3b) at baseline and tested the effects of asthma with and without concomitant
adjustment for baseline FEV1 levels. After adjusting for sex, age, BMI, education, smoking
status, and pack-years, asthma was significantly associated with a 58% (adjusted HR 1.58,
95% CI 1.17 to 2.12) and a 64% (adjusted HR 1.64, 95% CI 1.18 to 2.29) increased
mortality risk among subjects with FEV1/FVC < 70% and among subjects with FEV1/FVC
< LLN, respectively (Model 1 in Tables 3a and 3b). However when Cox PH models were
further adjusted for baseline levels of % predicted FEV1, the association of asthma with
mortality was reduced by more than 50% and was no longer significant (Model 2 in Tables
3a and 3b). These results suggest that lung function deficits explained a large proportion of
the increased mortality risk associated with asthma. In line with this scenario, among
subjects with baseline FEV1 % predicted < 80% no asthma effects were found on mortality
risk (Table E3), and among subjects with airflow limitation at baseline COPD was the only
leading cause of death that was increased by the presence of a concomitant asthma diagnosis
at baseline (Table E4 and Figure 1).

Discussion

In this study, we found that in a cohort representative of the general adult population the
coexistence of airflow limitation and asthma doubled the risk of dying over the follow-up,
but these effects were mainly related to the baseline lung function deficits of this group.
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Asthmatics who develop airflow limitation and/or chronic lung function deficits have long
been known to be at increased risk of dying(18-21). In a Danish cohort of more than 1,000
outpatients with asthma, having FEV1 % predicted levels below 70% increased the risk of
dying during the study follow-up by several times(20). Similarly, a 10% increase in baseline
FEV1 % predicted was associated with a >20% reduction in mortality risk in a group of 89
patients with chronic asthma followed for 17 years(34). Therefore, it is not surprising that in
our study we found a mortality risk twice as high in subjects with asthma and airflow
limitation than in subjects with asthma alone.

Nonetheless, whether the presence of asthma increases the risk of dying among subjects
with COPD remains controversial. Using NHANES |11 data, Diaz-Guzman and colleagues
found that, as compared with participants who did not report either asthma or COPD, those
with COPD alone had a 44% increased risk but those with both COPD and asthma an 83%
increased risk of dying(22), suggesting stronger effects on mortality for the latter group. In
contrast, several studies that selected patients with COPD based on health care databases
and records of hospitalizations and/or treatment did not find increased mortality effects(23),
or even reported protective effects(24-26), of a concomitant asthma diagnosis. A possible
explanation for these apparently conflicting findings is that co-existing asthma represents a
marker of poor prognosis among subjects with airflow limitation in the general population
but not necessarily in selected clinical cohorts of COPD patients, which are likely to
represent the group of patients with the most severe forms of airflow limitation. At least
three observations are consistent with this scenario. First, previous reports from the
TESAOD study found decreased rather than increased mortality risk associated with asthma
when analyses were restricted to subjects with moderate to severe COPD at baseline(35).
Second, in our study only one third of the subjects with airflow limitation in the general
population had been seen by a doctor for COPD and this group had baseline FEV1 levels
that were >30% lower than those of subjects with airflow limitation but no COPD diagnosis
(data not shown). Finally, we did not find different mortality risks associated with asthma
when analyses were restricted to subjects with low lung function levels (i.e., FEV1 %
predicted < 80%) at baseline.

In line with these observations is also our finding that the increased mortality rates observed
in asthmatic subjects with airflow limitation were largely mediated by their decreased lung
function because adjustment for baseline FEV1 levels reduced by >50% the effects of
asthma on mortality risk among subjects with airflow limitation. In addition, the excess
mortality risk associated with asthma was mainly accounted for by death events that listed
COPD as the underlying cause of death, even though these cause-specific analyses should be
interpreted with caution because of the relatively small sample size.

We have previously reported(5) that, in the TESAOD cohort, subjects who developed
persistent airflow limitation in association with asthma and those who developed airflow
limitation without asthma showed different profiles of risk factors, with the main risk factor
being eosinophilia for the former and smoking for the latter. They also had different
trajectories of lung function, with lung function impairment largely related to early
adulthood deficits in the group with asthma and to accelerated decline of lung function
throughout adult life in the group without asthma. Whether and how these differences are
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related to the different mortality risks of these two groups remains to be determined. Also,
our study did not address specifically clinical differences at baseline between asthmatics
with and without airflow limitation that may, in turn, be related to their different mortality
risks. It is conceivable that the former are more likely to have more severe and persistent
forms of asthma, but this hypothesis should be addressed in prospective studies starting
ideally from childhood or young adult age. Finally, in TESAOD no bronchodilator test was
completed at baseline and therefore we do not know whether our findings would have been
any different if the four groups were defined using post-bronchodilator FEV1/FVC values as
recommended by the GOLD guidelines(4). Among the strengths of our study are the
population-based nature of the TESAOD cohort, the availability of objectively assessed
airflow limitation both based on fixed and LLN cut-offs of FEV1/FVC, and the nearly 40-
years long mortality follow-up.

In conclusion, in a sample of the general adult population we found subjects with the
concomitant presence of airflow limitation and a diagnosis of asthma to be at increased risk
of dying over the follow-up and these effects to be mainly related to their baseline lung
function deficits.
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Figure 1.

Years of follow up

Survival curves for mortality by COPD across the four AL/asthma groups based on Cox PH
models adjusted for sex, age, BMI categories, education, smoking status and pack-years. (A)
Survival curves for the four groups based on airflow limitation (AL) defined as FEV4/
FVC<70%. (B) Survival curves for the four groups based on airflow limitation defined as
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