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Rationale: Studies have suggested heightened anxiety among adults
with asthma; the mechanism of this association is not known.
Objectives: To determine the association between post-traumatic
stress disorder (PTSD) symptoms and asthma among adults, and to
examine if this association is due to confounding by environmental
and genetic factors.

Methods: Data were obtained from twins in the Vietnam Era Twin
Registry, which includes male veteran twin pairs born between 1939
and 1956 who served during the Vietnam era (1965-1975). Measure-
ments included a symptom scale for PTSD, history of a doctor diag-
nosis of asthma, and sociodemographic and health confounding
factors. Co-twin control analytic methods used mixed-effects logistic
regression to account for the paired structure of the twin data and to
examine the association between PTSD symptoms and asthma in all
twins. Separate analyses were conducted within twin pairs and ac-
cording to zygosity.

Measurements and Main Results: PTSD symptoms were associated
with a significantly increased likelihood of asthma (Pieng < 0.001)
even after adjustment for confounding factors. Among all twins,
those in the highest quartile of PTSD symptoms were 2.3 times as
likely (95% confidence interval, 1.4-3.7) to have asthma compared
with those in the lowest quartile. These findings persist when ex-
amined within twin pairs and when stratified by zygosity.
Conclusions: Symptoms of PTSD were associated with an elevated
prevalence of asthma. Even after careful adjustment for familial/
genetic factors and other potential confounding factors, an associ-
ation between PTSD symptoms and asthma remains. Efforts to
understand this comorbidity may be useful in identifying modifiable
environmental risk factors contributing to this pattern and therefore
indeveloping more effective prevention and intervention strategies.
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There is a growing interest in the relationship between mental
disorders and asthma. Data suggesting an association between
a range of mental disorders and asthma come from clinical sam-
ples of adult outpatients (1-3), clinical samples of youths in a variety
of settings (4-10), and community samples of both adults (11-14)
and youths (15-18). Several studies demonstrate links between
asthma and suicidal ideation and behavior among youths (19) and
adults (20).

Although evidence of a link between depression and asthma
is inconsistent and results to date are mixed, anxiety disorders
are the mental disorders most strongly and consistently associ-
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AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

Little is known about the potential mechanisms of the
association between asthma and anxiety among adults, and
whether or to what degree genetic and/or environmental
risk factors may explain the link.

What This Study Adds to the Field

Our findings provide evidence of an association between
asthma and increased post—traumatic stress disorder symp-
toms in a community-based sample and suggest that this
association is not primarily explained by common genetic
influences.

ated with asthma in pediatric and adult clinical samples, as well
as in community-based samples (21, 22). More specifically, evi-
dence to date suggests that panic disorder and post—traumatic
stress disorder (PTSD) are the anxiety disorders most strongly
associated with asthma in clinical samples. For instance, among
adolescent psychiatric inpatients (9) and adolescent patients
with asthma, PTSD is related to asthma and asthma severity
(10). PTSD is also linked to asthma among adult primary care
patients (2). Studies have also shown a strong link between
asthma and panic disorder among adults in the community (23).
Yet, the link between asthma and PTSD has not been examined
in a nonclinical sample.

Although findings are relatively consistent in showing a link
between anxiety disorders and asthma, the underlying mecha-
nism remains unclear. One possibility is that asthma causes men-
tal disorders; a second possibility is that mental disorders cause
asthma. Few studies have examined the temporal relationship
between mental disorders and asthma. One study demonstrated
that asthma leads to an increased prevalence of panic attacks (13)
and suicidal behavior and completion (20), whereas another study
found that panic attacks lead to increased asthma activity (14).

Because evidence to date confirming a causal link between
the two is lacking, and the theoretical rationale for a purely
causal association is not clear, an alternative explanation is that
a common risk factor, either environmental or genetic, is shared
by mental disorders and asthma. One study that examined the
comorbidity of asthma and depression/anxiety disorders found
that the link was no longer evident after adjusting for the effects
of potentially confounding factors (23). However, this study did
not assess the possibility of a common genetic vulnerability to
both asthma and depression/anxiety disorders. Several studies
have documented higher rates of respiratory disease in relatives
of individuals with panic disorder (24) and depression (25), sug-
gesting a potential familial or genetic link. One environmental
factor that might contribute to both mental disorders and
asthma is exposure to trauma. Specifically, several studies show
a link between exposure to trauma earlier in life and increased
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risk of asthma or respiratory disease in adulthood (23, 26-28).
Yet, no previous study has specifically investigated the comor-
bidity of asthma and PTSD among adults in the community.

We conducted a co-twin control study (R11) of male Vietnam-
era twin pairs using the Vietnam Era Twin Registry (VET
registry) to examine the association between PTSD symptoms
and asthma. The goals of the current study are as follows: (/) to
determine the strength of the relationship between PTSD symp-
toms and asthma and (2) to examine if the association is due to
familial or genetic confounding factors.

METHODS

Sample

The VET registry is one of the largest national samples of twins in the
United States (29). The registry was assembled in the mid-1980s by the
Department of Veterans Affairs to address questions about the post-
discharge health of Vietnam-era veterans. Eligible registry members
were male twin pairs, born between 1939 and 1957, both of whom served
on active military duty during the Vietnam era (May 1965 to August
1975). Initial VET registry data were obtained from the military records;
a total of 7,375 male—male twin pairs were identified. All twin pairs lived
together in childhood.

A mail and telephone survey of all twin pairs was administered in
1987 to determine zygosity and basic health status, including PTSD
symptoms. A total of 4,774 twin pairs responded to this initial survey
for a 64% pairwise response rate. A subsequent mail and telephone sur-
vey conducted in 1991 assessed heart, lung, and blood disorders, includ-
ing asthma. In total, 3,698 twin pairs responded to this second survey.
The analytic sample of 3,065 twins for the current study included only
those twins who responded to both the 1987 and 1991 surveys and had
complete data for zygosity, PTSD symptoms, and asthma.

Measures

Zygosity was determined using a questionnaire similarity algorithm
supplemented with limited blood group typing from the military records
(30). This methodology is estimated to correctly classify zygosity in more
than 95% of twins (31, 32).

PTSD was assessed in the 1987 survey using a set of 15 questions
about the frequency of symptoms in the past 6 months. The question-
naire items were derived from the Diagnostic and Statistical Manual of
Mental Disorders, third revision, criteria and are similar to those used
in the PTSD Checklist (33) and Mississippi scale (34) of PTSD. The
five-level ordinal response categories ranged from very often = 5 to
never = 1. The items were summed to create a PTSD symptom scale.
The internal reliability, as measured by Cronbach’s a was 0.92, and the
6-month test-retest reliability was 0.57 (35). Categories for the PTSD
symptom score were created based on approximate quartiles. A history
of asthma was obtained in the 1991 survey, which included the single
item: “Has a doctor ever told you that you have asthma?”

We also had a set of sociodemographic and health confounding fac-
tors available from the 1987 and 1991 surveys. Variables included the
following: age, highest year of education attained, body mass index, cig-
arette smoking, a combat exposure index (36), and a single question on
doctor diagnosis of depression.

Statistical Methods

Descriptive analysis compared the prevalence of asthma according to
sociodemographic and health factors. We estimated the prevalence
of asthma (percentage) in all twins according to quartiles of the PTSD
symptom scale. We also estimated the monozygotic (MZ) and dizygotic
(DZ) twin correlations for asthma and the PTSD symptom scale.

The goal of a co-twin control analysis is to estimate the association
between a putative risk factor (PTSD symptoms) and an outcome of
interest (asthma). The statistical analysis of a co-twin control study
must use methods that account for the paired structure of the twin data
(37). We used a mixed-effects logistic regression approach (38) to
examine the relationship of PTSD symptoms with asthma taking into
account the paired structure of the data. In the mixed-effects regression
analyses, the twin pairs were defined as clusters and a separate random
effect for MZ and DZ pairs was included in all models. In this model,

the overall association between PTSD and asthma was estimated for all
pairs, with indicator variables created for quartiles and the first quartile
set as the reference level; a trend test was also conducted using the
ordinal categories. From this model, we estimated odds ratios and 95%
confidence intervals for each of the PTSD quartiles compared with the
reference level. All models were adjusted for sociodemographics and
health factors. We repeated this analysis estimating within-pair influ-
ences of PTSD symptoms on asthma; this analysis adjusts for familial/
genetic confounding effects as well as measured confounding factors.
Last, we stratified our within-pair regression analysis according to zygosity.
Analyses within MZ pairs are completely controlled for genetic influences
affecting both PTSD symptoms and asthma.

The prevalence estimates were obtained using SAS system for Win-
dows version 8 (SAS Institute, Cary, NC), and the mixed-effects
logistic regressions were performed using the MIXOR program (39).

RESULTS

The overall prevalence of asthma was 6% and was similar in MZ
and DZ pairs (Table 1). Twins with asthma were slightly younger
than those without (P < 0.05), but otherwise there were no
significant differences in sociodemographic characteristics or zy-
gosity between participants with and without asthma. Those with
asthma were significantly were more likely to have a history of de-
pression (P < 0.001) compared with those without asthma. There
were no significant differences in history of combat exposure or
cigarette smoking between twins with and without asthma.

The twin correlations for asthma were larger in MZ (ryz =
0.69) than DZ (rpz = 0.32) pairs, suggesting a genetic influence
(P < 0.001). Similarly, the twin correlations for the ordinal
PTSD symptom scale suggests a genetic influence with the
MZ correlation (ryz = 0.42) exactly twice the DZ correlation
(rpz = 0.21) (P < 0.001).

TABLE 1. CHARACTERISTICS OF VIETNAM ERA TWIN REGISTRY
TWINS ACCORDING TO ASTHMA DIAGNOSIS

Asthma
Characteristics Yes No
Total, n (%) 346 (6) 5,458 (94)
Zygosity, n (%)
Mz 190 (6) 3,102 (94)
Dz 156 (6) 2,356 (94)
Mean age in 1987, yr (SD)* 38.0 (3) 38.4 (3)
Mean BMI in 1987, yr (SD) 25.6 (4) 25.5(3)
Education, n (%)
Less than high school graduate 18 (9) 174 (91)
High school graduate or GED 100 (6) 1,640 (94)
Technical school 61 (7) 861 (94)
College 126 (6) 2,132 (94)
Graduate school 41 (6) 651 (94)
Cigarette smoking history, n (%)
Never 112 (6) 1,846 (94)
Former 106 (6) 1,663 (94)
Current 128 (6) 1,949 (94)
Combat exposure, n (%)
Did not serve in southeast Asia 210 (6) 3,361 (94)
Served in southeast Asia
No combat 26 (5) 516 (95)
Low combat 32 (5) 573 (95)
Medium combat 47 (7) 600 (93)
High combat 31 () 408 (93)
History of depression’
Yes 40 (10) 358 (90)
No 306 (6) 5,100 (94)
Mean PTSD symptom score in 1987 (SD)* 28.0 (11) 25.2 (9)

Definition of abbreviations: BMI = body mass index; DZ = dizygotic; MZ =
monozygotic; PTSD = post-traumatic stress disorder.

* P < 0.05.

P <0.001.
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valence of asthma (Figure 1). There is a strong and highly
significant monotonic association between PTSD symptoms and
the prevalence of asthma (Pyeng < 0.001). Odds ratio estimates
from the mixed-effects regression analysis in all twins indicate
a significant trend even after adjusted for potential confounding
factors (Table 2); there is a twofold increase in asthma for twins
in the highest PTSD symptom quartile compared with twins in
the lowest quartile (95% confidence interval, 1.4-3.7). There is
virtually no change in the magnitude of these odds ratios when
a within-pair analysis is conducted controlling for familial and
genetic factors.

Table 3 presents within-pair odds ratios for PTSD symptoms
and asthma after stratifying for zygosity and adjusting for con-
founding factors. The PTSD-asthma association continued to
be significant within DZ pairs (Pyeng = 0.04) and was margin-
ally significant within MZ pairs (Pyreng = 0.08). The magnitudes
of the odds ratios for the PTSD symptoms with asthma are
similar in both DZ and MZ pairs. There is perhaps a small
amount of genetic confounding as evidenced by the attenuation
of the effects in MZ pairs. The test of the difference between
the within-pair PTSD and asthma association in MZ and DZ
pairs is not significant (P = 0.94); this means that the within-pair
odds ratios for PTSD and asthma are similar in the both MZ
and DZ pairs.

TABLE 2. THE ASSOCIATION BETWEEN POST-TRAUMATIC
STRESS DISORDER SYMPTOMS AND ASTHMA

Our results are consistent with and extend previous knowledge
on the link between anxiety and asthma with three main find-
ings. First, these data suggest a strong and significant association
between asthma and PTSD symptoms among males in the com-
munity. Second, our results indicate that the association be-
tween PTSD symptoms and asthma is not explained by con-
founding with depression, cigarette smoking, or demographic
factors. Third, the results of the within-pair analysis show that
the link between PTSD symptoms and asthma is not explained
by common familial or genetic influences.

Previous population-based studies have documented links
between asthma and a range of anxiety problems. However, our
results provide the first evidence of a link between PTSD symp-
toms and asthma, because no previous investigation has included
PTSD and asthma in an adult community-dwelling sample.
Clinical data have suggested a strong association between PTSD
symptoms and asthma (10) in asthma treatment settings, as well as
in primary care (2). Asthma and anxiety disorders share a number
of common social and environmental risk factors, which may play
arole in their co-occurrence. Yet, although previous studies show
links between asthma and mental disorders, these generally have
not adjusted for a wide range of these factors. As such, our study
sought to control for a number of potential confounding factors

TABLE 3. THE ASSOCIATION BETWEEN POST-TRAUMATIC
STRESS DISORDER SYMPTOMS AND ASTHMA

Within-MZ Pair Within-DZ Pairs

All Twins Within-Pair Effects
PTSD Quartile OR* 95% ClI OR* 95% Cl
Quartile 1 (lowest) 1.0 1.0
Quartile 2 1.2 0.8-1.9 1.2 0.7-2.1
Quartile 3 23 1.5-3.5 2.4 1.4-4.0
Quartile 4 (highest) 23 1.4-3.7 2.0 1.1-3.6
Pirend Value <0.0001 <0.01

Effects Effects
PTSD Quartile OR* 95% Cl OR* 95% Cl
Quartile 1 (lowest) 1.0 1.0
Quartile 2 1.0 0.4-2.4 1.3 0.6-2.8
Quartile 3 2.7 1.1-6.4 2.1 1.1-4.3
Quartile 4 (highest) 1.8 0.7-4.9 2.0 0.9-4.4
Pirend Value 0.08 0.04

Definition of abbreviations: Cl = confidence interval; DZ = dizygotic; MZ =

Definition of abbreviations: Cl = confidence interval; OR = odds ratio; PTSD =
post—traumatic stress disorder.

* Adjusted for education, combat exposure, cigarette smoking, age, body
mass index, and depression in a mixed-effects logistic regression model account-
ing for twin pairs.

monozygotic; OR = odds ratio.

Pinteraction Value MZ vs. DZ within = 0.94.

* Adjusted for education, combat exposure, cigarette smoking, age, body mass
index, and depression in a mixed-effects logistic regression model accounting for
twin pairs.



986 AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE VOL 176 2007

that might explain the association between PTSD symptoms and
asthma. For example, we included educational attainment in our
models to account for socioeconomic status, which is related to
both anxiety disorders and asthma (40). Similarly, we adjusted for
cigarette smoking and body mass index, which are both associated
with anxiety disorders and asthma (41-44). Indeed, we found that
the link between PTSD symptoms and asthma was not fully
explained by any of these common factors. However, we did not
have all of the potential confounding factors that might explain
this relationship. For instance, risk factors for asthma, such as
exposure to cockroach allergen and environmental tobacco
smoke during childhood, were unavailable. As such, it is conceiv-
able that there are other environmental factors associated with
asthma and anxiety that play a role in this link and need to be
examined in future studies. Other possible factors include child-
hood abuse or exposure to adverse life events during childhood,
which have been linked with both asthma (23) and PTSD (45).
The current study also provides evidence of a significant link
between asthma and depression. This is consistent with growing
evidence that there is a relationship between asthma and de-
pression (11, 23) among adults; however, the association is less
clear among community samples of children (15). The association
of asthma with depression is also consistent with a recent study
that found a stronger association between asthma and depression,
compared with anxiety disorders, in a general-population study
of adults 60 years and older in Singapore (46). Therefore, the
inconsistency in the link between asthma and depression, com-
pared with asthma and anxiety, may be age related.

Our analysis included a combat exposure index as a cova-
riate. Traumatic exposure is a potential risk factor for asthma
(34) and is definitely associated with symptoms of PTSD (47).
However, combat did not attenuate the association between
PTSD symptoms and asthma. We did not have other measures of
traumatic exposure, such as childhood abuse, which are linked
with asthma (23, 26-28) in previous studies; it is possible that non-
combat trauma is more relevant to the development of asthma.
In addition, it may be that trauma plays a different role in the link
between anxiety disorders and asthma in females, compared with
males. The VET registry only includes male Vietnam-era veterans.

Our within-pair analysis of PTSD symptoms and asthma has
implications for understanding the etiology of asthma. We ob-
served only a modest change in the magnitude of the association
between PTSD symptoms and asthma, even when the analysis
was restricted to MZ pairs and adjusted for relevant confound-
ing factors. This implies that neither common familial nor
genetic factors can completely explain the relationship of PTSD
symptoms and asthma. The biologic mechanism of this associ-
ation is not known. It is conceivable that traumatic stress, which
has been associated with compromised immune functioning
(48-51), leads to increased vulnerability to immune-system—
related diseases, including asthma. This possibility may warrant
further examination in clinical and community samples. Alterna-
tively, it may be that having asthma places adults at increased risk
for PTSD as it increases the likelihood that they will be exposed
to a traumatic situation because they have a life-threatening
chronic medical condition. Longitudinal population-based stud-
ies could help to untangle the pathways linking mental health
and asthma. Such studies ideally would include detailed meas-
ures of trauma exposure, mental disorders, and physician diag-
noses of asthma, as well as objective and physiologic measures
of lung function.

Limitations of this study need to be considered when eval-
uating results. First, we did not have any information on timing
or severity of asthma. Asthma is a variable condition with mild,
moderate or severe, and persistent or intermittent diagnostic
status. A previous population-based study found that severity of

asthma may influence the link between asthma and mental
disorders (11). Furthermore, our measurement of PTSD symp-
toms in 1987 was not contemporaneous with the measurement of
a lifetime history of asthma in 1991. It would be desirable to
replicate our findings using more detailed information on asthma
severity and a longitudinal research design. Second, we were
unable to assess the link between asthma and other types of
anxiety because other forms of anxiety were not assessed. Third,
the study only included males; therefore, the results are not
generalizable to women. Fourth, there is a possibility of a bias
because individuals with more PTSD symptoms may seek out
medical care more frequently than those with fewer symptoms. In
addition, it is conceivable that individuals suffering from PTSD
may be more likely that those without PTSD to overreport physi-
cal illnesses, including asthma, contributing to the observed asso-
ciation. A recent study (52) showing a link between self-reported
mental health problems and impairment in lung function obtained
by physiologic measurement increases confidence that this result is
unlikely entirely due to self-report bias. Finally, because our data
are cross-sectional, we did not have the ability to discern the
temporal relationship between PTSD symptoms and asthma with
our survey data.

In summary, our findings provide initial evidence of a link be-
tween asthma and PTSD symptoms among males, and this finding
isnot explained by common demographic, familial, or genetic risk
factors. Asthma and PTSD are common, potentially debilitating,
and costly conditions both to the individual and society. Efforts to
understand their comorbidity may be useful in identifying modifi-
able environmental risk factors contributing to this pattern to
develop more effective prevention and intervention strategies.
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