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ABSTRACT
Background: Asthma is a major source of morbidity among World Trade Center (WTC) rescue and
recovery workers. While physical and mental health comorbidities have been associated with poor
asthma control, the potential role and determinants of adherence to self-management behaviors
(SMB) among WTC rescue and recovery workers is unknown. Objectives: To identify modifiable deter-
minants of adherence to asthma self-management behaviors in WTC rescue and recovery worker
that could be potential targets for future interventions. Methods: We enrolled a cohort of 381 WTC
rescue and recovery workers with asthma. Sociodemographic data and asthma history were collected
during in-person interviews. Based on the framework of the Model of Self-regulation, we measured
beliefs about asthma and controller medications. Outcomes included medication adherence, inhaler
technique, use of action plans, and trigger avoidance. Results: Medication adherence, adequate
inhaler technique, use of action plans, and trigger avoidance were reported by 44%, 78%, 83%, and
47% of participants, respectively. Adjusted analyses showed that WTC rescue and recovery workers
who believe that they had asthma all the time (odds ratio [OR]: 2.37; 95% confidence interval [CI]:
1.38–4.08), that WTC-related asthma is more severe (OR: 1.73; 95% CI: 1.02–2.93), that medications are
important (OR: 12.76; 95% CI: 5.51–29.53), and that present health depends on medications (OR: 2.39;
95%CI: 1.39–4.13) weremore likely to be adherent to their asthmamedications. Illness beliefs were also
associatedwith higher adherence to other SMB. Conclusions: Low adherence to SMB likely contributes
to uncontrolled asthma inWTC rescue and recoveryworkers. Specificmodifiable beliefs about asthma
chronicity, the importance of controller medications, and the severity of WTC-related asthma are
independent predictors of SMB in this population. Cognitive behavioral interventions targeting these
beliefs may improve asthma self-management and outcomes in WTC rescue and recovery workers.
Key message: This study identified modifiable beliefs associated with low adherence to self-
management behaviors amongWorld Trade Center rescue and recovery rescue and recovery workers
with asthma which could be the target for future interventions.
Capsule summary: Improving World Trade Center-related asthma outcomes will require multifacto-
rial approaches such as supporting adherence to controller medications and other self-management
behaviors. This study identified several modifiable beliefs that may be the target of future efforts to
support self-management in this patient population.

Abbreviations

WTC World Trade Center
SMB Self-management behaviors
OR Odds ratio
CI Confidence interval

PTSD Post-traumatic stress disorder
SRM Self-regulation Model

WTCHP WTC Health Programs
COPD Chronic obstructive pulmonary disease

CONTACT Juan P. Wisnivesky juan.wisnivesky@mssm.edu Division of Pulmonary, Critical Care, and SleepMedicine, Department of Medicine, Icahn School
of Medicine at Mount Sinai, One Gustave L. Levy Place, Box , NY, NY , USA.

MARS Medication Adherence Rating Scale
MDI Metered dose inhaler
DPI Dry powder inhaler

Background

It is estimated that >50,000 rescue, recovery workers,
and volunteers were involved in the recovery effort fol-
lowing the attack on the World Trade Center (WTC) [1].
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While many physical and mental health conditions have
been identified, pulmonary diseases are among the most
prevalent problems inWTC rescue and recovery workers.
Asthma, in particular, commonly affectsWTC rescue and
recovery workers, with a cumulative incidence of nearly
30% 9-years after the attack [2]. Asthma also remains a
major source of morbidity and reduced quality of life in
WTC-exposed populations [2]. Ten years after the attacks,
more than two-thirds of WTC Health Registry enrollees
with asthma reported uncontrolled symptoms [3].
Multiple factors likely contribute to asthma morbidity
in WTC-exposed individuals including mental health
conditions such as post-traumatic stress disorder (PTSD)
and physical conditions such as gastroesophageal reflux,
obstructive sleep apnea, and chronic sinusitis [2, 4].

International guidelines highlight the importance of
self-management behaviors (SMB) as critical determi-
nants of asthma control [5]. Asthma self-management
encompasses several complex behaviors, such as adher-
ence to medication, correct inhaler technique, use of
action plans, and trigger avoidance.Unfortunately, studies
show that up to 50% of patients with asthma in the gen-
eral population do not adhere to their SMB [6, 7]. Thus,
low adherence to SMB may also be an unidentified con-
tributor to asthma morbidity in WTC rescue and recov-
ery workers. While research in patients with asthma in
the general population has established the role of illness
and medication beliefs as strong determinants of SMB
[8, 9], less is known about the factors influencing self-
management inWTC rescue and recovery workers.WTC
rescue and recovery workers may hold different beliefs
about asthma etiology, timeline, and likelihood of control
due to the unique relationship withWTC exposure. Thus,
a better understanding of the factors influencing adher-
ence to SMB in this population is needed to maximize
asthma control.

In this study, we assessed SMB in a prospective cohort
of WTC rescue and recovery workers with asthma. We
used the theoretical framework of the Model of Self-
regulation (SRM) [10] to identify potentially modifiable
beliefs associated with adherence to asthma SMB that
could be the target of future interventions.

Methods

Study population

Between December 2012 and July 2016, we collected data
from WTC rescue and recovery workers with asthma
who were enrolled in the Mount Sinai Hospital, North-
well Health System, or New York University WTCHealth
Programs (WTCHP). This program includes people
who volunteered or worked in the lower Manhattan,

Table . Definitions of exposure levels among World Trade Center
Workers.

Group Definition

Low Exposed for less than  days, not exposed to the cloud
and did not work on the pile

Intermediate Not exposed to the initial cloud, worked between  and
 days or did not work on the pile

High Exposed to the dust cloud but either worked less than
 days or did not work on the pile

Very high Worked more than  days, exposed to the dust cloud, and
worked in the pile

barge-loading piers or Staten Island landfill for >4 h
from 9/11 to September 14, 2001, >24 h during Septem-
ber 2001, or >80 h from September 2001 to December
2001. Also were eligible workers from the Port Authority
Trans Hudson Corporation and personnel of the Office
of the Chief Medical Examiner [11, 12]. Lower Manhat-
tan residents, schoolchildren, building occupants, and
passers-by were not included in this registry. Members of
the Fire Department of the City of New York are followed
in a parallel program.

Inclusion criteria in the current study were age �18
years, diagnosis of asthmamade by a health-care provider,
and being English or Spanish speaker. We excludedWTC
rescue and recovery workers with a prior diagnosis of
chronic obstructive lung disease (COPD) or other chronic
respiratory illnesses. Additionally, due to the possibility
of undiagnosed COPD, asthma patients were excluded if
they had history of >15 pack-years of smoking.

Study variables

Following informed consent, participants completed a
standardized in person interview. We collected sociode-
mographic information and data regarding asthma his-
tory including onset in relation to 9/11 exposure, medi-
cation regimen, chronic use of oral steroids, and resource
utilization. We used the Asthma Control Questionnaire
to assess level of asthma control [13]. Sensitization to
indoor and outdoor allergens was assessed using serum
immunoglobulin E levels. Using criteria established in
previous studies, participants were assigned to four dif-
ferent groups of WTC exposure: low, intermediate, high,
and very high based on the total amount of time spent at
theWTC site, the level of the exposure to theWTC cloud,
and work on the pile (Table 1) [2].

Disease andmedication beliefs

The underpinnings of our study to understand the
potential contribution of illness and medications beliefs
to asthma SMB are based on Leventhal’s SRM model.
The fundamental premise of the model is that patients
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develop a common-sensemental model for solving health
problems [10]. These mental models consist of cognitive
representations and emotional meanings of asthma that
activate SMB. The outcomes of these actions are then
appraised for efficacy (reducing asthma symptoms) and
these feedback loops in turn can reinforce or modify
self-management actions. The SRM posits that there
are five domains of cognitive illness representations:
(1) identity refers to the labels that patients have for
their asthma symptoms; (2) cause refers to the patient’s
understanding of the etiology of asthma and its trig-
gers; (3) timeline relates to beliefs about the condition’s
chronicity; (4) consequences are the real and perceived
impact of the symptoms and illness; and (5) the control
domain encompasses beliefs that asthma can be con-
trolled. The SRM hypothesizes that WTC rescue and
recovery workers that correctly attribute asthma symp-
toms and that believe that asthma is a chronic condition
associated with potentially severe complications that can
be controlled with daily medications are more likely to
be adherent to SMB. Conversely, a dysfunctional acute
mental model “no symptoms, no asthma” (asthma is only
present during symptomatic periods) has been associated
with low adherence [9]. Similarly, emotional responses
to asthma (e.g., worries, sadness, anxiety, etc.) may also
influence SBM, which may be especially important WTC
rescue and recovery workers due to the relative high
prevalence of mental health conditions.

The SRM also proposes that asthma patients hold
beliefs about the necessity of controller medications
as well about concerns regarding potential side effects
[14, 15]. WTC rescue and recovery [14] workers weigh
the potential benefits vs. concerns about asthma medi-
cations and the balance of these factors may determine
their adherence to controller medication.

We used the Brief Illness Perception Questionnaire
to assess asthma beliefs in WTC rescue and recovery
workers [16, 17]. This is a validated scale available in
English and Spanish that includes items assessing beliefs
along the five domains of the SRM as well as emotional
responses to asthma [16]. WTC rescue and recovery
workers are likely to hold other illness beliefs given the
unique nature of their asthma in relationship with WTC
exposures. Thus, we included additional items assessing
whetherWTC rescue and recovery workersmisattributed
symptoms of asthma to other WTC-related comorbidi-
ties (labels), whether they attributed their asthma toWTC
exposure or lack of respiratory protection during WTC
work (cause), believe that WTC-associated asthma has
a different chronicity (timeline) or may be more diffi-
cult to control with medications (controllability). We also
included an item assessing whether participants believed

that doctors have less knowledge about how to treat
WTC-related asthma.

We used the Beliefs about Medications Questionnaire
(BMQ) to measure asthma medication beliefs along two
domains: necessity and concerns [18, 19]. The BMQ has
been validated in English and Spanish and shown to have
adequate psychometric properties. Finally, we included an
item assessing the belief that inhaled corticosteroids may
not work in WTC-related asthma and an item assessing
participant’s confidence (self-efficacy) controlling their
asthma.

Outcomes

We assessed adherence to several SMB recommended
by current asthma management guidelines [20]. Adher-
ence to asthma controller medications is considered
the cornerstone of asthma management and a major
determinant of disease control. We used the Medication
Adherence Rating Scale (MARS) [18, 21] to assess self-
reported adherence to asthma controller medications.
The MARS is a 10-item tool that has good psychometric
properties. It has been validated in English and Spanish,
is worded specifically to avoid social desirability bias
[14], and correlates strongly with objective measure-
ments of daily use of asthma controller medications [14,
22]. Consistent with prior research, WTC rescue and
recovery workers with a score of �4.5 were considered
adherent [14].

Asthma controller medications are typically delivered
via a metered dose inhaler (MDI) or a dry powder inhaler
(DPI) device. Effective drug deliver requires that patients
correctly perform several steps prior to and during actu-
ation of these devices. Then, participants were asked to
demonstrate use of the MDI or DPI during the interview;
inhaler technique was assessed using validated scales
(participants correctly performing >75% of steps were
coded as having a good technique) [23].

We collected data on the use of asthma action plans
with items from prior studies [8, 24]. Avoidance of
triggers is also important for attaining good asthma
control. Thus, we used validated questions from the
National Asthma Survey [25] to collect data about trig-
ger avoidance behaviors including: use of pillow and
mattress covers, washing sheets in hot water, keeping
windows closed, and using an air conditioner during the
allergy season, smoking avoidance, avoiding house pets,
removal of carpets, curtains and drapes, and elimination
of cockroaches. WTC rescue and recovery workers who
reported performing�5 of these behaviors were classified
as adherent [26].
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Statistical analysis

Means, standard deviations, and frequencies were used to
report the baseline characteristics of study participants.
The proportion ofWTC rescue and recovery workers that
were classified as adherent to each SMB were reported
with 95% confidence intervals (CI) based on the binomial
distribution.

Differences in illness and medication beliefs among
WTC rescue and recovery workers with vs. without
adherence to each asthma SMB was assessed using a chi-
square test. Multiple logistic regression was used to assess
the adjusted association between illness and medication
beliefs and each SMB after controlling for age, sex, race,
income, education, intubation history, and chronic oral
steroid use. Associations were estimated using odds ratios
(OR) with 95% CIs. All statistical tests were performed
with SAS 9.3 statistical software (SAS Institute Inc., Cary,
North Carolina) using two-tailed tests and a 0.05 signif-
icance level. The study was approved by the Institutional
Review Boards of the Icahn School of Medicine at Mount
Sinai, Queens College and New York University School of
Medicine.

Results

Between December 2012 and July 2016, we contacted
2,101 potentially eligibleWTC rescue and recovery work-
ers. Of these, 1,037 declined, 694 were deemed ineligi-
ble for participation, and 403 agreed to participate in the
study. Of these, 19 were found to be ineligible after enroll-
ment and 3 did not complete the baseline interview. Thus,
our final cohort included 381 WTC rescue and recovery
workers with asthma.

The mean (SD) age of participants at the time of
enrollment in this study was 52.4 (8.9), 71% were male,
35% white, 14% Black, and 43% Hispanic (Table 2). Most
WTC rescue and recovery workers (73%) reported onset
of disease after 9/11, and 15% and 4% had a history of
emergency room visit or hospitalization due to asthma
in the prior year, respectively. The proportion of WTC
rescue and recovery workers with well-controlled, uncon-
trolled, and very poorly controlled asthma was 27%, 26%,
and 48%, respectively. Overall, 66% were prescribed a
controller medication.

Adherence to asthma controller medications was
44% (95% confidence interval [CI]: 38%–50%). Most
participants (77%, 95% CI: 71%–81% and 85%, 95% CI:
73%–93%) showed a correct MDI and DPI technique,
respectively. Overall, 29% of participants reported having
received an action plan from their health care provider,
83% (95% CI: 75%–89%) of them use the action plans
to manage their asthma. Only, 47% (95% CI: 42%–52%)

Table . Baseline characteristics of World Trade Center rescue and
recovery workers with asthma enrolled in the study.

Characteristic Value

Age, years, mean (SD)  ()
<  ()
–  ()
>  ()
Male, No. (%)  ()

Race/Ethnicity, No. (%)
White ()
Black  ()
Hispanic  ()
Other/refused  ()
Married or living with a partner, No. (%)  ()
English as Primary Language, No. (%)  ()

Education, No. (%)
Did not graduate high school  ()
High School or GED  ()
Some college  ()
College graduate or higher degree  ()

Monthly income, No. (%)
<$,  ()
>$,  ()
Refused/Unknown  ()

Occupation no. (%)
Employed full time  ()
Employed part time  ()
Unemployed  ()
On disability  ()
Retired  ()
Not working  ()
Student/Other  ()

Smoking status no. (%)
Current/former smoker  ()
Never smoked  ()

WTC exposure no. (%)
Low  ()
Intermediate  ()
High  ()
Very high  ()
Asthma onset post /, No. (%)  ()
Sensitized to indoor allergens no. (%)  ()
History of intubation, No. (%)  ()
Hospitalization for asthma in the past year, No. (%)  ()
Emergency room visit for asthma in the past year, No. (%)  ()
Oral corticosteroid use in past  months no. (%)  ()

Asthma control no. (%)
Well controlled  ()
Uncontrolled  ()
Very poorly controlled  ()
On asthma controller medication, No. (%)  ()

Comorbidities no. (%)
Gastric esophageal reflux disorder  ()
Sinusitis  ()
Major depression  ()
Posttraumatic stress disorder  ()

SD: standard deviation; No: Number; WTC: World Trade Center.

were adherent to trigger avoidance behaviors, adherence
was 27% vs. 21% among participants with and without
allergy sensitization, respectively (p = 0.92).

Unadjusted associations between illness and
medication beliefs and adherence to asthma SMB

The prevalence of illness and medication beliefs among
study participants are reported in Table 3. Unadjusted
analyses showed that WTC rescue and recovery workers
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Table . Unadjusted relationship between illness and medication beliefs with self-management behaviors of World Trade Center rescue
and recovery workers with asthma.

Participants Medication Correct MDI Correct DPI Action plan Trigger
holding belief adherence technique technique OR use avoidance

Belief No. (%) OR (% CI) OR (% CI) OR (% CI) (% CI) OR (% CI)

Illness beliefs
Asthma labels
Wheezing due to asthma  (.) . (.–.) . (.–.) . (.–.) . (.–.) . (., .)
Tiredness due to asthma  (.) . (.–.) . (.–.) . (.–.) . (.–.) . (., .)
WTC-related asthma is different from

non-WTC-related asthma
 (.) . (.–.) . (.–.) . (.–.) . (.–.) . (.–.)

Cause
Asthma due to WTC exposure  (.) . (.–.) . (.–.) . (.–.) . (.–.) . (.–.)
Asthma due to inadequate respiratory

protection at WTC site
 (.) . (.–.) . (.–.) ∗ . (.–.) . (.–.)

Timeline
Have asthma all the time, not just when

experiencing symptoms
 (.) . (.–.) . (.–.) . (.–.) . (.–.) . (.–.)

Control
WTC-related asthma is more severe  (.) . (.–.) . (.–.) . (.–.) . (.–.) . (.–.)
Doctors do not know how to treat

WTC-related asthma
 (.) . (.–.) . (.–.) . (.–.) . (.–.) . (.–.)

Consequences
Asthma affects my life  (.) . (.–.) . (.–.) . (.–.) . (.–.) . (.–.)
Experience lot of asthma symptoms  (.) . (.–.) . (.–.) . (.–.) . (.–.) . (.–.)

Emotional Responses
Concerned about asthma  (.) . (.–.) . (.–.) . (.–.) . (.–.) . (.–.)
Asthma affects emotionally  (.) . (.–.) . (.–.) . (.–.) . (.–.) . (.–.)
Worried asthma may get worse  (.) . (.–.) . (.–.) . (.–.) . (.–.) . (.–.)

Medication beliefs
Necessity
Important to use medications when not

having symptoms
 (.) . (.–.) . (.–.) . (.–.) . (.–.) . (.–.)

Feel effects of inhaled corticosteroids  (.) . (.–.) . (.–.) . (.–.) . (.–.) . (.–.)
Only need SABA to treat asthma  (.) . (.–.) . (.–.) . (.–.) . (.–.) . (.–.)
Present health depends on medicine  (.) . (.–.) . (.–.) . (.–.) . (.–.) . (.–.)

Concerns
Inhaled steroids weaken immunity  (.) . (.–.) . (.–.) . (.–.) . (.–.) . (.–.)
Medications do not work as well for

WTC asthma
 (.) . (.–.) . (.–.) . (.–.) . (.–.) . (.–.)

Self-efficacy
Confident in ability to control asthma  (.) . (.–.) . (.–.) . (.–.) . (.–.) . (.–.)

OR: Odds ratio for adherence to asthma self-management behavior for those with vs. without the belief; CI: confidence interval; MDI: Metered Dose Inhaler; DPI: Dry
Powder Inhaler; WTC: World Trade Center; SABA: Short-Acting Beta-Agonist.

that believe that they have asthma all the time, not just
when experiencing symptoms had higher odds of being
adherent to asthma controller medications (odds ratio
[OR]: 2.20; 95% CI: 1.36–3.57). Similarly, WTC rescue
and recovery workers who believe that medications were
important when not having symptoms (OR: 10.93; 95%
CI: 4.97–24.1), who reported feeling the effects of inhaled
corticosteroids (OR: 1.87; 95% CI: 1.10–3.16) or who
believed that their present health depends on medicine
(OR: 2.04; 95% CI: 1.23–3.37) were more likely to be
adherent to their controller medication. Conversely,
WTC rescue and recovery workers who held the belief
that they only need short acting medications for treating
their asthma were less likely to be adherent to their
controller treatment (OR: 0.48; 95% CI: 0.29–0.78). None
of the WTC-specific illness beliefs was associated with
medication adherence.

WTC rescue and recovery workers whowere confident
in their ability to control their asthma were more likely

to demonstrate a correct MDI technique (OR: 2.65; 95%
CI: 1.37–5.14); none of the beliefs were significantly asso-
ciated with DPI technique. WTC rescue and recovery
workers that believe thatmedications are needed tomain-
tain their present health (OR: 3.51, 95% CI: 1.05–11.76)
were significantly more likely to use their asthma action
plans. Finally, beliefs associated with higher adherence to
trigger avoidance included properly identifying wheezing
as being related to asthma (OR: 2.07, 95% CI: 1.14–3.75)
and reporting that asthma was due to WTC exposure
(OR: 3.27, 95% CI: 1.05–10.12). Additionally, WTC res-
cue and recoveryworkers that believe that asthma affected
their life (OR: 1.65, 95% CI: 1.08–2.51), who were highly
concerned about their asthma (OR: 1.63, 95% CI: 1.07–
2.49), that reported increased emotional responses to
asthma (OR: 1.94, 95% CI: 1.24–3.03), or were worried
about corticosteroids weakening their immunity (OR:
1.57, 95% CI: 1.01–2.44) were more likely to be adherent
to trigger avoidance behaviors.
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Table . Adjusted associations of illness and medication beliefs with self-management behaviors of World Trade Center rescue and
recovery workers with asthma.

Medication Correct MDI Correct DPI Action plan Trigger
adherence OR technique OR technique OR use OR avoidance OR

Belief (% CI) (% CI) (% CI) (% CI) (% CI)

Asthma labels
Wheezing due to asthma . (.– .) . (.–.) . (.–.) . (.–.) . (.–.)
Tiredness due to asthma . (.–.) . (.–.) —

∗
. (.–.) . (.–.)

WTC-related asthma is different
from non-WTC-related asthma

. (.–.) . (.–.) . (.–.) . (.–.) . (.–.)

Cause
Timeline
Asthma due to WTC exposure . (.–.) . (.–.) —

∗
. (.–.) . (.–.)

Asthma due to inadequate
respiratory protection at WTC site

. (.–.) . (.–.) . (.–.) . (.–.) . (.–.)

Control
WTC-related asthma is more severe . (.–.) . (.–.) . (.–.) . (.–.) . (.–.)
Doctors do not know how to treat

WTC asthma
. (.–.) . (.–.) . (.–.) . (.–.) . (.–.)

Consequences
Asthma affects my life . (.–.) . (.–.) . (.–.) . (.–.) . (.–.)
Experience lot of asthma symptoms . (.–.) . (.–.) —

∗
. (.–.) . (.–.)

Emotional responses
Concerned about asthma . (.–.) . (.–.) . (.–.) . (.–.) . (., .)
Asthma affects emotionally . (.–.) . (.–.) . (.–.) . (.–.) . (.–.)
Worried asthma may get worse . (.–.) . (.–.) . (.–.) . (.–.) . (.–.)

Medication beliefs
Necessity
Important to use medications when

not having symptoms
. (.–.) . (.–.) . (.–.) . (.–.) . (.–.)

Feel effects of inhaled
corticosteroids

. (.–.) . (.–.) . (.–.) . (.–.) . (.–.)

Only need SABA to treat asthma . (.–.) . (.–.) . (.–.) . (.–.) . (.–.)
Present health depends on medicine . (.–.) . (.–.) . (.–.) . (.–.) . (.–.)

Concerns
Inhaled steroids weaken immunity . (.–.) . (.–.) . (.–.) . (.,.) . (.–.)
Medications do not work as well for

WTC asthma
. (.–.) . (.–.) . (.–.) . (.–.) . (.–.)

Self-efficacy
Confident in ability to control

asthma
. (.–.) . (.–.) . (.–.) . (.–.) . (.–.)

OR: Odds ratio for adherence to asthma self-management behavior for those with vs. without the belief; CI: confidence interval; MDI: Metered Dose Inhaler; DPI: Dry
Powder Inhaler; WTC: World Trade Center; SABA: Short-Acting Beta-Agonist.

∗Unable to fit model due to complete separation of data.

Adjusted associations between beliefs and asthma
SMB

Adjusted analyses controlling for baseline sociodemo-
graphic characteristics and asthma history (Table 4)
showed that WTC rescue and recovery workers who
believe that they had asthma all the time, and not
only when they were having symptoms (OR: 2.37; 95%
CI: 1.38–4.08), WTC-related asthma is more severe (OR:
1.73; 95% CI: 1.02–2.93), asthma medications are impor-
tant even when not having symptoms (OR: 12.76; 95%
CI: 5.51–29.53), their present health depends on their
asthma medicine (OR: 2.39; 95% CI: 1.39–4.13) and who
feel the effects of inhaled corticosteroids (OR: 1.93; 95%
CI: 1.08–3.43) were more adherent to their controller
medications. Similarly, WTC rescue and recovery work-
ers who were more confident in their ability to control
their asthma (OR: 2.1; 95% CI: 1.01–4.16) were more
likely to have an adequate MDI technique in adjusted
analyses; there were no beliefs significantly associated

with DPI technique. WTC rescue and recovery workers
who believe that they have asthma all the time (OR: 4.33;
95% CI: 1.08–17.28) were significantly more likely to use
actions plans. Conversely, those who held the belief that
they only need short acting medication for treating their
asthma were less likely to be adherent to their controller
treatment (OR: 0.45; 95% CI: 0.26–0.77). Finally, WTC
rescue and recovery workers were more likely to be
adherent to trigger avoidance if they believe that their
asthma was due to WTC exposure (OR: 3.89; 95% CI:
1.11–13.5), that asthma affects their life (OR: 1.78, 95%
CI: 1.09–2.93), or had strong emotional responses to
asthma symptoms (OR: 1.94, 95% CI: 1.12–3.36).

Discussion

Asthma is one the most common chronic conditions
affecting WTC rescue and recovery workers [2]. As
in prior studies of WTC-exposed populations, most
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of patients in our cohort had poorly controlled dis-
ease and relatively high rates of acute asthma-related
resource utilization [2, 3, 27]. Importantly, we found
that a considerable proportion of these patients had low
adherence to controller medications and other asthma
SMB. We identified several modifiable illness and med-
ication beliefs that were associated with non-adherence
to asthma self-management which may be the target
of behavioral and/or educational interventions. These
results suggest that efforts to better self-management may
lead to improved asthma outcomes of WTC rescue and
recovery workers.

Improving control among WTC rescue and recovery
workers with asthma is a major priority given the high
burden of disease experienced by this population [2, 3].
Addressing physical and mental health comorbidities,
PTSD in particular, may lead to better asthma outcomes.
However, adequate asthma control also requires good
adherence to SMB and issue that has not beenwell studied
in WTC asthma populations. Adherence to daily con-
troller medications is one of the most important compo-
nents of asthma self-management. A clinical trial in adults
with uncontrolled asthma demonstrated that adherence
to a combination of an inhaled corticosteroid and a long-
acting bronchodilator resulted in the virtual elimination
of exacerbations and near-normal quality of life in most
patients [28]. Consistent with studies in the general pop-
ulation, we found relatively high rates of non-adherence
to SMB among WTC patients with asthma suggesting
potential targets for management efforts [9, 22, 29, 30].

Previous studies have found that patients’ attitudes
and adherence to recommended treatments are linked
to their understanding of and beliefs about their illness
and its treatment [31–33]. A study of patients hospital-
ized due to an asthma exacerbation and prospectively
followed for 6 months post discharge showed that the
belief that asthma was present only when experiencing
symptoms were significantly less likely to lower adher-
ence to controller medications [9]. Concerns about
addiction to and potential side effects related to chronic
use of inhaled corticosteroids has been also associated
with decreased adherence in patients with asthma and
COPD [34]. Our findings suggest that the acute mental
model of asthma (the no symptoms, no asthma belief)
is also associated with decreased adherence to controller
medications among WTC rescue and recovery workers
with asthma. Similarly, the belief that controller med-
ications were important during asymptomatic periods
was also related to improved adherence. Interestingly,
almost 50% patients agreed to the statement that WTC-
related asthma was more severe and those holding this
belief were more likely to be adherent to controller
medications.

Identifying non-adherence among WTC rescue and
recovery workers with uncontrolled asthma is important
to avoid unnecessary step up controller medications.
However, asthma patients tend to over report their level
of adherence due to social desirability bias and health
care professionals are relatively inaccurate identifying
non-adherence [34, 35]. Electronic monitoring devices
can provide objective measure of adherence and detailed
information about medication patterns; however, they
are costly and impractical for clinical settings [34, 36].
Routine used of self-reported tools like the MARS may
be useful for systematically identifying WTC rescue
and recovery workers with low adherence, particularly
among those with persistent symptoms despite medium
or high doses of controller medications. Similarly, health
care providers may use some of the beliefs associated
with non-adherence in this study to identify patients at
higher risk of non-adherence offering an opportunity to
simultaneously address misconceptions about asthma or
its treatment.

Drug studies have demonstrated that the effectiveness
of asthma therapy is highly dependent on inhaler tech-
nique [37, 38]. Unfortunately, inadequate use of inhaler
devices for asthma is common among asthma patients,
leading to decreased drug delivery andworse asthma con-
trol [37–42]. While we found that the majority of WTC
rescue and recovery workers with asthma had good MDI
and/or DPI technique, delivery of inhaled medications
may be suboptimal in up to 25% of patients, potentially
contributing to poor asthma control. Several studies have
shown that choice of inhaler device, improved inhaler
designs, and use of spacers have the potential to facilitate
use, increase adherence, and drug delivery, leading to a
better control of asthma [43, 44]. Brief training interven-
tions based on standardized checklists have also shown
to improve inhaler technique and asthma outcomes [45].
Thus, periodic assessment by direct observation of inhaler
technique and ensuring adequate skills in WTC rescue
and recoveryworkers with asthmamay be important [46].

Avoidance of environmental triggers is a key SMB
that could contribute to improved control in >50% of
WTC rescue and recovery workers with asthma that
are sensitized to indoor or outdoor allergens. The effec-
tiveness of home-based environmental and multi-trigger
interventions in reducing asthma morbidity is now well-
established [47–49]. This approach has been effective
at reducing the presence of asthma triggers, improve-
ments in self-management outcomes, and reductions in
asthma morbidity, improving also the adherence to other
SMB such as use of medications and asthma action plans
[50–52]. Consistent with previous studies, our results also
showed that manyWTC rescue and recovery workers did
not consistently practiced SMB that decrease exposure
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to aeroallergens and identified several beliefs that may
underlie their behaviors.

There is consistent evidence that educational and/or
behavioral interventions can lead to better asthma con-
trol [53–55]. A Cochrane systematic review including 36
trials which compared self-management education with
usual care showed that educational interventions led to
reduced asthma-related emergency rooms visits and hos-
pitalizations due to asthma, lower number of unscheduled
physician visits, and improved asthma-related quality of
life, and nocturnal symptoms of asthma [56]. The SRM
has been used to as the theoretical framework to develop
successful self-management interventions in patientswith
chronic disease [10]. Thus, targeting misbeliefs held by
WTC rescue and recovery workers with asthma may help
achieving improved rates of control in this population.

The study has several strengths and limitations that
are worth discussing. Despite enrolling a relatively large
cohort ofWTC rescue and recovery workers with asthma,
we included only rescue and recovery workers partici-
pating in the WTCHP. Thus, our sample did not repre-
sent other populations exposed to theWTC disaster such
as firefighters, local residents, schoolchildren, and passer-
by and consequently, our results cannot be generalized
to these individuals, many of whom are also affected by
asthma. Adherence to asthma controller medications and
other SMB were assessed by self-report and thus, could
be subject to bias. However, many WTC patients with
asthma reported low adherence rates and we used pre-
viously validated instruments that are word in a way to
avoid social desirability bias [14]. Additionally, physi-
cians must rely on self-report information when mak-
ing asthma treatment decisions in routine practice. Some
of the trigger avoidance behaviors assessed in our study
would only apply to WTC rescue and recovery work-
ers who are sensitized to specific allergens. Additionally,
health care providers may not discuss these behaviors
with all their patients. Thus, our study may have overes-
timated the extent of non-adherence to trigger avoidance
among WTC rescue and recovery workers. We observed
high rates of adherence among 29% of the WTC res-
cue and recovery workers who were offered an asthma
action plan by their provider. It is possible that health care
providers differentially discussed actions plans withWTC
rescue and recovery workers that weremore engagedwith
their care, potentially explaining the high rates of reported
adherence in the study. Our cross-sectional design does
not allow us to make conclusions regarding a causal asso-
ciation between beliefs and asthma SBM. However, we
used a well-established theoretical framework to guide
our assessments of the relationship between beliefs and
behaviors which will help translating our results into
actionable components of future interventions.

Our study did not include a control group of non-WTC
exposed asthmatics. WTC rescue and recovery workers
are a special asthma population given the relationship
with WTC exposures, specific occupational exposures
prior and after 9/11, selection of healthy workers (prior
to 9/11) into the cohort, and high prevalence of physical
and mental health comorbidities. Thus, it is very difficult
to find an appropriate control group to perform valid
comparisons of asthma beliefs and SMB.While a lack of a
control group did not allow us to make side by side com-
parisons, a review of the literature shows that similarly
to our findings in WTC rescue and recovery workers,
beliefs that asthma is a chronic disease, that medications
are needed even when free of asthma symptoms (“neces-
sity”), and lack of concerns about medication side effects
are also associated with higher adherence to SMB among
inner-city patients with asthma [9, 22, 24, 57]. However,
our study showed a relationship between adherence to
SMB and emotional responses as well as disease conse-
quences that were not described in the previous studies
[22, 57, 58].

Conclusions

In summary, we found that manyWTC rescue and recov-
ery with asthma have low adherence to important SMB,
a factor that may explain some of the increased rates of
morbidity in this population. Our findings help elucidate
some of the potential mechanisms leading to low adher-
ence to effective asthma self-management in this popula-
tion and offers potential targets for future interventions.

Conflicts of interest

Dr. Wisnivesky is a member of the Research Board of EHE
International, has received consultant honorarium fromMerck,
Astra Zeneca, and Quintiles, and research grants from Sanofi
and Quorum. Other authors have no conflict of interest to
report.

Funding

This study was funded by the National Institute for Occupa-
tional Safety and Health (U01OH010405). Dr. Rojano is sup-
ported by a Research Fellowship Grant from the Fundación
Alfonso Martín Escudero. Dr. de la Hoz is partially supported
by CDC/NIOSH grant U01OH010401.

Notes on contributor

Dr.Wisnivesky had full access to the data in the study and takes
responsibility for the integrity and accuracy of the data analysis.
Dr. Wisnivesky contributed to the study design, data analy-
sis and interpretation, manuscript writing, and manuscript
submission and revisions. Dr. Rojano, West, and Goodman



JOURNAL OF ASTHMA 9

contributed substantially to data analysis and interpretation,
and the writing of the manuscript. Dr. Weiss, Dr. de la Hoz,
Dr. Crane, Dr. Crowley, Dr. Harrison, and Dr. Markowitz
contributed to the study design, recruitment of participants,
review of literature, and critical revision of the article.

ORCID

Rafael E. de la Hoz http://orcid.org/0000-0002-8949-9279

References

1. Savitz DA, Oxman RT, Metzger KB, Wallenstein S, Stein
D, Moline JM, Herbert R. Epidemiologic research onman-
made disasters: strategies and implications of cohort def-
inition for World Trade Center worker and volunteer
surveillance program. Mt Sinai J Med. 2008;75(2):77–87.
doi:10.1002/msj.20023. PMID:18500709.

2. Wisnivesky JP, Teitelbaum SL, Todd AC, Boffetta P, Crane
M, Crowley L, de la Hoz RE, Dellenbaugh C, Harrison
D, Herbert R, et al. Persistence of multiple illnesses in
World Trade Center rescue and recovery workers: a cohort
study. Lancet (London, England) 2011;378(9794):888–897.
doi:10.1016/S0140-6736(11)61180-X. PMID:21890053.

3. Jordan HT, Stellman SD, Reibman J, Farfel MR, Brackbill
RM, Friedman SM, Li J, Cone JE. Factors associated with
poor control of 9/11-related asthma 10–11 years after
the 2001 World Trade Center terrorist attacks. J Asthma
2015;52(6):630–637. doi:10.3109/02770903.2014.999083.
PMID:25539137.

4. Li J, Brackbill RM, Stellman SD, Farfel MR, Miller-
Archie SA, Friedman S, Walker DJ, Thorpe LE, Cone
J. Gastroesophageal reflux symptoms and comorbid
asthma and posttraumatic stress disorder following the
9/11 terrorist attacks on World Trade Center in New
York City. Am J Gastroenterol 2011;106(11):1933–1941.
doi:10.1038/ajg.2011.300. PMID:21894225.

5. Global Initiative for Asthma. Global strategy for
Asthma Management and Prevention 2017. Available
from: http://www.ginasthma.org [last accessed 14 June
2017].

6. Dompeling E, Van Grunsven PM, Van Schayck CP, Fol-
gering H, Molema J, Van Weel C. Treatment with inhaled
steroids in asthma and chronic bronchitis: long-term
compliance and inhaler technique. Fam Pract. 1992;9(2):
161–166. doi:10.1093/fampra/9.2.161. PMID:1505703.

7. Leickly FE, Wade SL, Crain E, Kruszon-Moran D, Wright
EC, Evans R, 3rd. Self-reported adherence, manage-
ment behavior, and barriers to care after an emergency
department visit by inner city children with asthma.
Pediatrics. 1998;101(5):E8. doi:10.1542/peds.101.5.e8.
PMID:9565441.

8. Becker MH, Maiman LA. Sociobehavioral determinants of
compliance with health and medical care recommenda-
tions.Med Care. 1975;13(1):10–24. doi:10.1097/00005650-
197501000-00002. PMID:1089182.

9. Halm EA, Mora P, Leventhal H. No symptoms, no
asthma: the acute episodic disease belief is associated
with poor self-management among inner-city adults
with persistent asthma. Chest. 2006;129(3):573–580.
doi:10.1378/chest.129.3.573. PMID:16537854.

10. Leventhal H, Phillips LA, Burns E. The Common-Sense
Model of Self-Regulation (CSM): a dynamic framework
for understanding illness self-management. J Behav Med.
2016;39(6):935–946. doi:10.1007/s10865-016-9782-2.
PMID:27515801.

11. Brackbill RM, Hadler JL, DiGrande L, Ekenga CC, Far-
fel MR, Friedman S, Perlman SE, Stellman SD, Walker
DJ, Wu D, et al. Asthma and posttraumatic stress symp-
toms 5 to 6 years following exposure to the World
Trade Center terrorist attack. JAMA. 2009;302(5):502–516.
doi:10.1001/jama.2009.1121. PMID:19654385.

12. Mindlis I, Morales-Raveendran E, Goodman E, Xu K, Vila-
Castelar C, Keller K, Crawford G, James S, Katz CL, Crow-
ley LE, et al. Post-traumatic stress disorder dimensions and
asthmamorbidity inWorld Trade Center rescue and recov-
ery workers. J Asthma. 2016;54(7):723–731.

13. Juniper EF, Guyatt GH, Cox FM, Ferrie PJ, King DR.
Development and validation of the mini asthma qual-
ity of life questionnaire. Eur Respir J. 1999;14(1):32–38.
doi:10.1034/j.1399-3003.1999.14a08.x. PMID:10489826.

14. Cohen JL, Mann DM, Wisnivesky JP, Home R, Leventhal
H, Musumeci-Szabo TJ, Halm EA. Assessing the validity
of self-reported medication adherence among inner-
city asthmatic adults: the medication adherence report
scale for asthma. Ann Allergy Asthma Immunol. 2009;
103(4):325–331. doi:10.1016/S1081-1206(10)60532-7.
PMID:19852197.

15. Pleis JR,WardBW, Lucas JW. Summary health statistics for
U.S. adults: National Health Interview Survey, 2009. Vital
Health Stat. 2010;249(10):1–207. PMID:21905346.

16. Broadbent E, Petrie KJ, Main J, Weinman J. The brief
illness perception questionnaire. J Psychosom Res.
2006;60(6):631–637. doi:10.1016/j.jpsychores.2005.10.020.
PMID:16731240.

17. Pacheco-Huergo V, Viladrich C, Pujol-Ribera E, Cabezas-
Pena C, Nunez M, Roura-Olmeda P, Amado-Guirado
E, Núñez E, Del Val JL, en representación del Grupo
IPQ-R. [Perception in chronic illnesses: linguistic val-
idation of the revised Illness Perception Questionnaire
and the Brief Illness Perception Questionnaire for a
Spanish population]. Aten Primaria. 2012;44(5):280–287.
doi:10.1016/j.aprim.2010.11.022. PMID:21955598.

18. Horne R, Weinman J, Hankins M. The beliefs about
medicines questionnaire: The development and evaluation
of a new method for assessing the cognitive representa-
tion of medication. Psychology &Health. 1999;14(1):1–24.
doi:10.1080/08870449908407311.

19. Belendez M, Hernandez-Mijares A, Horne R, Weinman J.
Assessment beliefs about treatment: validity and reliability
of the Spanish version of the beliefs about medicines ques-
tionnaire [Evaluación de las creencias sobre el tratamiento:
Validez y fiabilidad de la versión española del Beliefs
aboutMedicines Questionnaire]. Int J Clin Health Psychol.
2007;7:767–779.

20. Expert Panel Report 3 (EPR-3). Guidelines for the Diag-
nosis and Management of Asthma-Summary Report 2007.
J Allergy Clin Immunol. 2007;120(5 Suppl):S94–S138.
PMID:17983880.

21. Horne R, Weinman J. Patients’ beliefs about pre-
scribed medicines and their role in adherence to
treatment in chronic physical illness. J Psychosom Res.
1999;47(6):555–567. doi:10.1016/S0022-3999(99)00057-4.
PMID:10661603.

http://orcid.org/0000-0002-8949-9279
https://doi.org/10.1002/msj.20023
https://doi.org/10.1016/S0140-6736(11)61180-X
https://doi.org/10.3109/02770903.2014.999083
https://doi.org/10.1038/ajg.2011.300
http://www.ginasthma.org
https://doi.org/10.1093/fampra/9.2.161
https://doi.org/10.1542/peds.101.5.e8
https://doi.org/10.1097/00005650-197501000-00002
https://doi.org/10.1378/chest.129.3.573
https://doi.org/10.1007/s10865-016-9782-2
https://doi.org/10.1001/jama.2009.1121
https://doi.org/10.1034/j.1399-3003.1999.14a08.x
http://10.1016/S1081-1206\05010\05160532-7
https://doi.org/10.1016/j.jpsychores.2005.10.020
https://doi.org/10.1016/j.aprim.2010.11.022
https://doi.org/10.1080/08870449908407311
https://doi.org/10.1016/S0022-3999(99)00057-4


10 B. ROJANO ET AL.

22. Ponieman D, Wisnivesky JP, Leventhal H, Musumeci-
Szabo TJ, Halm EA. Impact of positive and negative beliefs
about inhaled corticosteroids on adherence in inner-
city asthmatic patients. Ann Allergy Asthma Immunol.
2009;103(1):38–42. doi:10.1016/S1081-1206(10)60141-X.
PMID:19663125.

23. van Beerendonk I, Mesters I, Mudde AN, Tan TD. Assess-
ment of the inhalation technique in outpatients with
asthma or chronic obstructive pulmonary disease using
a metered-dose inhaler or dry powder device. J Asthma.
1998;35(3):273–279. doi:10.3109/02770909809068218.
PMID:9661680.

24. Halm EA, Wisnivesky JP, Leventhal H. Quality and
access to care among a cohort of inner-city adults with
asthma: who gets guideline concordant care? Chest.
2005;128(4):1943–1950. doi:10.1378/chest.128.4.1943.
PMID:16236839.

25. Prevention TCfDCa. National Asthma Survey. TheCenters
for Disease Control and Prevention, 2015. Available from:
http://www.cdc.gov/nchs/about/major/slaits/nas.htm [last
accessed 5 August 2017].

26. Roy A, Downes MJ, Wisnivesky JP. Comprehensive envi-
ronmental management of asthma and pediatric preven-
tive care. Pediatr Allergy Immunol. 2011;22(3):277–282.
doi:10.1111/j.1399-3038.2010.01103.x. PMID:21457334.

27. Webber MP, Gustave J, Lee R, Niles JK, Kelly K, Cohen
HW, Prezant DJ. Trends in respiratory symptoms of
firefighters exposed to the world trade center disas-
ter: 2001–2005. Environ Health Perspect. 2009;117(6):
975–980. doi:10.1289/ehp.0800291. PMID:19590693.

28. Bateman ED, Boushey HA, Bousquet J, Busse WW,
Clark TJ, Pauwels RA, Pedersen SE, GOAL Investiga-
tors Group. Can guideline-defined asthma control be
achieved? The gaining optimal asthma control study.
Am J Respir Crit Care Med. 2004;170(8):836–844.
doi:10.1164/rccm.200401-033OC. PMID:15256389.

29. Gamble J, Stevenson M, McClean E, Heaney LG.
The prevalence of nonadherence in difficult asthma.
Am J Respir Crit Care Med. 2009;180(9):817–822.
doi:10.1164/rccm.200902-0166OC. PMID:19644048.

30. Heaney LG, Horne R. Non-adherence in difficult asthma:
time to take it seriously. Thorax. 2012;67(3):268–270.
doi:10.1136/thoraxjnl-2011-200257. PMID:21685491.

31. Soriano JB, Rabe KF, Vermeire PA. Predictors of
poor asthma control in European adults. J Asthma.
2003;40(7):803–813. doi:10.1081/JAS-120023572. PMID:
14626337.

32. Osman LM, Russell IT, Friend JA, Legge JS, Douglas
JG. Predicting patient attitudes to asthma medication.
Thorax. 1993;48(8):827–830. doi:10.1136/thx.48.8.827.
PMID:8211874.

33. Adams S, Pill R, Jones A. Medication, chronic illness
and identity: the perspective of people with asthma. Soc
Sci Med (1982). 1997;45(2):189–201. doi:10.1016/S0277-
9536(96)00333-4.

34. Bender BG, Bartlett SJ, Rand CS, Turner C, Wamboldt
FS, Zhang L. Impact of interview mode on accuracy
of child and parent report of adherence with asthma-
controller medication. Pediatrics. 2007;120(3):e471–e477.
doi:10.1542/peds.2006-3457. PMID:17698578.

35. Osterberg L, Blaschke T. Adherence to medication. N Engl
J Med. 2005;353(5):487–497. doi:10.1056/NEJMra050100.
PMID:16079372.

36. Szefler SJ. Advances in pediatric asthma 2006.
J Allergy Clin Immunol. 2007;119(3):558–562.
doi:10.1016/j.jaci.2006.12.619. PMID:17270259.

37. Giraud V, Roche N. Misuse of corticosteroid
metered-dose inhaler is associated with decreased
asthma stability. Eur Respir J. 2002;19(2):246–251.
doi:10.1183/09031936.02.00218402. PMID:11866004.

38. Lavorini F, Magnan A, Dubus JC, Voshaar T, Corbetta L,
Broeders M, Dekhuijzen R, Sanchis J, Viejo JL, Barnes P,
et al. Effect of incorrect use of dry powder inhalers onman-
agement of patients with asthma and COPD. Respir Med.
2008;102(4):593–604. doi:10.1016/j.rmed.2007.11.003.
PMID:18083019.

39. Melani AS, Bonavia M, Cilenti V, Cinti C, Lodi M, Mar-
tucci P, Serra M, Scichilone N, Sestini P, Aliani M, et al.
Inhaler mishandling remains common in real life and
is associated with reduced disease control. Respir Med.
2011;105(6):930–938. doi:10.1016/j.rmed.2011.01.005.
PMID:21367593.

40. Cochrane MG, Bala MV, Downs KE, Mauskopf J, Ben-
Joseph RH. Inhaled corticosteroids for asthma therapy:
patient compliance, devices, and inhalation technique.
Chest. 2000;117(2):542–550. doi:10.1378/chest.117.2.542.
PMID:10669701.

41. Jahedi L, Downie SR, Saini B, ChanHK, Bosnic-Anticevich
S. Inhaler technique in asthma: how does it relate to
patients’ preferences and attitudes toward their inhalers? J
Aerosol Med Pul Drug Del. 2017;30(1):42–52.

42. Basheti IA, Reddel HK, Armour CL, Bosnic-Anticevich
SZ. Improved asthma outcomes with a simple inhaler
technique intervention by community pharmacists.
J Allergy Clin Immunol. 2007;119(6):1537–1538.
doi:10.1016/j.jaci.2007.02.037. PMID:17433831.

43. Levy ML, Hardwell A, McKnight E, Holmes J. Asthma
patients’ inability to use a pressurised metered-dose
inhaler (pMDI) correctly correlates with poor asthma con-
trol as defined by the global initiative for asthma (GINA)
strategy: a retrospective analysis. Prim Care Respir
J. 2013;22(4):406–411. doi:10.4104/pcrj.2013.00084.
PMID:24042172.

44. Virchow JC, CromptonGK,Dal Negro R, Pedersen S,Mag-
nan A, Seidenberg J, Barnes PJ. Importance of inhaler
devices in the management of airway disease. Respir
Med. 2008;102(1):10–19. doi:10.1016/j.rmed.2007.07.031.
PMID:17923402.

45. Lee H, Evans HE. Aerosol inhalation teaching device.
J Pediatr. 1987;110(2):249–252. doi:10.1016/S0022-
3476(87)80163-4. PMID:3806297.

46. Nimmo CJ, Chen DN, Martinusen SM, Ustad TL, Ostrow
DN. Assessment of patient acceptance and inhalation tech-
nique of a pressurized aerosol inhaler and two breath-
actuated devices. Ann Pharmacother. 1993;27(7–8):922–
927. doi:10.1177/106002809302700721. PMID:8364279.

47. Jacobs DE, Brown MJ, Baeder A, Sucosky MS, Mar-
golis S, Hershovitz J, Kolb L, Morley RL. A sys-
tematic review of housing interventions and health:
introduction, methods, and summary findings.
J Public Health Manag Pract. 2010;16(5 Suppl):
S5–S10. doi:10.1097/PHH.0b013e3181e31d09. PMID:
20689375.

48. Reddy AL, Gomez M, Dixon SL. An evalua-
tion of a state-funded healthy homes interven-
tion on asthma outcomes in adults and children.

https://doi.org/10.1016/S1081-1206(10)60141-X
https://doi.org/10.3109/02770909809068218
https://doi.org/10.1378/chest.128.4.1943
http://www.cdc.gov/nchs/about/major/slaits/nas.htm
https://doi.org/10.1111/j.1399-3038.2010.01103.x
https://doi.org/10.1289/ehp.0800291
https://doi.org/10.1164/rccm.200401-033OC
https://doi.org/10.1164/rccm.200902-0166OC
https://doi.org/10.1136/thoraxjnl-2011-200257
https://doi.org/10.1081/JAS-120023572
https://doi.org/10.1136/thx.48.8.827
https://doi.org/10.1016/S0277-9536(96)00333-4
https://doi.org/10.1542/peds.2006-3457
https://doi.org/10.1056/NEJMra050100
https://doi.org/10.1016/j.jaci.2006.12.619
https://doi.org/10.1183/09031936.02.00218402
https://doi.org/10.1016/j.rmed.2007.11.003
https://doi.org/10.1016/j.rmed.2011.01.005
https://doi.org/10.1378/chest.117.2.542
https://doi.org/10.1016/j.jaci.2007.02.037
https://doi.org/10.4104/pcrj.2013.00084
https://doi.org/10.1016/j.rmed.2007.07.031
https://doi.org/10.1016/S0022-3476(87)80163-4
https://doi.org/10.1177/106002809302700721
https://doi.org/10.1097/PHH.0b013e3181e31d09


JOURNAL OF ASTHMA 11

J Public Health Manag Pract. 2017;23(2):219–228.
doi:10.1097/PHH.0000000000000530. PMID:28121774.

49. Eggleston PA, Butz A, Rand C, Curtin-Brosnan J, Kan-
chanaraksa S, Swartz L, Breysse P, Buckley T, Diette
G, Merriman B, et al. Home environmental intervention
in inner-city asthma: a randomized controlled clinical
trial. Ann Allergy Asthma Immunol. 2005;95(6):518–524.
doi:10.1016/S1081-1206(10)61012-5. PMID:16400889.

50. O’Sullivan MM, Brandfield J, Hoskote SS, Segal SN, Chug
L, Modrykamien A, Eden E. Environmental improve-
ments brought by the legal interventions in the homes
of poorly controlled inner-city adult asthmatic patients:
a proof-of-concept study. J Asthma. 2012;49(9):911–917.
doi:10.3109/02770903.2012.724131. PMID:23020301.

51. Turyk M, Banda E, Chisum G, Weems D, Jr., Liu
Y, Damitz M, Williams R, Persky V. A multifaceted
community-based asthma intervention in Chicago: effects
of trigger reduction and self-management education
on asthma morbidity. J Asthma. 2013;50(7):729–736.
doi:10.3109/02770903.2013.796971. PMID:23745594.

52. Takaro TK, Krieger J, Song L, Sharify D, Beaudet N.
The breathe-easy home: the impact of asthma-friendly
home construction on clinical outcomes and trigger
exposure. Am J Public Health. 2011;101(1):55–62.
doi:10.2105/AJPH.2010.300008. PMID:21148715.

53. Boulet LP, Boulay ME, Gauthier G, Battisti L, Chabot
V, Beauchesne MF, Villeneuve D, Côté P. Benefits of an
asthma education program provided at primary care sites
on asthma outcomes. Respir Med. 2015;109(8):991–1000.
doi:10.1016/j.rmed.2015.05.004. PMID:26162708.

54. Cote J, Cartier A, Robichaud P, BoutinH,Malo JL, Rouleau
M, Fillion A, Lavallée M, Krusky M, Boulet LP. Influence
on asthma morbidity of asthma education programs based
on self-management plans following treatment optimiza-
tion. Am J Respir Crit Care Med. 1997;155(5):1509–1514.
doi:10.1164/ajrccm.155.5.9154850. PMID:9154850.

55. Robichaud P, Laberge A, Allen MF, Boutin H, Rossi
C, Lajoie P, Boulet LP. Evaluation of a program
aimed at increasing referrals for asthma education
of patients consulting at the emergency department
for acute asthma. Chest. 2004;126(5):1495–1501.
doi:10.1378/chest.126.5.1495. PMID:15539718.

56. Gibson PG, Powell H, Coughlan J, Wilson AJ, Abramson
M, Haywood P, Bauman A, Hensley MJ, Walters EH. Self-
management education and regular practitioner review
for adults with asthma. Cochrane Database Syst Rev.
2002;(3):CD001117. doi:10.1002/14651858.CD001117.
PMID:12535399.

57. Sofianou A, Martynenko M, Wolf MS, Wisnivesky JP,
Krauskopf K, Wilson EA, Goel MS, Leventhal H, Halm
EA, Federman AD. Asthma beliefs are associated with
medication adherence in older asthmatics. J Gen Intern
Med. 2013;28(1):67–73. doi:10.1007/s11606-012-2160-z.
PMID:22878848.

58. Aujla N, Walker M, Sprigg N, Abrams K, Massey A,
Vedhara K. Can illness beliefs, from the common-
sense model, prospectively predict adherence to self-
management behaviours? A systematic review and
meta-analysis. Psychol Health. 2016;31(8):931–958.
doi:10.1080/08870446.2016.1153640. PMID:26911306.

https://doi.org/10.1097/PHH.0000000000000530
https://doi.org/10.1016/S1081-1206(10)61012-5
https://doi.org/10.3109/02770903.2012.724131
https://doi.org/10.3109/02770903.2013.796971
https://doi.org/10.2105/AJPH.2010.300008
https://doi.org/10.1016/j.rmed.2015.05.004
https://doi.org/10.1164/ajrccm.155.5.9154850
https://doi.org/10.1378/chest.126.5.1495
https://doi.org/10.1002/14651858.CD001117
https://doi.org/10.1007/s11606-012-2160-z
https://doi.org/10.1080/08870446.2016.1153640

	Abstract
	Abbreviations
	Background
	Methods
	Study population
	Study variables
	Disease and medication beliefs
	Outcomes
	Statistical analysis

	Results
	Unadjusted associations between illness and medication beliefs and adherence to asthma SMB
	Adjusted associations between beliefs and asthma SMB

	Discussion
	Conclusions
	Conflicts of interest
	Funding
	Notes on contributor
	ORCID
	References

