Letter to the Editor

The association between asthma and allergic
disease and mortality: A 30-year follow-up
study

To the Editor:

Over the last 30 years, rates of asthma and allergic disease have
increased markedly in the United States.'~ Little is known about
the long-term mortality burden of these conditions, which typi-
cally develop in children and young adults. It has been suggested
that asthma and allergy may represent a state of systemic immu-
nologic perturbation, perhaps with long-term consequences,” and
observational studies have linked allergic disease with cardiovas-
cular disease” and cancer.® A better understanding of the mortality
risk of asthma and allergy may direct resource allocation and
inform disease mechanism. We therefore investigated data avail-
able from the first National Health and Nutrition Examination
Survey Epidemiologic Follow-up Study (NHEFS) to determine
the association between asthma, food allergy, and hay fever,
and all-cause, cardiovascular, cancer, and respiratory mortality.
We further explored whether asthma-mortality associations may
be influenced by lung function in the subset of participants who
performed spirometry.

The NHEFS included a US-based full cohort of 14,407 subjects
aged 25 to 74 years who completed an interview and medical ex-
amination in 1971-1975. A subcohort of 6,913 underwent a more
detailed health interview and examination, including questions on
smoking and performance of spirometry (see Fig E1 in this arti-
cle’s Online Repository at www.jacionline.org). While the full
cohort oversampled certain groups considered at risk for malnu-
trition, the subcohort is considered nationally representative.
Follow-up occurred in 1982-1984, 1986, 1987, and 1992. The
NHEFS ascertained mortality through December 31, 2006, based
on deaths identified during previous follow-up and matching be-
tween NHEFS records and the National Death Index. Because a
smoking history was not obtained on the full cohort at baseline,
we used data obtained in 1982-1984 to ascertain smoking status.
Missing education, income, and smoking data were imputed. See
this article’s Online Repository at www.jacionline.org for addi-
tional methods.

We used Cox proportional hazard regression models to
determine the association between current asthma, food allergy,
and hay fever, and all-cause and cause-specific mortality. All
analyses were performed in STATA 12 (College Station, Tex)
using age as the underlying time metric and the 1982-1984 survey
as the start of follow-up. Analyses took place at the Research Data
Center at the National Center for Health Statistics in Hyattsville,
Maryland, because the mortality data through 2006 are consid-
ered restricted-use data.

At baseline, 3.6% of the subjects reported a history of doctor-
diagnosed asthma, 4.5% reported food allergy, and 8.6% reported
hay fever; 6800 (52.1%) died during follow-up. There were 2492
cardiovascular deaths, 1588 cancer deaths, and 539 respiratory
deaths. Demographic characteristics of NHEFS subjects are listed
in Table 1.

In the full cohort, a history of asthma was associated with a
statistically significant increase in respiratory and all-cause
mortality. Asthma was not associated with other cause-specific
mortality outcomes, and food allergy and hay fever were not

TABLE I. Demographic characteristics of NHEFS participants at
baseline (1971-1974)

Full cohort Subcohort
Characteristic (n = 13,042) (n =5,132)
Age (y), %
25-34 26.6 25.9
35-44 21.7 19.3
45-54 16.1 23.6
55-64 12.1 17.4
65-75 23.3 13.6
Race, %
White 83.6 89.2
African American 15.2 10.8
Other 1.2 —
Sex (%)
Male 39.6 45.3
Female 60.4 54.7
Education
<10th grade/special school 37.3 30.7
11th-12th grade 38.5 41.8
College/graduate 23.5 27.2
Missing 0.6 0.2
Annual income ($), %
<5,000 25.5 18.9
5,000-<10,000 29.3 26.4
>10,000-<15,000 20.9 24.0
>15,000 20.4 27.1
Missing 3.7 3.5
Smoking status, %*
Never 38.2 38.0
Ever 46.4 —
Current — 19.6
Former — 422
Missing 15.4 0.01
Pack years category, %*
0 NA 41.4
<30 31.5
30-60 15.6
>60 7.5
Missing 3.9

NA, Not applicable/available.

*The full cohort includes all NHEFS participants who met inclusion/exclusion criteria.
The subcohort includes all NHEFS participants who had additional spirometry performed
and further information obtained on smoking history. For the full cohort, smoking status
(never/ever) was obtained at the 1982-1984 survey. For the subcohort, smoking status
(never/ever/current) and pack-years smoked were obtained at baseline. A smoking history
was not obtained on all subjects at baseline. Please see this article’s Online Repository at
www.jacionline.org for methods and variable definitions.

associated with mortality of any cause (see Table E1 in this arti-
cle’s Online Repository at www.jacionline.org). The age-adjusted
hazard ratio (HR) for asthma and respiratory mortality was 2.22
(95% CI, 1.47-3.35; Table 1), which was similar after adjusting
for sex, income, education, race, and smoking history and exclu-
sion of subjects reporting a diagnosis of emphysema. In the sub-
cohort, we found that the age-adjusted hazard of respiratory
mortality associated with a history of asthma was 2.45 (95%
CI, 1.25-4.78), which was similar after adjusting for demographic
variables. However, after including smoking in the model, the HR
associated with asthma declined to 2.01 (95% CI, 0.92-4.42).
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TABLE II. HRs for asthma and all-cause and respiratory mortality, adjusting for demographic, smoking, and lung function characteristics

Respiratory mortality

Full cohort

Subcohort

Condition 1 2 3

1 2 5 6

Asthma
Mild obstruction

2.22 (1.47-3.35)* 2.26 (1.46-3.47)* 2.28 (1.50-3.47)*
Moderate to severe
obstruction

Restriction

2.22 (1.34-3.67)%

2.45 (1.25-4.78)*  2.51 (1.26-4.98)* 2.01 (0.92-4.42) 1.45 (0.67-3.14)
2.08 (1.34-3.24)*

5.86 (3.71-9.23)*

1.65 (1.09-2.47)*

Model 1 is adjusted for age. Model 2 is adjusted for age, sex, income, education, and race. Model 3 is the same as model 2, additionally adjusted for smoking history obtained at the
1982-1984 survey (ever/never). Model 4 is the same as model 3, excluding subjects with a history of bronchitis or emphysema. Model 5 is the same as model 2, additionally
adjusted for smoking history obtained at baseline (never/former/current) and pack-year history. Model 6 is the same as model 5, additionally adjusted for lung function category.

*Statistically significant (P <.05).

Further addition of lung function to the model resulted in an
adjusted HR of 1.45 associated with asthma (95% CI, 0.67-3.14).

In the full cohort, the age-adjusted HR for all-cause mortality
comparing those with and without a history of asthma was
significantly elevated (HR, 1.23; 95% CI, 1.07-1.42). This
remained significant after additionally adjusting for sex, income,
education, race, and smoking history and excluding subjects
reporting a diagnosis of emphysema. We did not find an associ-
ation between asthma and all-cause mortality in the subcohort
(age-adjusted HR, 1.07; 95% CI, 0.82-1.40). This discrepancy
may be due to differences in the asthma-mortality relationship
between the full cohort and the subcohort or a lack of power in this
smaller sample size (for further discussion, and exploration of
effect modification, see the Online Repository available at www.
jacionline.org).

We examined the association between asthma and allergic
disease and mortality in a population-based cohort with more than
30 years of follow-up. We identified an increased risk of respi-
ratory and all-cause mortality associated with a doctor’s diagnosis
of asthma. Asthma was not associated with the other specific
mortality causes we investigated, nor was food allergy or hay
fever associated all-cause or cause-specific mortality. Although
there was no indication of mortality risk in the United States due
to allergic disease per se, asthma was associated with an increased
risk of respiratory and all-cause mortality. In the subcohort in
which more detailed data on smoking history were available,
adjustment for confounding by smoking history attenuated the as-
sociation between asthma and mortality, raising the possibility
that residual confounding by smoking history may underlie
some of the excess mortality risk seen in the full cohort. Incorpo-
ration of lung function into the model caused further attenuation
of the association between asthma and respiratory mortality, sug-
gesting that the asthma-mortality association may be driven
largely by lung function abnormalities.

To our knowledge, this is the first report of an association
between asthma and increased risk of respiratory and all-cause
mortality. This contrasts with previous observations that identi-
fied null associations for asthma and all-cause mortality.”* How-
ever, 1 study included only young university students, and
another, while nationally representative, did not have the benefit
of a 30-year follow-up time. Our analyses within the subcohort
suggest that the respiratory mortality burden of asthma is ex-
plained, at least in part, by lung function abnormalities, rather
than by the general diagnosis of asthma. The factors that influence
lung function decline in asthma are not well understood, and

further study may help determine whether strategies aimed at pre-
vention of loss of lung function in asthma will have a mortality
benefit.

The strengths of our study include the large sample size, long
duration of follow-up, population-based design, and inclusion of
smoking history as a covariate. We included only deaths
occurring after the 1982-1984 follow-up, making it less likely
that assessment of allergic disease, asthma, and pulmonary
function was confounded by the presence of other medical
complications. Most of our predictors were based on a history of
a doctor’s diagnosis of asthma or allergy, which may be limited
by misclassification. However, our results are in general
agreement with studies using skin testing as an objective
measure of atopic disease that did not have the benefit of a
long follow-up time.” Our most prominent findings were with
respiratory mortality, which unlike all-cause mortality is subject
to potential misclassification, but we did detect a consistent sig-
nificant increase in all-cause mortality associated with asthma in
the full cohort. Because emphysema may be difficult to differen-
tiate from asthma clinically, we performed sensitivity analyses
excluding subjects with emphysema, which did not change our
overall results. Since the NHEFS baseline visit, fewer Ameri-
cans are smoking and improved asthma therapies have emerged,
which may improve the long-term mortality associated with
asthma and reduce lung function decline. Observing the long-
term mortality risk of asthma in recent populations with more
access to inhaled corticosteroids and long-acting bronchodilators
will be of value to determine whether these agents can poten-
tially modify the observed association between asthma and
mortality.

In conclusion, we identified a significantly increased risk of
respiratory and all-cause mortality in subjects with asthma.
Analyses in the smaller subcohort with more information on
smoking available suggests that residual confounding by smoking
history may underlie at least some of this observation. There were
no associations between asthma and cardiovascular or cancer
mortality or other allergic disease and an increased risk of
mortality from any cause. Our data do not support the theory
that allergy is a systemic inflammatory disease leading to
downstream immune dysregulation, cardiovascular disease, or
cancer. Within the subcohort, excess respiratory mortality risk
was largely explained by lung function abnormalities. Taken
together, these findings are reassuring but suggest that better
understanding of factors contributing to lung function decline and
efforts to prevent this may have a mortality benefit in asthma.
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All-cause mortality

Full cohort

Subcohort

1 2 3 4

1 2 5 6

1.23 (1.07-1.42)* 1.21 (1.05-1.39)* 1.22 (1.06-1.40)* 1.21 (1.03-1.42)*

1.07 (0.82-1.40) 1.08 (0.84-1.44) 1.07 (0.82-1.40) 1.00 (0.76-1.30)
0.96 (0.79-1.15)
1.57 (1.30-1.89)*

1.30 (1.14-1.49)*
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HUMAN STUDIES APPROVAL

Data collection for the NHEFS was approved by the National
Center For Health Statistics (NCHS) Research Ethics Review
Board. Analysis of de-identified data from the survey is exempt
from federal regulations for the protection of human research
participants. Analysis of restricted data through the NCHS Research
Data Center is also approved by the NCHS Ethics Review Board.

STUDY DESIGN

The NHEFS is a national longitudinal study designed to
investigate the relationships between clinical, nutritional, and
behavioral factors assessed in the first National Health and
Nutrition Examination Survey (NHANES I) and subsequent
morbidity, mortality, and hospital utilization, as well as changes
in risk factors, functional limitation, and institutionalization.®’
The NHEFS cohort includes all persons aged 25 to 74 years who
completed a medical examination at NHANES I in 1971-1975
(n = 14,407). Four follow-up studies have been conducted to
date. The 1982-1984 survey was designed to include all members
of the NHEFS cohort and involved conducting personal interviews
with subjects or their proxies; measuring pulse rate, weight, and
blood pressure of surviving participants; collecting hospital and
nursing home records of overnight stays; and collecting death cer-
tificates of decedents. Follow-up occurred in 1986, 1987, and 1992
using the same design and data collection procedures developed in
the 1982-1984 NHEFS, with the exception that a 30-minute
computer-assisted telephone interview was administered rather
than a personal interview and no physical measurements were
taken. The 1986 NHEFS was conducted for members of the
NHEFS cohort who were aged 55 to 74 years at their baseline ex-
amination and not known to be deceased at the 1982-1984 NHEFS
(n = 3,980). The 1987 NHEFS was conducted for the entire non-
deceased NHEFS cohort (n = 11,750). The fourth wave of data
collection, the 1992 NHEFS, includes the entire nondeceased
NHEEFS cohort (n = 11,195). Tracing rates for each completed
wave ranged from 90% to 94% and interview rates ranged from
91% to 96% of those traced. By the 1992 follow-up, 96% percent
of the study population had been successfully traced at least once.

VARIABLE DEFINITIONS
Demographic variables

Participants in the NHEFS completed an extensive question-
naire at baseline that included the demographic data of age, race,
sex, income, and education level. We classified total annual
family income and highest grade of school attended into ordinal
variables, with similar numbers of subjects in each group. For
income we used less than $5,000, $5,000 to less than $10,000,
$10,000 to less than $15,000, and more than $15,000 per year as
categories. An income of below $4,275 was considered poverty
for a family of four in 1972.% For education we used completion
of less than 10th grade or special school, 11th to 12th grade, or
attendance at college/graduate school as categories. Demographic
variables with more than 2 categories were incorporated into the
analytical models as categorical variables.

Participants were asked “has a doctor ever told you that you
have any of the following conditions, and if so, do you still
have it?” for asthma, allergies to food, hay fever, and chronic
bronchitis or emphysema (referred to simply as emphysema in the
main article). A history of allergic disease was considered positive
if they reported a current diagnosis of the above conditions. For
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bronchitis or emphysema, a history was considered positive if
they reported any diagnosis.

Smoking history

Full cohort: A smoking history was obtained on all located,
nondeceased subjects at the 1982-1984 follow-up. We classified
subjects as ever smokers if they reported ever smoking at least
100 cigarettes and never smokers if they did not.

Subcohort: At the baseline visit, a smoking history was ob-
tained only for participants in the subcohort. We considered par-
ticipants to be former smokers if they reported any previous use of
cigarettes (>100), cigars (>50), or pipes (>3 packages of tobacco)
but no current use. Intensity of use was available for cigarettes
only. We estimated pack-years of cigarette use by multiplying
the average number of cigarettes smoked daily when the subject
smoked the most by the number of years since starting smoking
regularly (for current smokers) or the number of years between
starting smoking and last smoking (for former smokers) and
dividing the product by 20. Pack-years was incorporated into
analyses as a categorical variable.

Pulmonary function data

Subjects who participated in the subcohort performed spirom-
etry using a spirometer (Model 800; Ohio Medical Instrument
Company, Inc, Cincinnati, Ohio). The procedures have been
documented previously.E3 Values used in this analysis included
forced vital capacity (FVC), FEV,, and the FEV/FVC ratio.
We determined predicted values of FEV, and FVC using pub-
lished spirometric reference values for Caucasians and African
Americans.”* We excluded 56 subjects whose race was catego-
rized as “other” given the lack of information on race and corre-
sponding spirometric reference values.

A subject was considered to have obstructive lung disease if the
FEV /FVC ratio was less than the predicted lower limit of normal
FEV,/EVC for age."*" Obstruction was considered mild (FEV,
>70% predicted) or moderate to severe (FEV; <70% predicted).
Subjects were considered to have restrictive disease if there was
no evidence of obstruction and the FVC was less than 80% of
the predicted value. The remaining subjects, without spirometric
evidence of restriction or obstruction, were considered the refer-
ence group. We included only those subjects who had reliable
spirometry results according to NCHS documentation.

Of the 6913 participants included in the subcohort, spirometry
data were available only on 5544 subjects. Although all members
of the subcohort were eligible for the spirometry portion of the
examination, subjects were excluded from performing spirometry
if a study physician did not provide permission, or if subjects could
not generate acceptable data because of poor effort or difficulty
comprehending instructions. Individual-level reasons for missing
spirometry data are not available in the NHANES documentation.

Mortality data and outcomes

Mortality-related data through 2006 including final mortality
status, age at death, age when last presumed alive, and underlying
cause of death are restricted variables and therefore these data
were accessed through the Research Data Center of the NCHS in
Hyattsville, Maryland, after an approval process.

The National Death Index (NDI) obtains the cause of death
from the death certificate, which is completed by an individual
licensed to do so by the state where death takes place. The
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underlying cause of death is provided on the death certificate in the
best medical opinion of the certifier. Only one underlying cause of
death may be listed by the certifying physician, though several
immediate causes of death may be listed. The listed underlying
cause of death is assigned an International Statistical Classification
of Diseases, 10th Revision (ICD-10) (or the International Classifi-
cation of Diseases, Ninth Revision, for deaths before 1999) diag-
nostic code by the NDI staff using a computerized nosology
coding system. The cause of death variable used in this analysis
was provided by the NDI and has 113 categories identified by
ICD-10 codes, where deaths before 1999 (which originally were
coded using the International Classification of Diseases, Ninth
Revision) were recoded by the NDI staff using ICD-10 codes.

We examined all-cause, cardiovascular, cancer, and respiratory
mortality. We used the /ICD-10 codes, available from the Research
Data Center, to classify causes of death as follows: cardiovascular
(eg, hypertension, ischemia, atherosclerosis, 100-113, 120-I51,
and I70-178), cancer (eg, malignant and benign neoplasms,
C00-C97 and D00-D48), and respiratory disease (eg, lower respi-
ratory infection, emphysema, and asthma, J10-J18, J20-J22, and
J40-J47).

EXCLUSION CRITERIA

We excluded 28 subjects from the full cohort who were listed as
having an age of more than 100 years in 2006, in accordance with
recommendations from the NCHS. We excluded an additional
1339 subjects who reported a history of tumor, congestive heart
failure, myocardial infarction, or stroke at the baseline visit.
These subjects were also excluded from the subcohort.

STATISTICAL METHODS

We tested the assumption of proportionality by examining log-
log plots (log[ —log(survival)] vs log of survival time) and using
Schoenfeld residuals after model fitting. All analyses met the
assumptions of proportionality.

We accounted for the complex survey design of the NHEFS by
incorporating strata and primary sampling units into our analyses.
To account for oversampling of some populations in the full
cohort and ensure results are representative of the general
population, we included sampling weights provided by NHANES
in the analyses. However, because the incorporation of NHANES
sample weights is controversial, we performed sensitivity ana-
lyses with and without sample weights.“**’ Results were similar
in analyses performed with and without the sampling weights
incorporated, and using the 1971-1975 visit or the 1982-1984
visit as the start of follow-up (data not shown). The unweighted
results using the 1982-1984 survey as the start of follow-up are
presented.

Missing data and imputation

Missing data for education, income, and smoking status at the
1982-1984 follow-up underwent multiple imputation using
chained equations.F‘8 Education, income, and smoking status
were imputed on the basis of sex, age, race, asthma and emphy-
sema history, and a derived variable indicating whether the sub-
ject died before or after age 56 years, the age the youngest
members of the cohort would be at the final follow-up time.

LETTER TO THE EDITOR 3.e2

ADDITIONAL ANALYSES
Comparison of subjects selected for the subcohort
who did and did not have spirometry data available
Because our point estimates for all-cause mortality associated
with asthma were slightly different between the full cohort and the
subcohort (age-adjusted HR in the full cohort, 1.23;95% CI, 1.07-
1.42; age-adjusted HR in the subcohort, 1.07; 95% CI, 0.82-1.40),
we compared the mortality risk in subjects selected to be in the
subcohort who did and did not have spirometry data available. We
found that in models adjusted for age, sex, race, income, educa-
tion, smoking status, and pack-years, subjects who completed
spirometry were protected from all-cause mortality (HR, 0.84;
95% CI, 0.76-0.93). We next examined whether there was an
interaction between asthma and spirometry performance on all-
cause mortality, and we did not find that there was a significant
interaction between spirometry performance and asthma on
mortality (P > .8 for Asthma X Spirometry performance interac-
tion). It is possible that in the subcohort, we are underpowered to
detect the association between asthma and all-cause mortality.
However, given that there are known differences between the
full cohort and the subcohort on whom spirometry data are avail-
able (eg, the full cohort oversampled the elderly and those at risk
for malnutrition while the subcohort was considered nationally
representative, and the subcohort with spirometry data is pro-
tected from mortality compared with the subcohort without
spirometry data), it is also possible that there are differences in
the relationship between asthma and all-cause mortality between
the 2 cohorts that we were unable to detect statistically.

Analysis of effect modification

We explored whether there was evidence of effect modification
by age, sex, race, and smoking history on the association between
asthma and mortality. We first generated interaction terms (eg,
Asthma X Age) and included these in adjusted models. For age,
we generated a dichotomous variable (</>40 years). We found
that for respiratory mortality, there was a significant interaction
between age and asthma on mortality in the full cohort, but not in
the subcohort, and that younger subjects with asthma have a
higher hazard of respiratory mortality than do older subjects with
asthma. In the full cohort, in models adjusted for age, sex, income,
education, race, and smoking status obtained at the 1982-1984
survey (ever/never), the hazard ratio for asthma among those aged
25 to 40 years was 5.88 (95% CI, 1.79-18.99). Among older
subjects aged 41 to 75 years, the HR for asthma was 2.04 (95% CI,
1.36-3.08; P value for interaction of asthma and age = .03). In the
subcohort, the adjusted HR for asthma among younger subjects
was 3.00 (95% CI, 0.19-47.80) and among older subjects it was
2.00 (95% CI, 0.86-4.60; P value for interaction of asthma and
age = .48). Because the interaction was not identified in the sub-
cohort, it is possible that the effect modification by age on respi-
ratory mortality is explained by smoking, as more information on
smoking is available in the subcohort. We did not find evidence
that there was an interaction between sex, race, and smoking
history and asthma on all-cause and respiratory outcomes.

ADDITIONAL INFORMATION

The findings and conclusions in this article are those of the
authors and do not necessarily represent the views of the Research
Data Center, the NCHS, or the Centers for Disease Control and
Prevention.
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FIG E1. Overall study design. NHANES | took place in 1971-1975. The NHEFS followed all individuals aged
25 years or older who had a medical examination at NHANES I. The NHANES | subcohort had additional

data collected including spirometry and detailed smoking history.
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TABLE E1. HRs for mortality according to asthma or allergic disease status within the full cohort (N = 13,040)
Mortality
Condition All-cause Cardiovascular Cancer Respiratory
Asthma

Age-adjusted hazard (95% CI)

Fully adjusted hazard (95% CI)
Food allergy

Age-adjusted hazard (95% CI)

Fully adjusted hazard (95% CI)
Hay fever

Age-adjusted hazard (95% CI)

Fully adjusted hazard (95% CI)

1.23 (1.07-1.42)*
1.22 (1.06-1.40)*

0.90 (0.79-1.02)
0.95 (0.82-1.12)

0.97 (0.86-1.09)
1.02 (0.90-1.15)

1.15 (0.93-1.41)
1.13 (0.92-1.40)

0.85 (0.69-1.05)
0.88 (0.70-1.11)

0.87 (0.74-1.02)
0.90 (0.77-1.06)

1.23 (0.92-1.60)
1.23 (0.93-1.62)

0.73 (0.53-1.02)
0.81 (0.58-1.13)

0.96 (0.78-1.18)
1.04 (0.84-1.28)

2.22 (1.47-3.35)*
2.28 (1.50-3.47)*

1.17 (0.75-1.81)
1.36 (0.87-2.13)

1.09 (0.79-1.62)
1.12 (0.78-1.61)

Full model adjusts for age, sex, income, education, race, and smoking status obtained at the 1982-1984 survey.

*Statistically significant (P < .05).
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