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ABSTRACT

Objective: Asthma is an increasingly prevalent disease that is associated with substantial physical and
financial burdens. Additionally, asthma is linked to psychiatric disorders. This study examines the rela-
tionship between asthma diagnosis, current depressive symptoms, and lifetime psychiatric disorder
history in a large, community-based sample. Methods: We analyzed data from 2168 participants in the
Dallas Heart Study, a large, diverse, community-based sample of people designed to be representative
of the Dallas County population. Logistic regressions analyzing the relationship between asthma diag-
nosis and history of a psychiatric disorder, as well as between asthma diagnosis and the Quick Inven-
tory of Depressive Symptomatology (QIDS) scores were performed, controlling for demographic data.
Results: 13.4% of the sample had an asthma diagnosis. Asthma diagnosis was significantly associated
with a history of nervous, emotional, or mental health disorder diagnosis [OR 1.810 (95% Cl 1.280-2.559)
p = 0.001], and with QIDS scores consistent with moderate or greater current depressive symptom
severity [OR 1.586 (95%Cl 1.106-2.274) p = 0.012]. The relationships were not moderated by age, gender,
race, smoking status, or Body Mass Index. Conclusions: A diagnosis of asthma may be associated with
current clinically significant levels of depressive symptoms and a lifetime psychiatric disorder. The cur-
rent report adds to the existing literature in this area by assessing both current and lifetime symptoms
and by using a large and diverse population. The findings highlight the clinical importance of consid-
ering the possibility of psychiatric illness in asthma patients and suggest further research in this area
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is needed.

Introduction

Asthma is increasing in prevalence (1). Recent data sug-
gest that approximately 25.7 million people (8%) in the
United States have asthma. There are large racial dis-
parities in asthma, with African Americans being more
likely to be diagnosed with asthma. African Americans
with asthma also have higher rates of emergency depart-
ment visits and hospitalizations due to asthma, as well as
a higher asthma mortality rate than white persons (2).
In addition, asthma is associated with a large financial
burden. The 2016 Drug Trend Report ranks asthma as
the 10th most expensive traditional and specialty therapy
class in the United States with a cost of about 56 billion
dollars annually in the United States (3).

In addition to the financial and physical hardships
related to the disease, asthma patients may also be at an
increased risk for mental health disorders. Several reports
suggest that those with asthma have higher rates of anx-
iety and depression (4,5), as well as other psychiatric
disorders such as bipolar disorder (6) and schizophre-
nia (7). Furthermore, asthma has been associated with
increased likelihood of suicidal ideation and suicide

attempts among adults (8). A limitation of the existing
research is the generalizability of the findings since many
of the reports did not include diverse samples. A 2005 lit-
erature review by Opolski and Wilson concluded there
have been somewhat mixed and contradictory results
regarding whether there is a relationship between asthma
and depression (9).

A potential source of variability in prior studies is the
use of different and, sometimes, highly specialized par-
ticipant samples, such as male Israeli Army recruits (10)
or people completing fee-for-service preventive medical
examinations (11). The prevalence of depression and anx-
iety (12), as well as asthma (13), vary considerably by race
and ethnicity. Loerbroks et al. used data from the 2002
World Health Survey to examine the relationship between
asthma or wheezing and major depressive episodes in
245,727 people from 57 countries (14). In the overall
sample, asthma was associated with a greater likelihood
of depression (OR 2.37) with a somewhat stronger associ-
ation in men (OR 3.18) than women (OR 1.97). The ORs
varied widely by continent (ORs ranged from 1.66 in
Australia to 2.86 in South America) and the sex
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difference, while consistently present, varied greatly
between regions. Scott et al. used data from a survey
of 42,697 people in 17 countries to assess relationships
between asthma and 12-month anxiety, depressive, and
alcohol use disorders. The psychiatric disorders were
more common in people with asthma in some, but not
all, countries and the strength of the association was vari-
able among countries (15). Strine et al. used data from the
Behavioral Risk Factor Surveillance Survey, a random-
digit-dialed telephone survey, that collected depression
and anxiety data from 217,379 people in 38 states, plus
the District of Columbia, Puerto Rico, and the U.S. Virgin
Islands. In this sample, current depressive symptoms
(OR 2.4), lifetime diagnosis of depression (OR 2.3), and
lifetime diagnosis of anxiety (OR 2.2) were all more
common in asthma than in people without asthma (12).
Goodwin et al. used data from the Canadian Community
Health Survey to assess the relationship between asthma
and mental disorders (16). Asthma was associated with
a variety of mental disorders including depression (OR
1.66). The ethnic and racial composition of the partici-
pant sample was not discussed. Jiang et al. examined the
relationship between mental health and asthma in 9280
people using data from the Guangzhou Biobank Cohort
Study. Depressive symptoms and asthma demonstrated a
significant association which was greater for severe, than
moderate, depressive symptoms. In the current report we
evaluate a large and diverse (including people of different
races or cultures) community-based (involving a defined
“general population,” as opposed to hospital-based or
occupation-based population (17) adult cohort from Dal-
las County, Texas. Using data from this study, we report on
the relationship between asthma and a history of a mental,
emotional, or nervous disorder, as well as between asthma
and current depressive symptom severity. The potential
influence of sex and race/ethnicity on the findings is
explored. Our hypothesis was that asthma would be asso-
ciated with higher current depressive symptom severity
and higher rates of positive response to the lifetime
question about mental, emotional, or nervous disorders.

Methods

Study sample

This study analyzed data from the Dallas Heart
Study (DHS), a large, socially and ethnically diverse
community-based study that included adults living
in Dallas County, Texas. The first installation of the
DHS (DHS-1) was conducted from 2000 to 2002 and
the second installation (DHS-2) from 2007 to 2009.
DHS-1 consisted of an epidemiologic sample of Dallas
County adult residents except that African Americans

were intentionally overrepresented (approximately 50%
of the sample) to explore heart disease risk factors in
this subpopulation. DHS-2 included participants from
DHS-1 plus additional participants (e.g., family members
of DHS-1 participants) to replace participants lost to
attrition. While DHS was designed to study risk factors
associated with heart disease, participants were selected
to represent an epidemiologic sample of Dallas County,
not based on the presence of or increased risk for heart
disease. DHS included a wealth of information, such as
demographic and health data (e.g., asthma diagnosis),
nervous, emotional, or mental disorder diagnosis, and
Quick Inventory of Depressive Symptomatology (QIDS)
scores, which were all used in this study. Extensive infor-
mation about the design and recruitment methods of the
DHS can be found in Victor et al. (18).

All participants provided written informed consent as
approved by the University of Texas Southwestern Medi-
cal Center Institutional Review Board (IRB). We studied
participants who participated in both DHS-1 and DHS-
2 because QIDS data were obtained during DHS-2, while
asthma data were obtained during DHS-1.

A questionnaire administered to all participants in
DHS-1 asked “Has a doctor or other health professional
ever told you that you have any of the following health
conditions or health problems?” with “asthma” and “ner-
vous, emotional, or mental disorder” being listed as pos-
sible answer options. Participants answered “yes,” “no,’
“don’t know;” or “refuse to answer” The content of the
questions were developed by staff at UT Southwestern
for DHS-1. RTT survey methodologists then reviewed
the draft instrument based on RTTs cognitive assess-
ment tool, and suggested revisions. The initial extracted
dataset only included those who provided a “yes” or “no”
answer to both the asthma diagnosis question and the
nervous, emotional, or mental disorder diagnosis ques-
tion (2485 participants). The self-report version of the
QIDS that was used in the DHS is a 16-item self-rated
scale assessing depressive symptom severity. It has high
internal consistency (Chronbach’s alpha = 0.86) and total
scores correlate highly with the clinician-rated Hamilton
Rating Scale for Depression (HRSD) (19). Additional
information about the scale is available at www.ids-
qids.org. Those who had missing values for number of
years of completed education, missing values for QIDS,
or missing values for smoking and asthma history, were
excluded from the analysis (Figure 1). This resulted in a
final sample size of 2168.

Demographic and clinical assessment

Demographic data, including gender, race, age, and
years of completed education were collected. Due to the
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Figure 1. Final sample determination for logistic regression flow diagram.

overrepresentation of African Americans, we dichoto-
mized the race variable into African Americans and
“other” races. Questions about asthma and nervous, emo-
tional, or mental health diagnosis were dichotomized to
“yes” or “no” The QIDS is a validated 16-item self-report
survey used to determine depressive symptom sever-
ity (20,21). QIDS scores were dichotomized into <10
(n = 1925 (88.8%)) and >10 (n = 243 (11.2%)) because
scores greater than 10 are associated with moderate to
severe depressive symptom severity (19).

Statistical analysis

All statistical analyses were conducted using SPSS version
24 (IBM, Armonk, NY). Comparison of demographic
characteristics of participants included and excluded
from the analysis as well as among those without an
asthma diagnosis was performed using independent sam-
ple t-tests for continuous data and Pearson Chi-Square for
dichotomous data. Logistic regression was used to deter-
mine the relationship between asthma diagnosis (inde-
pendent variable) and nervous, mental, or emotional
disorder diagnosis, and between asthma diagnosis and
dichotomized QIDS scores (dependent variables). Age,
gender, ethnicity, years of completed education, body
mass index (BMI), and smoking status (1-current smoker;
0-not a smoker) were all controlled for in the analysis. Sta-
tistical significance was determined by a p value less than
0.05.

Results

The demographics of the study group and the excluded
group were similar (Table 1) except that participants
excluded due to missing data (n = 317) had, on aver-
age, 0.65 fewer years of education (p < 0.001) and were
1.36 years older (p = 0.029). A diagnosis of asthma was
reported in 290 of 2168 subjects (13.4%). A “yes” response
to the diagnosis of nervous, emotional, or mental disorder
was reported in 11.0% of subjects (n = 238), while QIDS
score of 11 or above (moderate depressive symptom sever-
ity) was noted in 11.2% of participants (n = 243). Partici-
pants diagnosed with asthma were demographically sim-
ilar to those without asthma except for having a greater
proportion of women (64.5% vs. 56.5%), and a 1.79 higher
average BMI (p < 0.001).

A logistic regression, controlling for age, gender, eth-
nicity, years of education completed, BMI, and smoking
status, was used to examine the relationship between diag-
nosis of asthma and diagnosis of nervous, emotional, or
mental disorder. After controlling for these covariates,
asthma diagnosis was highly significantly associated with
a “yes” response to this question (OR 1.810, CI 1.280,
2.559, p = .001) (Table 2). The odds ratio indicates that
an asthma diagnosis was associated with approximately
an 81% increase in frequency of a positive response to this
question.

A logistic regression, controlling for age, gender, eth-
nicity, years of education completed, BMI, and smoking
status, was also used to study the association between
the asthma diagnosis and the QIDS scores greater than
or less than or equal to 10 Table 3. After controlling for
these covariates, asthma was significantly associated with
a QIDS score of 11 or above (OR 1.586, CI 1.106, 2.274, p
= 0.012). The odds ratio indicates that an asthma diagno-
sis was associated with approximately a 59% increase in
frequency QIDS scores consistent with at least moderate
depressive symptom severity.

To explore the influence of demographic characteris-
tics on the results, age by asthma, gender by asthma, and
race/ethnicity by asthma interaction terms were created
and added to the regression models. In the psychiatric
disorder regression, age by asthma (p = 0.848), gender by
asthma (p = 0.789), ethnicity by asthma (p = 0.730), BMI
by asthma (p = 0.507), and smoking status by asthma
(p = 0.576) were not significant. In the QIDS > 10
regression, age by asthma (p = 0.076), gender by asthma
(p = 0.929), ethnicity by asthma (p = 0.145), BMI by
asthma (p = 0.281), and smoking status by asthma
(p = 0.215) were also not significant. Since, none of
the interaction terms were significant (all p > 0.05),
subgroups analyses were not conducted (22). Medication
history information was very limited.

Discussion

Among participants in a large, diverse, community-
based sample of adults in Dallas County, asthma diag-
nosis was associated with a 64% increased likelihood of
depressive symptoms of at least moderate severity and a
90% increased likelihood of lifetime diagnosis of a ner-
vous, emotional, or mental disorder. These findings are
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Table 1. Demographics of study participants (asthma and non-asthma groups) and excluded participants.

Asthma vs. Study vs.
Study participants Asthma No asthma non-asthma excluded.
Variables (n = 2168) (n =290) (n =1878) p-value Excluded (n = 317) p-value
Sex [n (%)] 0.010 0.789
Male 920 (42.4) 103 (35.5) 817 (43.5) 132 (41.6)
Female 1248 (57.6) 187 (64.5) 1061 (56.5) 185 (58.4)
Race/ethnicity 0.277 0.225
[n (%)]
Non-Hispanic African American 1111 (51.2) 140 (48.3) 971 (51.7) 174 (54.9)
Non-Hispanic White 721(33.3) 114 (39.3) 607 (32.3) 84 (26.59)
Hispanic 291 (13.4) 28(9.7) 263 (14.0) 56 (17.7)
Other 45(2.) 8(2.8) 37(2.0) 3(0.9)
Smoking Status 0.320 0.532
[n (%)]
Current smoker 489 (22.6) 72 (24.8) 417 (22.2) 57 (24.4)
Not a smoker 1679 (77.4) 218 (75.2) 1461 (77.8) 177 (75.6)
Age in years 50.42 (10.3) 50.23 (10.4) 50.45 (10.3) 0.736 51.78 (10.2) 0.029
[M(SD)]
Education in 12.69 (2.2) 1274 (2.0) 12.68 (2.2) 0.676 12.04 (2.5) <0.001
years [M(SD)]
Body Mass 31.28 (7.5) 32.83(8.7) 31.04(7.2) <0.001 30.87(7.5) 0.377
Index (BMI)
[M(SD)]

Table 2. Logistic regression analysis of the relationship between
asthma and nervous, emotional, or mental disorder diagnosis.

All Participants

Variable OR(95%Cl) P Value

Asthma (yes vs. no) 1.810 (1.280-2.559) 0.001
Gender (female =0, male =1) 0.501(0.371-0.677) <0.001
Age 1.017 (1.003-1.031) 0.015
Ethnicity (African American vs. other) 0.699 (0.527-0.928) 0.013
Education 0.944 (0.892-0.999) 0.045
Body Mass Index (BMI) 1.006 (0.987-1.025) 0.545
Smoking Status (not a smoker =0,  2.147(1.583-2.912) <0.001
current smoker =1)

consistent with previous studies demonstrating a link
between asthma and depressive symptoms, as well as
between asthma and other mental health disorders. For
example, Trojan et al. found that asthma diagnosis was
associated with a 41% increased likelihood of current
depressive symptoms and a 64% increased likelihood of
lifetime depression in a sample of mostly (>94%) white

Table 3. Logistic regression analysis of the relationship between
asthma and QIDS scores >10 and <10.

All Participants

Variable OR (95%Cl) PValue
Asthma (yes vs. no) 1.586 (1.106-2.274) 0.012
Gender (female =0, male =1) 0.458 (0.335-0.626)  <0.001
Age 0.985 (0.972-0.999) 0.030
Ethnicity (African American vs. other) 1.408 (1.051-1.885) 0.022
Education 0.830 (0.787-0.875) <0.001

Body Mass Index (BMI)
Smoking Status (not a smoker =0,
current smoker =1)

1.018 (1.000-1.036) 0.05
1.951(1.439-2.644) <0.001

patients undergoing fee-for-service preventive medical
examinations (11). Lev-Tzion et al. found a 20% increased
likelihood of mental health disorder among Israeli male
army recruits who had asthma (10).

However, a study in 54 countries by the World Health
Organization found highly variable relationships between
asthma and depression by country (ORs ranged from 0.5
in Senegal to 13.0 in Burkina Faso) (23). These findings
suggest that factors such as environment, culture, and
demographics may influence the relationship between
asthma and depression. The current report adds to the
existing literature by finding a relationship between cur-
rent depression and lifetime psychiatric disorders, and
asthma, in a large and diverse population. The lack of sig-
nificant moderating effects of age, gender, race/ethnicity,
BMI, and smoking status suggests that, at least in in
the current sample, the relationship between asthma and
depression was not driven by these participant character-
istics. Thus, the increased risk of depression or other psy-
chiatric disorders may be generalizable, at least within res-
idents of Dallas County.

The mechanisms linking depression and asthma are
not clear. One possible explanation is the physical and
financial burden of asthma. Possibly supporting illness
burden as a potential mechanism are data suggesting
greater frequency of clinically significant depression and
anxiety in patients with severe, as compared to mild-
moderate, asthma (24) . Additionally, the inflammatory
response associated with asthma may affect the brain.
Research suggests that pro-inflammatory cytokine treat-
ment is related to the development of depression (25,26).
The use of systemic corticosteroids is also associated



with the development of psychiatric symptoms, including
depression (27). Genetics could also be a factor. A Finnish
study on identical and fraternal twins found that in 64%
of cases, the link between depressive symptoms and atopic
illness was related to family history and other genetic
influences (28). Serotonergic symptoms may also play a
role in the relationship between asthma and depression. A
polymorphism in a serotonin transporter gene was associ-
ated with asthma and depression in one report (29). Addi-
tionally, platelet serotonin is implicated in allergic air-
way inflammation (30). Hippocampal volume reduction,
a much replicated finding in depression, is also reported
in people with asthma (31-33).

The findings have clinical implications. The data high-
light the need for awareness of the elevated risk for psy-
chiatric disorders by physicians treating asthma patients.
Screening for depression using tools such as the QIDS
might be considered. When diagnosed, the depression
could be treated or referrals provided. This could be asso-
ciated with improved clinical outcomes because some
data suggest that improvement in depressive symptoms is
associated with improvement in asthma control (34,35).

A limitation of this study is that asthma and psychiatric
symptom data were obtained by self-report. However,
self-reported asthma has relatively high sensitivity (0.86)
and specificity (0.99) compared to a diagnosis based on
primary care clinician records (36). The QIDS, while
designed to assess depressive symptom severity, not
to make a depression diagnosis, is a validated instru-
ment that shows strong correlations with clinician rated
depression scales (20,21). For example, as discussed in the
methods section, the QIDS shows good internal consis-
tency and sensitivity to change, and correlates highly with
the widely used clinician-rated HRSD. Furthermore, the
QIDS demonstrated good reliability and construct valid-
ity in a sample of depressed asthma patients (37). The
question about lifetime psychiatric symptoms was devel-
oped for the DHS, and was not from a validated instru-
ment. Another study limitation is the paucity of clinical
data regarding asthma severity or medication use, and the
specific types of nervous, emotional, and mental disorders
reported. Thus, we were not able to control for clinical
features of asthma. However, the analyses controlled for
demographic characteristics. A possible limitation is that
asthma was assessed at DHS-1 and depression several
years later at DHS-2. This limitation is minimized by the
fact that the screening questions ask if “a doctor or other
health professional ever told you that you have” asthma.
Because the question assesses lifetime, a yes answer
would presumably always remain yes. Some people may
have developed asthma between DHS-1 and DHS-2.
However, the presence of these persons with asthma in
the non-asthma group would presumably diminish, not
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enhance, the strength of our positive findings, and lead
to type II rather than type I error. It is possible that the
generalizability of the study might have been reduced by
oversampling for African American persons. However,
the oversampling allowed for a more meaningful assess-
ment of ethnic and racial differences. These differences,
based on the non-significant interaction term, did not
appear to influence the relationship between asthma
and depression. Strengths of this study include its large
sample size and diverse, community-based population.
An additional strength was assessment of both current
and lifetime psychiatric symptoms. Current symptoms
(QIDS) only offer a snapshot of symptoms that may be
transient or chronic. Lifetime symptom questions do not
provide information about whether the symptoms are
current. Thus, inclusion of both types of data provides a
more complete picture of symptomatology. A limitation is
that, due to the information available in the DHS dataset,
the two assessments are different in scope.

In summary, this report from a large, community-
based sample observed elevated rates of both current
depressive symptoms and lifetime psychiatric disorders
in patients with a lifetime diagnosis of asthma. The find-
ings provide additional evidence supporting a relation-
ship between asthma and psychiatric illnesses.

Declaration of interest

Dr. Brown had a research grant from NIH, The Stanley Med-
ical Research Institute, and Otsuka. Dr. Khan reports research
funding from NTH, a speaker honorarium from Genentech, and
service on a data and safety monitoring committee for Aim-
mune. Ms. Akula and Ms. Kulikova have nothing to declare.
Research reported in this publication was supported, in part,
by the Science Teacher Access to Resources at Southwestern
(STARS) program and the National Center for Advancing
Translational Sciences of the National Institutes of Health
under award Number UL1TR001105. The content is solely the
responsibility of the authors and does not necessarily represent
the official views of the NIH.

ORCID

E. Sherwood Brown © http://orcid.org/0000-0002-8401-3743

References

1. Lundback B, Backman H, Lotvall J, Ronmark E. Is
asthma prevalence still increasing? Expert Rev Respir Med
2016;10(1):39-51. doi:10.1586/17476348.2016.1114417.

2. Akinbami L], Moorman JE, Bailey C, Zahran HS, King M,
Johnson CA, et al. Trends in asthma prevalence, health
care use, and mortality in the United States, 2001-2010.
Hyattsville, MD: National Center for Health Statistics;
2012.


http://orcid.org/0000-0002-8401-3743
https://doi.org/10.1586/17476348.2016.1114417

6 (& M.AKULAETAL

3.

10.

11.

12.

13.

14.

15.

16.

Company ESH. Express Scripts 2016 Drug Trend Report.
Express Scripts Holding Company. 2017 Febuary 2017.
http://lab.express-scripts.com/lab/drug-trend-report
/executive-summary

. Goodwin RD, Robinson M, Sly PD, McKeague IW, Susser

ES, Zubrick SR, et al. Severity and persistence of asthma
and mental health: A birth cohort study. Psychol Med
2013;43(6):1313-1322. d0i:10.1017/S0033291712001754.

. Alonso ], de Jonge P, Lim CC, Aguilar-Gaxiola §,

Bruffaerts R, Caldas-de-Almeida JM, et al. Asso-
ciation between mental disorders and subsequent
adult onset asthma. ] Psychiatr Res 2014;59:179-188.
doi:10.1016/j.jpsychires.2014.09.007.

. Wu MK, Wang HY, Chen YW, Lin PY, Wu CK,

Tseng PT. Significantly higher prevalence rate of asthma
and bipolar disorder co-morbidity: A meta-analysis and
review under PRISMA guidelines. Medicine (Baltimore)
2016;95(13):e3217. doi:10.1097/MD.0000000000003217.

. Wang WC, Lu ML, Chen VC, Ng MH, Huang KY, Hsieh

MH, et al. Asthma, corticosteroid use and schizophrenia:
A nationwide population-based study in Taiwan. PLoS One
2017;12(3):e0173063. doi:10.1371/journal.pone.0173063.

. Goodwin RD, Eaton WW. Asthma, suicidal ideation, and

suicide attempts: Findings from the Baltimore epidemi-
ologic catchment area follow-up. Am ] Public Health
2005;95(4):717-722. d0i:10.2105/AJPH.2003.019109.

. Opolski M, Wilson I. Asthma and depression: A pragmatic

review of the literature and recommendations for future
research. Clin Pract Epidemiol Ment Health 2005;1(1):18.
doi:10.1186/1745-0179-1-18.

Lev-Tzion R, Friedman T, Shochat T, Gazala E, Wohl Y.
Asthma and psychiatric disorders in male army recruits
and soldiers. Isr Med Assoc ] 2007;9(5):361-364.

Trojan TD, Khan DA, Defina LF, Akpotaire O, Good-
win RD, Brown ES. Asthma and depression: The Cooper
Center Longitudinal Study. Ann Allergy Asthma Immunol
2014;112(5):432-436. doi:10.1016/j.anai.2014.02.015.
Strine TW, Mokdad AH, Balluz LS, Gonzalez O, Crider R,
BerryJT, et al. Depression and anxiety in the United States:
Findings from the 2006 behavioral risk factor surveil-
lance system. Psychiatr Serv 2008;59(12):1383-1390.
doi:10.1176/ps.2008.59.12.1383.

Rhodes L, Bailey, CM, Moorman JE. Asthma preva-
lence and control characteristics by race/ethnicity
United States, 2002. Morbidity and Mortality Weekly
Report: Center for Disease Control and Preven-
tion (CDC); 2004;53(07);145-148. https://www.cdc.
gov/mmwr/preview/mmwrhtml/mm5307al.htm
Loerbroks A, Herr RM, Subramanian S, Bosch JA. The
association of asthma and wheezing with major depres-
sive episodes: an analysis of 245 727 women and men
from 57 countries. Int ] Epidemiol 2012;41(5):1436-1444.
doi:10.1093/ije/dys123.

Scott KM, Von Korff M, Ormel ], Zhang MY, Bruf-
faerts R, Alonso J, et al. Mental disorders among adults
with asthma: Results from the World Mental Health
Survey. Gen Hosp Psychiatry 2007;29(2):123-133.
doi:10.1016/j.genhosppsych.2006.12.006.

Goodwin RD, Pagura J, Cox B, Sareen J. Asthma and
mental disorders in Canada: Impact on functional impair-
ment and mental health service use. ] Psychosom Res
2010;68(2):165-173. doi:10.1016/j.jpsychores.2009.06.005.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Laupland KB, Zygun DA, Davies HD, Church DL, Louie
TJ, Doig CJ. Population-based assessment of intensive
care unit-acquired bloodstream infections in adults: inci-
dence, risk factors, and associated mortality rate. Crit
Care Med 2002;30(11):2462-2467. d0i:10.1097/00003246-
200211000-00010.

Victor RG, Haley RW, Willett DL, Peshock RM,
Vaeth PC, Leonard D, et al. The dallas heart study:
A population-based probability sample for the multi-
disciplinary study of ethnic differences in cardiovas-
cular health. Am J Cardiol 2004;93(12):1473-1480.
doi:10.1016/j.amjcard.2004.02.058.

Rush A], Trivedi MH, Ibrahim HM, Carmody TJ,
Arnow B, Klein DN, et al. The 16-item quick inven-
tory of depressive symptomatology (QIDS), clinician
rating (QIDS-C), and self-report (QIDS-SR): A psy-
chometric evaluation in patients with chronic major
depression. Biol Psychiatry 2003;54(5):573-583. doi:
10.1016/S0006-3223(02)01866-8.

Rush AJ, Gullion CM, Basco MR, Jarrett RB, Trivedi
MH. The inventory of depressive symptomatology (IDS):
Psychometric properties. Psychol Med 1996;26(3):477-86.
doi:10.1017/50033291700035558.

Rush AJ, Giles DE, Schlesser MA, Fulton CL,
Weissenburger J, Burns C. The inventory for depressive
symptomatology (IDS): Preliminary findings. Psychiatry
Res 1986;18(1):65-87.d0i:10.1016/0165-1781(86)90060-0.
Wang R, Lagakos SW, Ware JH, Hunter DJ, Drazen JM.
Statistics in medicine-reporting of subgroup analyses in
clinical trials. N Engl J Med 2007;357(21):2189-2194.
doi:10.1056/NEJMsr077003.

Wong KO, Hunter Rowe B, Douwes J, Senthilselvan A.
Asthma and wheezing are associated with depression and
anxiety in adults: an analysis from 54 countries. Pulm Med
2013;2013:929028. doi:10.1155/2013/929028.

Amelink M, Hashimoto S, Spinhoven P, Pasma HR, Sterk
PJ, Bel EH, et al. Anxiety, depression and personality
traits in severe, prednisone-dependent asthma. Respir Med
2014;108(3):438-444. do0i:10.1016/j.rmed.2013.12.012.
Eyre H, Baune BT. Neuroplastic changes in
depression: A role for the immune system. Psy-
choneuroendocrinology 2012;37(9):1397-1416.
doi:10.1016/j.psyneuen.2012.03.019.

Voorhees JL, Tarr AJ, Wohleb ES, Godbout JP, Mo X,
Sheridan JF, et al. Prolonged restraint stress increases
IL-6, reduces IL-10, and causes persistent depressive-like
behavior that is reversed by recombinant IL-10. PLoS One
2013;8(3):e58488. doi:10.1371/journal.pone.0058488.
Brown ES, Chandler PA. Mood and cognitive changes
during systemic corticosteroid therapy. Prim Care
Companion J Clin Psychiatry  2001;3(1):17-21.
doi:10.4088/PCC.v03n0104.

Wamboldt MZ, Hewitt JK, Schmitz S, Wamboldt FS,
Rasanen M, Koskenvuo M, et al. Familial association
between allergic disorders and depression in adult
Finnish twins. Am ] Med Genet 2000;96(2):146-153.
doi:10.1002/(SICI)1096-8628(20000403)96:2<146::AID-
AJMG4>3.0.CO;2-].

Chen RZ, Zhu M, Wang T, Ji YL. [Expression of serotonin
receptor and transporter related genes of CD4+ T lympho-
cytes in patients with asthma and depression]. Sichuan Da
Xue Xue Bao Yi Xue Ban 2016;47(2):222-226.


http://lab.express-scripts.com/lab/drug-trend-report/executive-summary
https://doi.org/10.1017/S0033291712001754
https://doi.org/10.1016/j.jpsychires.2014.09.007
https://doi.org/10.1097/MD.0000000000003217
https://doi.org/10.1371/journal.pone.0173063
https://doi.org/10.2105/AJPH.2003.019109
https://doi.org/10.1186/1745-0179-1-18
https://doi.org/10.1016/j.anai.2014.02.015
https://doi.org/10.1176/ps.2008.59.12.1383
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm5307a1.htm
https://doi.org/10.1093/ije/dys123
https://doi.org/10.1016/j.genhosppsych.2006.12.006
https://doi.org/10.1016/j.jpsychores.2009.06.005
https://doi.org/10.1097/00003246-200211000-00010
https://doi.org/10.1016/j.amjcard.2004.02.058
https://doi.org/10.1016/S0006-3223(02)01866-8
https://doi.org/10.1017/S0033291700035558
https://doi.org/10.1016/0165-1781(86)90060-0
https://doi.org/10.1056/NEJMsr077003
https://doi.org/10.1155/2013/929028
https://doi.org/10.1016/j.rmed.2013.12.012
https://doi.org/10.1016/j.psyneuen.2012.03.019
https://doi.org/10.1371/journal.pone.0058488
https://doi.org/10.4088/PCC.v03n0104
https://doi.org/10.1002/(SICI)1096-8628(20000403)96:2<146::AID-AJMG4>3.0.CO;2-J

30.

31.

32.

33.

34.

Idzko M, Pitchford S, Page C. Role of platelets in
allergic airway inflammation. ] Allergy Clin Immunol
2015;135(6):1416-1423. doi:10.1016/j.jaci.2015.04.028.
Arnone D, McIntosh AM, Ebmeier KP, Munafo
MR, Anderson IM. Magnetic resonance imaging
studies in unipolar depression: systematic review and
meta-regression analyses. Eur Neuropsychopharmacol
2012;22(1):1-16. doi:10.1016/j.euroneuro.2011.05.003.
Brown ES, Hughes CW, McColl R, Peshock R, King
KS, Rush AJ. Association of depressive symptoms
with hippocampal volume in 1936 adults. Neu-
ropsychopharmacology 2014;39(3):770-779. doi:
10.1038/npp.2013.271.

Carlson SM, Kim J, Khan DA, King K, Lucarelli RT,
McColl R, et al. Hippocampal volume in patients with
asthma: Results from the Dallas heart study. ] Asthma
2017;54(1):9-16. doi:10.1080/02770903.2016.1186174.
Brown ES, Vigil L, Khan DA, Liggin JD, Carmody TJ, Rush
AJ. A randomized trial of citalopram versus placebo in

35.

36.

37.

JOURNALOF ASTHMA (&) 7

outpatients with asthma and major depressive disorder: a
proof of concept study. Biol Psychiatry 2005;58(11):865-
870. doi:10.1016/j.biopsych.2005.04.030.

Brown ES, Howard C, Khan DA, Carmody TJ. Esci-
talopram for severe asthma and major depressive dis-
order: A randomized, double-blind, placebo-controlled
proof-of-concept study. Psychosomatics 2012;53(1):75-80.
doi:10.1016/j.psym.2011.07.009.

van Gelder MM, Schouten NP, Merkus PJ, Verhaak CM,
Roeleveld N, Roukema J. Using web-based questionnaires
and obstetric records to assess general health character-
istics among pregnant women: a validation study. ] Med
Internet Res 2015;17(6):e149. doi:10.2196/jmir.3847.
Brown ES, Murray M, Carmody TJ, Kennard BD, Hughes
CW, Khan DA, et al. The quick inventory of depres-
sive symptomatology-self-report: A psychometric evalua-
tion in patients with asthma and major depressive disor-
der. Ann Allergy Asthma Immunol 2008;100(5):433-438.
doi:10.1016/S1081-1206(10)60467-X.


https://doi.org/10.1016/j.jaci.2015.04.028
https://doi.org/10.1016/j.euroneuro.2011.05.003
https://doi.org/10.1038/npp.2013.271
https://doi.org/10.1080/02770903.2016.1186174
https://doi.org/10.1016/j.biopsych.2005.04.030
https://doi.org/10.1016/j.psym.2011.07.009
https://doi.org/10.2196/jmir.3847
https://doi.org/10.1016/S1081-1206(10)60467-X

	Abstract
	Introduction
	Methods
	Study sample
	Demographic and clinical assessment
	Statistical analysis

	Results
	Discussion
	Declaration of interest
	ORCID
	References

