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Abstract

Confusion between panic and asthma symptoms can result in serious self-management errors. A
cognitive behavior psychophysiological therapy (CBPT) intervention was culturally adapted for
Latinos consisting of CBT for panic disorder (PD), asthma education, differentiation between
panic and asthma symptoms, and heart rate variability biofeedback. An RCT compared CBPT to
music and relaxation therapy (MRT), which included listening to relaxing music and paced
breathing at resting respiration rates. Fifty-three Latino (primarily Puerto Rican) adults with
asthma and PD were randomly assigned to CBPT or MRT for 8 weekly sessions. Both groups
showed improvements in PD severity, asthma control, and several other anxiety and asthma
outcome measures from baseline to post-treatment and 3-month follow-up. CBPT showed an
advantage over MRT for improvement in adherence to inhaled corticosteroids. Improvements in
PD severity were mediated by anxiety sensitivity in CBPT and by depression in MRT, although
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earlier levels of these mediators did not predict subsequent improvements. Attrition was high
(40%) in both groups, albeit comparable to CBT studies targeting anxiety in Latinos. Additional
strategies are needed to improve retention in this high-risk population. Both CBPT and MRT may
be efficacious interventions for comorbid asthma-PD, and CBPT may offer additional benefits for
improving medication adherence.
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Asthma and panic disorder (PD) share strikingly similar phenomenology. Respiratory related
symptoms, such as dyspnea, dizziness, chest tightness, choking and smothering sensations
are common in both disorders. The overlap in symptoms between asthma and panic may
lead an individual to mistake a panic attack as an asthma attack. This confusion may then
lead to excessive use of rescue medications and further worsen tremor, tachycardia, and
anxiety, the common side effects of this medication (Horikawa, Udaka, Crow, Takayama, &
Stein, 2014). This may trigger a maladaptive cycle of using rescue medications to treat
respiratory anxiety symptoms, mistaken as asthma, thus further increasing feared bodily
sensations and panic (Feldman, 2000; Rihmer, 1997). Alternatively, dismissing an asthma
attack as a panic attack can have fatal consequences.

PD and asthma occur together in individuals at a high rate. A 20-year longitudinal,
community-based study showed that adults with asthma were 4.5 times more likely to
develop PD than adults without asthma (Hasler et al., 2005). Conversely, PD is also
associated with later development of asthma (Alonso et al., 2014). Patients with asthma and
PD have greater health care use related to asthma, poorer asthma quality of life, and greater
report of rescue medications than asthma patients without PD, despite no differences on
pulmonary function (Feldman, Lehrer, Borson, Hallstrand, & Siddique, 2005). PD in asthma
patients is prospectively associated with worse asthma control (Favreau, Bacon, Labrecque,
& Lavoie, 2014; Hasler et al., 2005). No prior studies have examined adherence to inhaled
corticosteroids (ICS) for treatment of asthma in patients with PD. As patients increase
adherence to ICS, asthma control should improve and, in turn, anxiety focused on asthma.

Puerto Ricans have the highest asthma prevalence, morbidity and mortality rates for asthma
across all other ethnic groups (Akinbami LJ, 2011; NHLBI, 2013). Puerto Ricans with
asthma have the highest rate (21%) of PD compared to other ethnic groups, and rates of PD
are even higher among Spanish-speaking patients (Feldman et al., 2010). Therefore, Puerto
Ricans are the group most at risk for asthma -PD comorbidity and in need of interventions to
reduce morbidity of both conditions. However, Latinos and other ethnic minorities have been
severely underrepresented in RCTs of PD (Mendoza, Williams, Chapman, & Powers, 2012).
Given the unfeasibility of developing treatments that account for all of the cultural diversity
in the United States, recommendations suggest drawing from the knowledge base of existing
treatments and adapting them to meet the needs of specific racial/ethnic groups (Miranda,
Nakamura, & Bernal, 2003).
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Special care must be given when treating patients with asthma and PD because what may be
therapeutic for one condition can, under some circumstances, worsen the other condition.
Certain interoceptive exposure exercises, such as voluntary hyperventilation, may produce
airway obstruction in those with asthma (Meuret & Ritz, 2010) due to increased airway
cooling effects (Nielsen & Bisgaard, 2005). Patients with asthma are advised to avoid
allergens and other airway irritants, whereas patients with PD are advised to expose
themselves to triggers for panic, which may be confusing for patients without adequate
instruction. The high rate of agoraphobia (Feldman, Lehrer, Borson, Hallstrand, & Siddique,
2005) and phobic avoidance (Yellowlees & Kalucy, 1990) in patients with PD and asthma
may have started as appropriate attempts to eliminate asthma triggers (e.g., avoidance of
places with cigarette smoke exposure), which then generalized to excessive avoidance
behavior due to fear of panic attacks (e.g., avoidance of all public places). Cognitive
restructuring for PD is also complicated by the frightening and life-threatening nature of
asthma symptoms. For example, potentially catastrophic consequences can occur by
mislabeling asthma symptoms as simply being panic-related and engaging in only cognitive
restructuring.

Anxiety sensitivity, which measures fearful beliefs about the consequences of anxiety, may
be a key construct to target in the treatment of this population. Patients with asthma and PD
have greater anxiety sensitivity and fear of bodily sensations than asthma patients without
PD (Carr, Lehrer, Rausch, & Hochron, 1994). The physical concerns domain of anxiety
sensitivity is associated with worse asthma outcomes including asthma control, quality of
life, and pulmonary function (Avallone, McLeish, Luberto, & Bernstein, 2012; McLeish,
Luberto, & O’Bryan, 2016). Improvements in PD severity with CBT are mediated by
reductions in catastrophic cognitions with the strongest effects linked to physical
catastrophic cognitions (Hofmann et al., 2007). Anxiety sensitivity also mediates
improvements in PD severity with cognitive therapy (Meuret, Rosenfield, Seidel, Bhaskara,
& Hofmann, 2010). Both the physical and cognitive components of anxiety sensitivity are
especially relevant to Caribbean Latinos with anxiety. Anxiety sensitivity of these types of
experiences predicts the frequency of atagues de nervios, which is a well-known cultural
idiom of distress that is more prevalent within this cultural group (Hinton, Lewis-Fernandez,
& Pollack, 2009).

Cognitive behavior therapy (CBT) has shown promising results for the treatment of asthma
and PD, although there are limited data in this area. We developed a combined treatment
(Feldman, 2000; Lehrer et al., 2008) consisting of asthma education (Kotses et al., 1995;
NHLBI, 2007), panic control therapy (Craske & Barlow, 2006), and progressive muscle
relaxation (Jacobson, 1938). The treatment was adapted specifically for comorbid asthma-
PD by training patients to discriminate between asthma and panic symptoms, aided by the
use of a peak flow meter, to use the correct treatment strategy. Participants (7= 10) in an
uncontrolled study who received 8 sessions of treatment showed decreases on PD severity
and use of rescue medication for asthma, and improvements in asthma symptoms and
asthma quality of life (Lehrer et al., 2008). A separate study found that combining group
CBT (n= 15) with asthma education was associated with decreases in panic attacks, general
anxiety, and anxiety sensitivity in comparison to a wait-list control group (7= 10) at 6-
month follow-up, although improvements in asthma outcomes were not maintained (Ross,
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Davis, & MacDonald, 2005). Asthma patients who completed an individualized asthma
program that included cognitive and behavioral techniques reported improvements in self-
reported medication adherence across 3-month follow-up compared with a wait list control
(Put, van den Bergh, Lemaigre, Demedts, & Verleden, 2003). CBT combined with asthma
education has also been shown to reduce illness-specific panic-fear compared to treatment as
usual in patients with asthma and high levels of anxiety symptoms (Parry et al., 2012).

In the current trial, we substituted heart rate variability (HRV) biofeedback for progressive
muscle relaxation due its large effects on improvements on pulmonary function (Lehrer et
al., 2004). HRV biofeedback stimulates resonance characteristics of the cardiovascular
system caused by a constant rhythm in heart rate and blood pressure due to baroreflex
activity (Vaschillo, Lehrer, Rishe, & Konstantinov, 2002). When stimulated by breathing at
the resonance frequency, which typically is reflected in oscillations with a frequency
between 4.5 and 6.5 cycles per minute, the amplitude of both baroreflex activity and
respiratory sinus arrhythmia are greatly increased, and heart rate oscillations move into
perfect phase (0 degrees) with breathing (Vaschillo, Lehrer, Rishe, & Konstantinov, 2002).
Frequent high-amplitude stimulation of the baroreflex increases baseline baroreflex gain
(Lehrer, et al, 2003), thus improving activity in an important reflex that modulates blood
pressure, with extension to all autonomic reactivity. Although the exact mechanism by
which HRV biofeedback helps asthma has not been demonstrated, theoretical mechanisms
include improved respiratory gas exchange efficiency (Hayano, Yasuma, Okada, Mukai, &
Fujinami, 1996), stretching of the airways through slower and deeper breathing, decreased
tendency to hyperventilate, and reduction of stress and attendant autonomic hyperreactivity
(Lehrer & Gevirtz, 2014). We will refer to this treatment arm as cognitive behavior
psychophysiological therapy (CBPT).

We selected music therapy and paced breathing at each participant’s average respiration rate
for the comparison active treatment, hereafter called music relaxation therapy (MRT). The
rationale for music therapy was to serve as a non-specific, general relaxation intervention.
Paced breathing at participants’ average resting respiration rate provided an active control
for HRV biofeedback in order to match the focus on breathing at specific rates in both
groups. Listening to self-selected relaxing music following stressors reduces negative
emotional states and physiological arousal (Labbe, Schmidt, Babin, & Pharr, 2007). Music
therapy has resulted in lower depressive symptoms (Chan, Chan, Mok, Tse, & Yuk, 2009),
although no studies have examined the efficacy of music therapy on PD specifically. There
are limited data and mixed findings supporting music therapy as a complementary treatment
for asthma (Sliwka, Wloch, Tynor, & Nowobilski, 2014).

We hypothesized that participants who received CBPT would display greater reductions in
PD severity and improvements in asthma control and ICS adherence at post- treatment and
3-month follow-up. We predicted that improvements in PD severity in the CBPT group
would be mediated by reductions in anxiety sensitivity (physical/cognitive concerns).
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Latino participants with asthma age 18 years and over were recruited between 2010-2012 in
the Bronx, NY, via mailings from providers (61.0%), outpatient clinics (15.3%), the
emergency room (15.3%), and other sources (e.g., flyers; 8.5%). Inclusion criteria were: (i)
DSM-IV criteria for current PD (with or without agoraphobia) and PD Severity Scale
(PDSS) rating = 8, which is the optimal cutoff for identification of PD patients while
balancing sensitivity and specificity (Shear et al., 2001); (ii) fluency in spoken English or
Spanish; and (iii) participants agreed not to make changes in prescribed levels of
psychotropic medication for 2 months prior to the study and no changes during the 2 months
of the active protocol. Changes to psychotropic medication were assessed at each interview,
and no changes were reported. A diagnosis of asthma was confirmed by a board certified
pulmonary physician (CS) on the basis of data from medical records and the baseline
assessment, and in accordance with national guidelines (NHLBI, 2007). Inclusion criteria
for asthma consisted of one of the following: (i) improvement in PEF of = 20% (41.5%
reached eligibility on this criterion); (ii) a positive bronchodilator test demonstrated by
increase in FEV (forced expiratory volume in one second) of 12% or greater and at least
200 ml after inhaling a short acting bronchodilator (34%); (iii) documentation by provider of
clinical improvement in asthma symptoms after initiation of anti-inflammatory medication
(22.6%); or (iv) positive methacholine challenge test (1.9%).

Exclusion criteria were: (i) evidence of bipolar disorder, psychosis, mental retardation, or
organic brain syndrome; (ii) current alcohol or substance abuse/dependence; (iii) history of
smoking = 20 pack-years to reduce the possibility of undiagnosed chronic obstructive
pulmonary disease; (iv) other respiratory disorders; or (v) current participation in
psychotherapy for anxiety for less than 6 months. Psychotherapy for more than 6 months
was allowed based on the rationale that it was not effectively targeting PD if participants still
met criteria.

The study used a mixed design including one between-subjects variable (treatment group)
and one within-subjects variable (time). Participants were assigned by a biostatistician (SL)
to CBPT or MRT through stratified randomization using a computer generated sequence on
the basis of age, gender, language, PD severity, and asthma severity. The assignment of
assessors, therapists, and supervisors was balanced between the two groups. The study
protocol was approved by the Institutional Review Boards at the Albert Einstein College of
Medicine and Rutgers University, and CONSORT guidelines were followed. The study was
registered with ClinicalTrials.gov (NCT01583296). Power analyses were based on pilot data
(Lehrer et al., 2008) with medium effects estimated for primary outcome measures and a
goal of 20 participants per group.

Translations—English-to-Spanish translation of measures was completed by the Institute
for Clinical and Translational Research at Einstein and Montefiore. The instruments were
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reviewed in order to select wording that is common across Latino ethnic groups included in
this study. The resulting Spanish version was then translated back to English in order to
ensure that all of the items retained their original meaning, repeating such steps if necessary.
This process of translation and adaptation was specifically used for instruments that lacked
existing Spanish translations with sufficient reliability and validity.

Demographics and asthma severity—Participants reported their ethnicity, nativity,
household income, education, marital and employment status, health insurance, and cigarette
smoking history. Asthma severity was rated by a pulmonary physician (CS), blinded to
treatment group, according to the gold standard national guidelines: intermittent, mild
persistent, moderate persistent, and severe persistent (NHLBI, 2007). Asthma severity
ratings were based on asthma symptoms, asthma medications, and pulmonary function from
spirometry. Severity was based on the most severe level reached across these three
categories. Asthma severity at baseline was inferred by the level of medication required to
maintain control for participants regularly taking controller medication. Participants were
permitted to change their asthma medications during the study, and a pulmonary physician
rated the medication step according to national guidelines from each interview. No
significant effects were found for group (p = .63), time (p = .57), or group x time (p=.99)
on the step of asthma medications that participants were taking.

Panic disorder measures: primary outcomes—Diagnosis of PD was in accordance
with DSM-1V criteria, as determined by the Structured Clinical Interview for DSM-IV Axis
| Disorders (SCID-I), Research/Bilingual Version, Patient Edition (First, Spitzer, Gibbon, &
Williams, 2002). Advanced clinical psychology graduate students conducted this semi-
structured psychiatric interview and followed guidelines to carefully differentiate between
asthma and PD (Feldman, 2000).

The Panic Disorder Severity Scale (PDSS) assessed the severity of PD during the past month
(Shear et al., 1997). The PDSS has high internal consistency (Cronbach’s a = 0.88), good
inter-rater and test-retest reliability, and well established convergent and discriminant
validity (Shear et al., 2001). The PDSS has 7 clinician-rated items that range in severity
from 0 (None) — 4 (Extreme), and the overall mean is reported.

The Clinical Global Impression Scale (CGI) provided a clinician-rated, categorical definition
of treatment responders (Barlow, Gorman, Shear, & Woods, 2000). We used the same PD-
based anchors and cutoffs as Barlow et al. (2000) to define a responder as being rated with a
score of much improved or better compared with baseline and mild or less on PD severity.

The SCID, PDSS, and CGI interviews were conducted by advanced clinical psychology
doctoral students who were blinded to treatment condition. All interviews were videotaped
and reviewed by licensed clinical psychologists. Diagnosis of PD and ratings were
conducted by interviewers and supervisors, and final ratings were determined by consensus.
Inter-rater agreement on PDSS ratings was excellent (ICC = 0.91), and agreement on
diagnosis of PD was 92.6% for CBPT and 92.3% for MRT.
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The Anxiety Sensitivity Index-3 (ASI-3) is an 18-item measure of beliefs about the
consequences of experiencing anxiety symptoms consisting of subscales for physical
symptom, cognitive, and social concerns (Taylor et al., 2007). The subscales have good
internal consistency (Wheaton, Deacon, McGrath, Berman, & Abramowitz, 2012) and the
ASI-physical symptoms subscale is uniquely associated with PD (Olthuis, Watt, & Stewart,
2014). The questions range from 0 (very little) — 4 (very much) and a summary score is
calculated for each subscale with higher scores indicating greater anxiety sensitivity. The
ASI was examined as a mediator of change in PDSS in the CBPT group.

Asthma measures: primary outcomes—Adherence to ICS medication use was
calculated by the Medication Adherence Report Scale (MARS), a 10-item self-report
measure of adherence to controller medications. Both the English and Spanish versions of
the MARS have good internal consistency, test-retest reliability, and construct validity
(Cohen et al., 2009). The items range from 1 (always) — 5 (never) with higher scores
indicating greater adherence, and a score of = 4.5 is considered good adherence.

The Asthma Control Questionnaire (ACQ) consists of 6 questions assessing asthma
symptoms, nighttime awakenings, and use of rescue medication for asthma (Juniper,
O’Byrne, Ferrie, King, & Roberts, 2000). An objective measure of pulmonary function is
also incorporated into the ACQ by including %FEV1, which was calculated from spirometry
(nSpire Health, Longmont, CO) conducted at baseline. The items range from 0-6 with lower
scores indicating better asthma control. The English and Spanish versions have excellent
internal consistency and construct validity (Juniper, O’Byrne, Guyatt, Ferrie, & King, 1999;
Picado et al., 2008). Asthma control was also rated by a pulmonary physician (CS) as well
controlled, not well controlled, or very poorly controlled on the basis of asthma symptoms/
impairment and pulmonary function.

Secondary measures—The Agoraphobia Cognitions Questionnaire (AGOR) consists of
14 items assessing physical concerns and loss of control during periods of anxiety
(Chambless, Caputo, Bright, & Gallagher, 1984). The Body Sensations Questionnaire (BSQ)
is a 17-item measure of physical symptoms experienced during anxiety (Chambless, Caputo,
Bright, & Gallagher, 1984). Both measures have good reliability, discriminant, and construct
validity (Chambless, Caputo, Bright, & Gallagher, 1984). The response scales range from 1
to 5 and the mean score is reported.

The Beck Depression Inventory-11 (BDI) is a 21-item scale and the most widely used
measure of depression (Beck, Steer, & Brown, 1996). Both the English (Dozois, Ahnberg, &
Dobson, 1998) and Spanish versions (Wiebe & Penley, 2005) of the BDI have excellent
internal consistency, test-retest reliability, construct validity, and the same factor structure.
The items assess depressive symptoms during the past two weeks on a Likert scale ranging
from 0-3.

The Mini Asthma Quality of Life Questionnaire (AQLQ) was administered to assess the
impact of asthma on the patient’s quality of life (Juniper, Guyatt, Cox, Ferrie, & King,
1999). Both the English and Spanish versions have high internal consistency and construct
validity (Juniper, Guyatt, Cox, Ferrie, & King, 1999; Sanjuas et al., 2001). The response
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scale ranges from 1 (all the time) — 7 (none of the time) with higher scores indicating better
quality of life.

Dosers (MediTrack Products, Hudson, MA) were attached to rescue medications for asthma
to assess the frequency of as-needed medication use by participants. Data reduction steps
eliminated puffs that reflected outlier values (>12 puffs/day). Use of rescue medication was
coded as good asthma control (< 2 days/week) or poor control (> 2 days/week) in
accordance with national guidelines (NHLBI, 2007). Data were available for 16 of 24
participants in each group.

The credibility/expectancy questionnaire (CEQ) was adapted to focus on treatment of
asthma and PD. The CEQ has high internal consistency for both factors and good test-retest
reliability (Devilly & Borkovec, 2000).

Physiological measures and devices—Data on heart rate, HRV, respiration rate, and
end-tidal carbon dioxide (ETCO,) were recorded on a 6-channel 1-330-C2+ physiograph
device (J&J Engineering, Poulsbo, WA). ECG data were collected from sensors placed on
the right and left wrists, and a strain gauge was attached to the participant’s abdominal area
to measure respiration rate. ETCO, was measured by a capnometer (Better Breathing,
Boulder, CO) that sampled exhaled gas through a nasal cannula. HRV data were edited using
Kubios software (Version 2.1, University of Eastern Finland, MATLAB). Inter-beat-interval
(1BI) data were analyzed in the low frequency (LF) band (0.04-0.15 Hz), high frequency
(HF) band (0.15-0.4 Hz), and as a ratio (LF/HF).

The PD section of the Patient Health Questionnaire (Spitzer, Kroenke, & Williams, 1999)
was administered during recruitment as a brief screening to determine whether to invite
participants to the baseline session of SCID interview and the measures described above.
The interviews, medication data, and spirometry were collected at baseline, mid-treatment (4
weeks), post-treatment (8 weeks), and 3-month follow-up. Interviewers and therapists who
administered the Spanish versions were fluent in Spanish. Participants were instructed to
withhold asthma medications prior to spirometry unless medication was needed to treat
symptoms, and then appointments were rescheduled.

Focus groups and cultural adaptation of CBPT—We modified our treatment to
address cultural characteristics of the Latino population in the Bronx, NY. Five focus groups
(3 in English and 2 in Spanish) were conducted with 20 participants with asthma and PD.
The qualitative analyses were drawn from a grounded theory approach (Strauss & Corbin,
1998). The coding process relied on inductively identifying concepts that emerged from the
data, involved several members of the research team, and utilized consensus to arrive at final
codes and themes. The key themes that emerged included: intense emotional reactions
elicited in response to asthma and death of a loved one due to asthma; positive (e.g., caring
role, encouraging adherence behaviors) and negative influences (e.g., exposure to asthma
triggers, encouraging safety behaviors) of family members on asthma; and mistrust and lack
of communication with asthma providers. The culturally adapted treatment was piloted on 5
participants, who provided positive feedback on the intervention and showed improvements
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on all outcome measures. The next phase involved minor modifications to the manual, such
as specific examples for vignettes, and then carrying out the RCT.

Treatment conditions—Therapist manuals and handbooks for participants were prepared
for both CBPT and MRT conditions. Both treatments were administered on a weekly basis
over 8 weeks. Session content for the original treatment manual for asthma and PD has been
previously described (Lehrer et al., 2008). The importance of taking ICS medications was
discussed with participants in order to improve asthma control. Medication adherence data
were reviewed at the start of each session and feedback was given to participants in a non-
judgmental manner with an emphasis on the connections between controller medication use
and asthma control. The cultural adaptations included allowing the patient to discuss intense
emotional reactions to asthma; vignettes to help patients distinguish between asthma and
panic and adaptive versus maladaptive behaviors; a session with a key family member to
provide psychoeducation and assistance with carrying out treatment at home; and increasing
patient activation and empowerment by improving communication with the asthma provider
and the patient’s role in health care decision-making. An electronic peak flow meter (Piko-1,
nSpire, CO) was given to CBPT participants to provide a daily measure of peak expiratory
flow (PEF) to help these participants distinguish between asthma and panic exacerbations.
The StressEraser device was given to CBPT participants for home practice of HRV
biofeedback. This device provides electronic monitoring of homework adherence and
mastery by displaying more points for greater amplitudes of HRV.

Session content for MRT included supportive but non-directive counseling techniques about
patients’ experiences with asthma and panic; listening to relaxing music each session; paced
breathing at a respiration rate chosen by participants as being helpful for relaxation.
Participants listened to progressively less preferred relaxing music across sessions as they
mastered their skills to relax and increase resistance to stress. During the second half of
treatment, music therapy and relaxation breathing occurred simultaneously. An MP3 player
with musical selections was given to participants for home practice of music therapy.

Therapists and treatment integrity—The therapists included a clinical psychology
post-doctoral fellow and advanced graduate students. Extensive training was provided on
both treatment manuals as part of a 2-day workshop and followed by weekly 2-hour
meetings over 1 month. Weekly supervision was conducted between therapist and
supervisor, and all therapy sessions were videotaped. Treatment integrity ratings were
conducted on all sessions and based on the treatment manuals to assess the extent to which
items were covered during each session. Treatment adherence by participants was assessed
at the start of each session by having therapists review whether homework was completed.

Physiological data recordings—Data were collected on physiological measures at 4
sessions. The first session was used to identify each participant’s unique resonance
frequency (i.e., respiration rate at which maximum amplitudes in HRV occur) or designated
frequency (i.e., respiration rate at which participant felt most relaxed) in the MRT group.
Participants in both groups breathed for intervals of 2 minutes at various frequencies by
following a pacer. Recordings began with an initial 5-minute plain vanilla baseline task
(Jennings, Kamarck, Stewart, Eddy, & Johnson, 1992), followed by a 5-minute period of
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breathing at resonance or designated frequency. HRV biofeedback followed procedures
previously described (Lehrer, Vaschillo, & Vaschillo, 2000). For the MRT group the
therapist ensured that the frequency range was between 9 — 18 breaths/minute in order to
avoid the low-frequency range of HRV biofeedback and higher respiratory rates at which
dyspnea occurs in patients with PD (Wilhelm, Gerlach, & Roth, 2001). Both groups were
instructed to practice for 20 minutes twice daily.

Statistical Analyses

Statistical analyses were performed on an intent-to-treat basis using generalized linear mixed
model analyses (McCulloch & Searle, 2001) and included all participants who were
randomized and started the intervention (/7= 24/group). The assumption was that missing
data were missing at random (Ibrahim & Molenberghs, 2009). Identity and logit links were
used for continuous and categorical dependent measures, respectively. The analyses on
psychological and asthma outcome measures included age, gender, and education as
covariates. Asthma and PD severity at baseline were covariates except for analyses that
included these variables as dependent measures since the baseline time points were already
included in the repeated measure. Analyses on HRV data controlled for age, gender, and
height. HRV variables and ACQ data were transformed using the natural logarithm.
Statistical significance was defined by p-value <0.05. Effect sizes are reported as Cohen’s d
for continuous measures and (p2-p1)/p1*100% for binary outcomes where p represents the
proportion of the sample in each group.

We next examined longitudinal mediational models to determine whether the changes in
PDSS scores over time (i.e., the time effect on PDSS scores) were mediated by the time-
matched mediators (ASI) and their longitudinal changes using mixed model analyses. The
time points for variables included baseline, mid-treatment, post-treatment, and 3-month
follow-up. All variables were z-scored to ease the interpretation of the path coefficients. We
fitted the following three models following the methodology of Meuret et al. (Meuret,
Rosenfield, Hofmann, Suvak, & Roth, 2009): Model 1: Yjj= uj+ pio+ Cytimejj+ Co timeij2
+egjj, Model 2: Mij: Uoj+ Hoot a1 timeij+ a timeijz +egjj, and Model 3: Yij: Usj+ M3t
Cl’timeij+ Cz'timeij2 +b Mijj+ esjj; where Yijj and Mij represent the outcome and mediation
variables of the ith individual at time j, respectively. The coefficients u’s, C’s, a’sand b
represent the regression coefficients corresponding to the intercept, time, time? and the
mediator, respectively, as fixed effects, and u’s represent random effects to account for intra-
subject correlations and e’s for random errors. We applied Bonferroni multiple testing: Hol:
a1b=0 vs. HyL: ayb 20 and Hg2: asb =0 vs. Hq2: asb 20, each at alpha=2.5% (two-sided)
(MacKinnon, Fritz, Williams, & Lockwood, 2007). If 0 was not included in either (or both)
97.5% ClI, then we rejected Hp and established the mediation pathway.

We also examined reverse mediation using cross lag panel analyses to assess whether earlier
levels of PDSS scores predicted subsequent scores on the mediator (ASI) and vice versa.
Ruling out reverse mediation and establishing that changes in the mediator occur before
changes in the outcome provide additional support for establishing mediation (Meuret,
Rosenfield, Hofmann, Suvak, & Roth, 2009). All analyses were performed in SAS v.9.4
(SAS Institute, Cary NC).
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Results

The CONSORT flow chart is presented in Figure 1. Baseline characteristics of the
participants are shown in Table 1. The sample was primarily female, Puerto Rican, low-
income, unemployed, and on Medicaid or Medicare. The majority of participants had
moderate persistent asthma that was not well controlled. No significant differences were
found between CBPT and MRT participants on any baseline characteristics. Baseline
comparisons between participants who dropped out (n7 = 21) and completed the 3-month
follow-up (n = 32) showed no differences on demographics, PD severity, asthma severity, or
asthma control. The most commaon reason for drop-outs in both groups was due to cell
phones being disconnected and back-up contact numbers were not able to be reached.
Therefore, missing data are likely missing at random and not related to the intervention. No
difference was found between CBPT (40.7%) and MRT (38.5%) groups on the percentage of
participants who dropped out from the study,x2 (1, N =53) =0.03, p=.87.

Treatment credibility and integrity

Both groups rated their interventions as highly credible (CBPT = 24.03 + 0.75; MRT =
24.42 + 0.81) with high expectations for improvement on asthma and panic symptoms
(CBPT =33.37 £1.27; MRT = 35.11 * 1.38). No between-group differences were present.
Credibility/expectancy remained high in both groups across mid-treatment and post-
treatment with no effect of time. Treatment integrity ratings based on videotaped sessions
were very high in both groups (range for CBPT: 88-98%; range for MRT: 91-96%) and no
between-group difference was found, F (1, 295) =.42, p= .52.

Primary panic disorder outcome measures

Both groups showed within-group improvements in PDSS from baseline to post-treatment
(CBPT, p=.001; MRT, p<.0001), and from baseline to 3-month follow-up (CBPT, p<.
0001; MRT, p<.0001). Similar findings emerged on the CGI for treatment responders as
both groups showed improvement by post-treatment (CBPT = 30%, MRT = 21%), and a
large number were treatment responders by 3-month follow-up (CBPT = 76%, MRT =
62%). Effect size for the % change of responders on CGI from mid-treatment to 3-month
follow-up was 898.1% (~ 9 fold increase) for CBPT and 100% for MRT. No between-group
differences were found and the group x time interaction was not significant for either
measure (Table 2).

Primary asthma outcome measures

A group x time interaction was present on ICS adherence measured by the MARS, F (3, 79)
=3.82, p=0.01 (Table 3). A between-group difference was found when comparing the
change in MARS from baseline to post-treatment in CBPT versus MRT (d=.76), p=.017
and from baseline to 3-month follow-up in CBPT versus MRT (d= 1.07), p=.006. The
within-group increases on MARS in CBPT were significant from baseline to post-treatment
(p<.001) and from baseline to 3-month follow-up (p < .001). The within-group changes on
MARS in MRT were not significant. However, MRT reported better adherence at baseline
than CBPT (p=.008). No other between-group comparisons on any baseline outcome
variables were significant. Although the two groups began at different levels for ICS
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adherence, the rate of behavior change favored CBPT. These findings on the MARS reflect
CBPT closing the gap in these initial baseline differences on adherence across time. The
lack of improvement in MRT is not explained by a ceiling effect, as ICS adherence stayed
below the cutoff of 4.5 for good adherence (Cohen et al., 2009). Therefore, CBPT appeared
to offer an advantage over MRT on improving ICS adherence across time.

Both groups showed improvements in asthma control (ACQ) from baseline to post-treatment
(CBPT, p<.001; MRT, p=.02), and from baseline to 3-month follow-up (CBPT, p=.004;
MRT, p=.007). Both groups also showed improvements on %FEV; from baseline to post-
treatment (CBPT, p=.01; MRT, p<.001). However, no between-group differences were
found and the group x time interaction was not significant for ACQ or %FEV1.

Secondary outcome measures

Both groups also showed improvements on all other anxiety measures from baseline to post-
treatment and 3-month follow-up on the ASI subscales, BSQ, and AGOR (Table 2). Group x
time interactions were not significant on any secondary measures. A group effect showed
that MRT participants reported overall lower levels on ASI Cognitive and the BDI than
CBPT. Both groups displayed significant within-group improvements on the BDI from
baseline to 3-month follow-up, although the improvement for MRT participants from
baseline to post-treatment was greater than CBPT participants (o= .02, d=.84). Both
groups showed within-group improvements on the AQLQ at post-treatment and 3-month
follow-up. The effect size for % change on good asthma control defined by rescue
medication use at 3-month follow-up versus baseline was 69.1% for CBPT and 44.8% for
MRT.

Mediational analyses

The mediated pathways from time to PDSS through ASI as a time-matched mediator were
examined for each treatment group separately. Figure 2 shows that the ASI physical and
cognitive scales mediated the changes in PDSS over time in the CBPT group. Consistent
with our hypothesis, the mediated pathways over time to PDSS through ASI physical were
significant for both the linear trend (Time), a;*b=-.123, 97.5% CI [-.219, —.049], Pm
(proportion mediated) = .35 and the quadratic trend (Time?2), a,*b = .013, 97.5% CI [.005, .
025], Py = .30. ASI cognitive was also a significant mediator of changes in PDSS over time
in CBPT for the linear trend, a;* = -.106, 97.5% CI [-.197, —.038], Py = .30 and the
quadratic trend, a,*b=.013, 97.5% CI [.004, .024], Pyy = .28. Findings were not significant
for these mediational pathways in MRT. The ASI social scale was not a significant mediator
of PDSS for either CBPT or MRT.

Within subject cross lag panel analyses showed stability in the measures in that earlier levels
of ASI physical were associated with later levels of ASI physical, bMM = .74, p<.001, and
prior PDSS levels predicted later PDSS, bOO = .52, p< .01. Earlier levels of ASI physical
were not related to subsequent PDSS scores, bMO = .02, p=.88. Prior levels of PDSS did
not predict later levels of ASI physical, bOM = .17, p=.25 (reverse mediation). These
analyses show that changes in the outcome (PDSS) did not cause changes in the mediator
(ASI physical). However, these data do not support the notion that declines in ASI physical
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caused subsequent declines in PDSS in the CBPT group and thus, a third variable might
explain this directional relationship. Similar findings emerged when examining the
relationships between ASI cognitive and PDSS.

Exploratory mediational analyses were conducted for the MRT group and focused on the
BDI as a general measure in contrast with the specificity of ASI as a mediator in CBPT. The
BDI was selected as a mediator given the significant within group changes with large effects
for the BDI in MRT (see Table 2), and based on prior literature showing improvements in
depressive symptoms with music therapy (Chan, Chan, Mok, Tse, & Yuk, 2009). The
mediated pathways over time to PDSS through BDI were significant for both the linear trend
(Time), a;*b = -.263, 97.5% CI [-.576, —.015], Py = .52 and the quadratic trend (Time?),
ao*b =.034, 97.5% CI [0, .008], Py = .50. These findings for BDI as a mediator were
specific to MRT only, as BDI was not a mediator in CBPT analyses. Within-subject cross lag
panel analyses in MRT showed that earlier levels of BDI were associated with later levels of
BDI, bMM = .42, p< .05. Earlier levels of BDI were not related to later levels of PDSS,
bMO =-.22, p=.12, and prior levels of PDSS did not predict subsequent levels of BDI,
bOM = .12, p= .43 (reverse mediation). Although the BDI was a mediator of change across
time in PDSS for the MRT group when examined as a time-matched mediator, the BDI did
not predict later improvements in PD severity.

Psychophysiological measures

Analyses on psychophysiological data provided evidence of treatment fidelity for HRV
biofeedback (Table 4). The CBPT group showed large increases within each biofeedback
session on LF and the LF/HF ratio, and decreases in respiration rate from baseline to HRV
biofeedback. No changes were seen on these measures in MRT during music/relaxation
breathing, which confirms that CBPT participants were properly trained to alter these
psychophysiological parameters during the sessions. ETCO, was not specifically targeted in
either group and, thus no within-group or between-group differences were seen.

Discussion

Both CBPT and MRT improved on several measures of PD, anxiety, and asthma outcomes at
post-treatment and 3-month follow-up. CBPT had an advantage over MRT on improvement
in ICS medication adherence assessed by self-report, but did not outperform MRT on panic
outcomes. Mediational analyses showed that the effect of CBPT on improvement in PD
severity across time was mediated by time-matched anxiety sensitivity, and depression
mediated improvements in PD severity in MRT. However, support was not found for earlier
levels of these mediators predicting later points of PD severity. Overall these findings
suggest that both interventions may hold promise in treating asthma-PD comorbidity in a
high-risk, ethnic minority population.

The improvement in PD with large effects in the current study, in both conditions, contrasts
with the very low natural recovery rate. A prospective, observational study showed that
Latinos with PD and agoraphobia are unlikely to recover naturally (.03 probability) during a
2-year follow-up, which is much lower than rates previously reported for non-Latino Whites
(Bjornsson et al., 2014). The fact that both CBPT and MRT showed improvement, during a
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much smaller observation period, points to the likely benefit of both treatments. One other
CBT study of anxiety in Latinos reported a 63% treatment response rate at 6-month follow-
up, although improvements on secondary measures of anxiety were not significant (Chavira
et al., 2014). The rate of treatment responders in the present study was 76% at 3-month
follow-up in CBPT, and medium-large effects were present on all secondary measures of
anxiety. These improvements occurred despite this Latino sample’s high severity of PD
symptoms, low functioning, and a psychosocial environment characterized by chronic
stressors. The large changes across time may also reflect that there was much room for
improvement on measures due to low levels reported at baseline. Agoraphobic avoidance has
been identified as the most consistent predictor of poorer outcomes in response to CBT
(Porter & Chambless, 2015) and our sample had a very high rate of agoraphobia
(CBPT=87.5%, MRT=79.2%). Major depressive disorder was also highly comorbid (37.5%)
with moderate depression levels on the BDI at baseline. In summary, the current
improvements exceeded those observed in the natural course of illness among Latinos with
PD, and occurred despite comorbidities that typically predict poorer outcomes, thereby
supporting the value of both behavioral treatments.

The advantage of CBPT over MRT for improvements in adherence to ICS medications is
consistent with other studies showing the potential for CBT to improve adherence with
disease management across follow-up. A brief motivational interviewing intervention
improved adherence to ICS across 6-month follow-up for individuals with poorly controlled
asthma (Lavoie et al., 2014). CBT has also demonstrated improvements in medication
adherence and disease markers among individuals with type 2 diabetes and depression
(Safren et al., 2014) and HIV/AIDS and depression (Safren et al., 2009), including one study
that culturally adapted CBT for Latinos (Simoni et al., 2013). The present study extends
these findings to Latinos with asthma that CBT has a large effect size in improving and
maintaining medication adherence across 3-month follow-up.

The cultural adaptations in the present study may have contributed to the improvements in
medication adherence, including increasing patient empowerment in health care decision-
making through a variety of elements. These included writing down questions to ask
providers prior to visits, discussing all treatments with providers including complementary
and alternative medications, and assertiveness training in communicating with providers
who are typically viewed as being in a position of authority. An intervention study focused
on minority patients from outpatient mental health clinics similarly found that these
techniques increase patient activation (i.e., active participation in health care decision
making) but not engagement or retention in care (Alegria et al., 2014). Mistrust and lack of
communication with providers was identified as a key theme during the focus groups in the
present study. Therefore, interactions with health care providers might be one module that is
of particular utility to patients from racial/ethnic groups who experience disparities in the
management of chronic disease. Nevertheless, this study did not directly compare culturally
adapted and unadapted CBT, making it unclear if improvements in adherence would have
occurred with the original CBT protocol (Lehrer et al., 2008).

The lack of significant group differences on most outcome measures may be attributed to the
stringent comparison to another active treatment. There is evidence that music therapy and
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greater attention to breathing might offer therapeutic benefits. Patients with mild asthma
who received music therapy and pulmonary rehabilitation showed greater improvements in
pulmonary function compared with patients who only received pulmonary rehabilitation
(Sliwka, Nowobilski, Polczyk, Nizankowska-Mogilnicka, & Szczeklik, 2012). A separate
asthma study showed that listening to music led to reductions in tension ratings, but had no
effect on pulmonary function, asthma symptoms, medication consumption, or health care
use (Lehrer et al., 1994). Music therapy has been shown to reduce anxiety across several
types of medical populations including patients with pulmonary conditions requiring
mechanical ventilator support (Wong, Lopez-Nahas, & Molassiotis, 2001), cardiac patients
(Buffum et al., 2006), and cancer patients (Mason & Silverman, 2014). Music may reduce
anxiety by decreasing physiological arousal including respiration rate, blood pressure, and
heart rate (White, 1999). Slow breathing in asthma patients with greater attention focused on
the breath led to improvements in asthma control, lung function, and quality of life across 6-
month follow-up (Ritz, Rosenfield, Steele, Millard, & Meuret, 2014). The paced breathing
aspect of MRT deprived PD patients of the regulatory process of respiration, which may
have inadvertently contributed to an element of exposure therapy for this group.

The mediators of change in this study were consistent with the expected pathways for
achieving reductions in PD severity in CBPT. Large effects were found in the present study
with anxiety sensitivity accounting for 28—-35% of the proportion of change in PD severity.
Even larger effects were found in MRT for depressive symptoms mediating change in PD
severity with approximately 50% explained variance. MRT may operate through more
nonspecific, general pathways of mood and negative affect. The music and relaxed breathing
in this study may have allowed a highly stressed population to simply take a break from the
multitude of life stressors and provided behavioral activation by engaging in an activity that
provided positive reinforcement in the form of pleasure. However, both CBPT and MRT
only met half of the requirements for establishing a directional and temporal sequence of
mediational pathways. Further research is needed to establish multimediator models that
take into account other variables.

The main limitations of this study were the small sample size and high drop-out rate (40%),
although this rate was not different between the two groups and similar to the attrition rate
(36%) reported in a separate CBT study for anxiety in Latinos (Chavira et al., 2014).
Retention of participants in this high-risk, inner-city sample was challenging given the
continuous stressors that interfered with participation. Nevertheless, all participants who
completed the 8 weeks of treatment remained in the study across the 3-month follow-up.
Medication adherence was targeted in the CBPT group and the significant findings that
emerged on the MARS could be due to recall bias or social desirability effects. The MARS
was not applicable to 25% of participants who were not taking ICS medications. Advances
are needed to improve electronic monitoring devices that can track all ICS medications. The
use of %FEV as the sole measure of pulmonary function was limited by its snapshot
measure of asthma control at a particular moment in time, and future studies should include
additional measures (e.g., daily PEF, exhaled nitric oxide). Finally, the findings of this study
are specific to a narrow sample of Latinos (primarily Puerto Rican) with asthma and PD, and
findings may not generalize to other Latino subgroups.
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This is the first study of CBT for Latinos with asthma and PD. More research is needed with
larger samples and longer follow-up to conclude which intervention is the most effective in
treatment of PD in Latinos with asthma. In order to increase generalizability, studies are
needed with other ethnic minority groups and a broader sample of anxiety patients with
medical comorbidity. Future studies should examine whether CBPT can integrate
interventions to increase ETCO, given hypocapnic levels at times in the present sample, and
demonstrated efficacy of capnometry-assisted respiratory training for improving asthma
control (Ritz, Rosenfield, Steele, Millard, & Meuret, 2014) and PD symptom severity
(Meuret, Rosenfield, Seidel, Bhaskara, & Hofmann, 2010). A key question for future
research is whether combined approaches of medical disease self-management and CBT for
anxiety disorders are necessary, or if current evidence-based treatments for anxiety disorders
can be applied broadly across medical populations as well as ethnic minorities.
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. Latinos improved on panic disorder severity and asthma control in both
groups.
. CBT had greater improvements on asthma medication adherence than

music-relaxation.

. Improvements in panic disorder severity were mediated by anxiety
sensitivity in CBT.

. Depression was a mediator of change in panic disorder severity in
music-relaxation.
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pre-screening (17=485)

Excluded:
Enrollment +  No Panic (n=165)
.

> 20 pack-year smoking
history (n=37)
+  Bipolar disorder (n=26)

L Assessed for eligibility at }

[ Baseline Assessment ] 204 met initial pre-screening criteria
and were invited to participate in a
detailed assessment

Declined to participate
(n=14)

A4

Lost to outreach (n=76)

114 completeq baseline
essment

. . A
diagnostic as: Boliided:

+  No Panic (n=19)
+ PDSS <8 (n=2)
¢ Unable to confirm asthma

(n=10)
+  Other (n=29)
Declined to participate: n=1

A,

Randomization (n=53)
Y

Allocated to CBPT intervention (n=27) Allocated to MRT intervention (1=26)
+  Dropped out (n=11) +  Dropped out (n=10)
= Before intervention (n=3) = Before intervention (n=2)
= After start of intervention (n=8) = After start of intervention (1=8)
CBPT: Completed Treatment n=16 MRT: Completed Treatment n=16

} l

[ CBPT: 3-month follow-up completers (n=16) ] [ MRT: 3-month follow-up completers (1=16) ]

Figure 1.
Flowchart of Participants

CBPT = Cognitive Behavior Psychophysiological Therapy; MRT = music relaxation therapy
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Table 1

Baseline characteristics of participants by treatment condition

CBPT(n=24) MRT (n=24) pvalue
Age, mean (+ SD) 438+118 426+129 73
Sex, % () female 91.7 (22) 95.8 (23) .55
Ethnicity, % () 14
Puerto Rican 83.3 (20) 79.2 (19)
Other Latino 16.7 (4) 0.8 (5)
Continental US-born,% (1) a7
Yes 58.3 (14) 54.2 (13)
No 41.7 (10) 45.8 (11)
Household income, % () 31
> $16000 41.7 (10) 56.5 (13)
< $16000 58.3 (14) 435 (10)
Education, % (7) .06
At least some college 33.3(8) 58.3 (14)
High school 25.0 (6) 29.2 (7)
Less than high school 41.7 (10) 12.5(3)
Language preference for treatment, % () .30
English 83.3 (20) 70.8 (17)
Spanish 16.7 (4) 29.2(7)
Cigarette smoking, % () .54
Current smoker 21.7 (5) 26.1 (6)
Ex-smoker 26.1 (6) 13.0(3)
Never smoked 52.2 (12) 60.9 (14)
Marital status,% (1) .92
Married 25.0 (6) 20.8 (5)
Never married 45.8 (11) 45.8 (11)
Separated/divorced/widowed 29.2 (7) 33.3(8)
Employment status, % (/) .99
Employed or student 37.5(9) 37.5(9)
Unemployed 62.5 (15) 62.5 (15)
Health Insurance, % (1) .73
Medicaid or Medicare 87.0 (20) 83.3 (20)
Other 13.0 (3) 16.7 (4)
Taking ICS medication, % (1) 70.8 (17) 79.2 (19) .51
Taking medication for anxiety/depression, % (1) 52.4 (11) 45.5 (10) .65
Asthma severity baseline, % (7) .88
Intermittent/mild persistent 12.5(3) 16.7 (4)
Moderate persistent 79.2 (19) 79.2 (19)
Severe persistent 8.3(2) 4.2 (1)
Asthma control, % () .68
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CBPT(n=24) MRT (n=24) pvalue
Well controlled 12.5(3) 16.7 (4)
Not well controlled/very poorly controlled 87.5(21) 83.3 (20)
Panic Disorder with agoraphobia, current % () 87.5 (21) 79.2 (19) 44
Major Depressive Disorder, current % (77) 37.5(9) 37.5(9) .99
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