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Abstract

Background. This study aimed to examine aspects of emotional distress and their association with
asthma control among individuals with asthma across two phases of the pandemic. Individuals with
asthma report emotional distress at higher rates than healthy controls, an association thought to be
exacerbated by the COVID-19 pandemic. Although early studies suggested elevated mental health
vulnerability in asthma, changes throughout the pandemic and the role of asthma control remain unclear.

Methods. Data were collected via online surveys in an early phase in 2020 and a late phase in 2022.
Participants (N=414; asthma n=180, controls n=234) completed measures of general anxiety and
depression, COVID-19 related fear, emotional exhaustion/burnout, and asthma control. Analyses were
conducted using multivariate multilevel models, adjusting for demographics and pandemic-specific
adverse events.

Results. Those with asthma reported higher distress compared to controls, regardless of pandemic
phase. Specifically, those with asthma reported higher COVID-19 fear, anxiety, and emotional exhaustion,
but not depression. In both groups, there was reduction in distress from the early phase to the late phase
of the pandemic, which was evident for depression, anxiety, COVID-19 fear, but not for emotional
exhaustion. lower asthma control was associated with higher distress among participants with asthma,
which was significant on all 4 measures of distress.

Conclusion. Asthma was associated with psychological vulnerability throughout the pandemic.
Integrated asthma care needs to address sustained emotional distress during times of a public health
crisis.

Background

Individuals with asthma frequently experience compromised mental well-being, with anxiety and
depression being a particularly prevalent concern [1, 2]. This heightened distress is often intertwined
with the challenges inherent in managing a chronic respiratory condition, creating a bidirectional
relationship in which distress can exacerbate asthma symptoms, and the experience of asthma can
further fuel distress [3, 4]. Recognizing this comorbidity is crucial, as it can significantly impede overall
well-being and effective disease management in this population [5-7]. Pre-pandemic studies have
established that mental health symptoms, including anxiety and depression, are linked to poorer asthma
management [3, 8]. As far as intervention go, some have suggested interventions traditionally used in
treatment of psychopathology (cognitive behavioral therapy, mindfulness-based interventions) may
improve asthma control [9, 10].

The COVID-19 pandemic triggered a global surge in distress levels [11, 12]. This period presented unique
stressors, contributing to emotional distress, including anxiety and a specific fear of contracting the
virus. For vulnerable populations, including individuals with pre-existing conditions like asthma, distress
is often amplified by factors such as social isolation, reduced access to medical care resources, and the
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potential for respiratory infections to trigger asthma exacerbations [13-15]. Fear of COVID-19 itself
became a significant predictor of anxiety symptoms, disproportionately affecting those with underlying
health issues [16]. Uncontrolled asthma during lockdown was also associated with anxiety and
depression [17, 18]. Consistent with this, our initial findings from a survey early during the pandemic [15]
demonstrated elevated psychological distress in those with asthma. Emotional exhaustion, an aspect of
burnout, was particularly elevated in participants with asthma compared to healthy controls, and asthma
symptoms mediated this group difference. Interestingly, burnout has rarely been studied in the context of
asthma, as most studies have focused on anxiety and depression. Burnout can be characterized by
symptoms of emotional exhaustion, negative attitudes or low empathy in interpersonal relations, and
feelings of professional failure. In the context of the initial phase of the pandemic, it was the emotional
exhaustion component of burnout that stood out in our earlier findings [15], thought to be in part due to
the stress of managing asthma symptoms during a pandemic. Surprisingly, COVID-19-related fear was
not significantly elevated in asthma over healthy controls at that time.

The current study followed up on this survey with a second wave of data collection in a later phase of the
pandemic, during which vaccines had become available. This second wave included data from about
half of the participants in the first wave, plus new participants. The aim was to investigate differences in
distress, including reports of general anxiety, depression, COVID-19 fear, and emotional exhaustion,
between an asthma sample and healthy controls, and whether these associations differed between the
two phases of the pandemic. Given the protective potential of vaccines, we expected lower levels of
distress to be reported in the second phase. However, in line with an extensive literature showing higher
distress in asthma, we expected higher levels of distress in the asthma sample across phases. We also
expected that, for those with asthma, the perceived vulnerability of lower asthma control would be
associated with more distress across pandemic phases specifically for COVID-19 fear and for the
emotional exhaustion component of burnout. The latter of which has been shown to distinguish
individuals with asthma from healthy controls, and which was related to asthma symptoms early in the
pandemic in our previous report [15].

Methods
Participants

This investigation used two primary samples from a COVID-19 Experience Survey collected through the
RedCap survey platform. The surveys explored lifestyle changes experienced by adults during the
pandemic. Adult participants with and without asthma were recruited both through social media
advertisements and from a research participant database. The majority of participants were located in
the North Texas. The early phase survey was completed from July to November of 2020 [15], and the
later phase from January to May of 2022. In the later phase, we included all participants who responded
to our recruiting efforts, comprised of a subgroup of the participants who participated in the early phase
(n =96 out of the original n =219) plus others who had not participated in the early phase survey. As an
incentive, participants of both surveys were offered an option of entering email addresses not linked to
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their survey into a raffle for 10 $50 online retailer gift cards. The protocol for this study was approved by
the Southern Methodist University Institutional Review Board (Protocol #H20-103-RITT). Participants
provided written consent to participate in the survey.

Measures

Fear of COVID-19

The Fear of COVID-19 Scale (FCV-19S) was used to assess specific fears and concerns related to COVID-
19 [19]. The FCV-19S is a questionnaire with seven items rated on a 5-point bipolar rating scale (1 =
Strongly Disagree, 5 = Strongly Agree), with possible total scores ranging from 7 to 35. Example items
include, “My heart races or palpitates when | think about getting Coronavirus Disease-19" and “l am
afraid of losing my life because of coronavirus-19”. A higher score is indicative of a higher fear of COVID-
19. The scale had acceptable reliability at development (a =.82, ICC=.72) [19].

General Anxiety and Depression

The Patient Health Questionnaire for Depression and Anxiety (PHQ-4) was used to assess levels of
general anxiety and depression [20]. This brief measure contains 2 items relevant to cognitive aspects of
anxiety and worry, and two items relevant to depression. Items were rated on a 4-point scale (0 = Not at
all, 3 = Nearly every day), with subscale scores ranging from 0 to 6. Higher scores indicated more anxiety
or depression symptomology. The subscales have been shown to have acceptable internal consistency
for anxiety (a =.78) and depression (a=.75) [21].

Asthma Control

The Asthma Control Test (ACT) was used to assess participants’ self-report of asthma control [22]. It is
a 5-item questionnaire in which each item is rated on a 5-point scale. The ACT scores range from 5 to 25,
with higher scores indicating better asthma control. The ACT has been shown to have an acceptable
internal consistency (a =.84) [23].

Emotional Exhaustion

The Maslach Burnout Inventory-General Survey (MBI-GS) [24] was used to assess levels of emotional
exhaustion. The MBI-GS was administered with modified instructions to expand the scope from feelings
towards job and work to feelings towards “jobs, volunteer work, studies, and/or daily routine”. The MBI-
GS Emotional Exhaustion scale assesses feeling overextended and drained of one’s emotional resources
and consists of 5 items rated on a 7-point rating scale of frequency (0 = Never, 6 = Everyday). Higher
scores indicate more emotional exhaustion. The MBI-GS Emotional exhaustion has been shown to have
an excellent internal consistency (a=.91-.92) [25, 26].
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Pandemic-specific adverse events

To account for experiences unique to the pandemic that could lead to heightened distress, we assessed
the experience of pandemic-specific adverse events identified in literature to be particularly stressful
[27]. In the early pandemic survey, 30 events were assessed, such as job loss, housing insecurity, and the
death of a close friend or family member due to COVID-19. Given that many of these events were not
relevant anymore in the late phase of the pandemic after vaccine availability and termination of
lockdowns, only four events were assessed in the late phase, including testing positive for COVID-19,
experiencing complications from COVID-19, being hospitalized for COVID-19, and experiencing the death
of a close friend or family member from COVID-19. Two of these events overlapped between surveys in
both phases: being hospitalized for COVID-19 and death of a close friend or family member. Reports of
being hospitalized for COVID-19 were rare in both phases (< 2.6%), compared to over 10% of the sample
endorsing the death of the loved one from COVID-19. Therefore, only the latter item is included in the
analyses.

Data Analysis

All statistical analyses were performed using mixed effects multilevel models in SPSS version 28.
Participants missing > 50% of their data were excluded (12.7%). Data were screened for outliers and
skewness. Differences between groups of participants (phase one only, phase two only, and both
phases) on key demographic variables were tested using Chi-square test of independence, Fisher-
Freeman-Halton exact tests, or one-way ANOVAs as appropriate given the variable type and expected
cell count. Phase one pandemic data (collected in 2020) has been previously published [15] but was
included in the present analyses as part of a larger sample combining data from early in the pandemic
(2020) with data from late in the pandemic (2022). The multivariate, repeated measures, analytical
approach in the current study was also very different from the univariate, non-repeated measures
approach employed in the previous paper.

Multivariate multilevel mixed models (MMLMSs) were used to investigate effects of asthma and asthma
control on distress (for details see the Supplement). The multivariate distress outcome was comprised
of 4 measures: anxiety (PHQ-4 Anxiety subscale), depression (PHQ-4 Depression subscale), COVID-19
Fear (FCV-19s), and emotional exhaustion (MBI-GS). Participants who provided data for the early phase
of the pandemic were invited to provide data at the late phase assessment. N = 96 of the total n =219
participants in the early phase provided data for the late phase assessment. An additional 195
individuals who did not participate in the early phase provided data at the late phase. Since MLM models
are intent-to-treat and include all participants who completed at least one outcome at one timepoint, our
models included participants who took part in either survey phase as well as those who participated in
both phases (total N = 414). For participants with only one assessment (either early or late phase), the
data at the missing assessment was coded as missing (as opposed to eliminating those participants
with only one assessment).
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In our first set of analyses (model 1), the focal predictors were group (asthma vs. control), phase (early
phase vs. late phase) and their interaction. In the second set of analyses (model 2), the focal predictors
were asthma control (ACT total score), phase, and their interaction. Since asthma control only relates to
individuals with asthma, these analyses just included participants with asthma. Follow-up univariate
analyses for each individual outcome measure were performed to examine each significant multivariate
result in detail. All analyses included the following covariates: age, sex, minority race/ethnicity, and
whether the participant experienced the loss of a loved one due to COVID-19.

Sensitivity analyses were performed to assess the missing at random assumption of the MMLMs [28]
(for details see the Supplement) These models tested whether any of the effects from the primary
analyses differed between those who participated in both phases (no missing data) vs. those who
participated in one phase (with missing data).

All analyses controlled for age, sex, race, ethnicity, and death of a close friend or family member from
COVID-19. Further, all models were calculated using an unstructured covariance matrix and maximum
likelihood estimation. Random intercepts were estimated for individuals.

Results

A total of 414 participants were included in the analyses (219 in early phase, 291 in late phase, 96 of
which had participated in both phases; 180 with asthma, 234 without asthma). No outliers (defined as >
3 SD from the mean) were identified. Skewness was < |1]| for all measures. The sample was
predominantly White (78.7%), female (82.9%), and middle-aged (mean = 56.2 years, SD = 9.4, range = 30—
83). Participants with asthma represented all levels of asthma control with intermittent and persistent
severity levels. 62.8% of patients’ scores on the ACT indicating “well controlled” asthma (score of 20 or
greater) and 70.2% meeting criteria for persistent asthma according to self-reported symptoms and
medications [29] (Table 1). Individuals who participated only in phase one, only in phase two, or in both
phases did not differ on the key demographic variables of age, sex, race, ethnicity, asthma status, and
years of education. These three groups did differ on reports of death of a loved one (x(2) =
10.74,p=.005). Not surprisingly, individuals who participated only in phase two were more likely to report
having a loved one die from COVID-19, compared to those who participated in phase one only (x?(1) =
7.04,p=.008). Similarly, those who participated in both phases were more likely to report COVID-19
related deaths compared to those who participated in phase one only (x?(1) = 10.6,0=.001). Reports did
not significantly differ between the phase two group and the group who participated in both phases
(p=.323).
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Basic descriptives and questionnaire scores for participants in two pandemic phases (2020 and 2022).

Table 1

Categorical Variables, n (%)
Asthma Status
Healthy Control
Asthma
Sex
Female
Male
Race
White
Black/ African American
Asian
Pacific Islander
Native American
Mixed race
Other
Ethnicity
Hispanic
Non-Hispanic
Other

Pandemic-specific adverse events

death of a loved one from COVID

COVID-19 Vaccination Status

Vaccinated or partially vaccinated

Continuous Variables, M (SD)
Age- Years

Education - Years

Note. Abbreviations: ACT, asthma control test; FCV-19s, fear of COVID-19 scale; M, mean; SD,

Full Sample (n = 414)

234 (56.5)
180 (43.5)

343 (82.9)
71 (17.1)

343 (82.9)
35 (8.5)
8(1.9)
1(0.2)

7 (1.7)

14 (3.4)

6 (1.4)

45 (10.9)

367 (88.6)

2 (0.5)

62 (15.0)

256 (88.0)

56.2 (9.4)
15.9 (3.0)

standard deviation; MBI, Maslach burnout inventory; PHQ, patient health questionnaire
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Categorical Variables, n (%) Full Sample (n = 414)

Asthma Control (ACT) 19.1 (5.0)
General Anxiety (PHQ) 2.3(1.9)
Depression (PHQ) 1.9 (1.8)
COVID-19 Fear (FCV-19S) 16.0 (6.3)
Emotional Exhaustion (MBI) 3.1(1.9)

Note. Abbreviations: ACT, asthma control test; FCV-19s, fear of COVID-19 scale; M, mean; SD,
standard deviation; MBI, Maslach burnout inventory; PHQ, patient health questionnaire

Associations between both Asthma and Phase with
distress (Model 1)

The analysis of the multivariate outcome showed that participants with asthma reported higher
multivariate distress than control participants (main effect of group: b = 0.27,t(419) = 3.73,
p<.001,Table 2).

Table 2

Parameter estimates demonstrating the associations of asthma group and pandemic phase with
multivariate distress

Predictor B 95% CI df t p
Group 0.27 (0.13,0.41) 419 3.73 <.001
Phase -0.21 (-0.30,-0.12) 201 -4.40 <.001
Group by Phase 0.04 (-0.15, 0.23) 196 0.40 .691
Death of a loved one 0.22 (0.05,0.38) 378 2.63 .009
Age -0.01 (-0.02,-0.01) 414 -3.68 <.001
Race 0.04 (-0.14, 0.21) 415 0.41 .681
Sex -0.17 (-0.35,0.01) 413 -1.81 .071

Note. Abbreviations, Cl, confidence interval; df, degrees of freedom Coding: Group, asthma =1,
control = 0; Phase, early phase =1, late phase = 2; Death of a loved one, experienced = 1, not
experienced = 0. Race, non-Hispanic White = 0, any other racial or ethnic non-Hispanic group = 1; Sex,
male = 1, female = 0. The group and phase variables are centered at their means.

Follow-up univariate analyses of the individual components of multivariate distress showed that
participants with asthma reported significantly more COVID-19 fear (p=.024), anxiety (p<.001), and
emotional exhaustion (p<.001) than control participants (Table 3). The group difference in emotional
exhaustion was significantly greater than the group difference in depression and COVID-19 fear (p<.001

Page 8/26



and p=.032, respectively), while the group difference in anxiety was greater than that in depression
(p=.023) (Table 3).
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Table 3

Models showing the univariate effects of Group and Phase on each outcome separately, and how these
effects differ between the referenced outcome and the other outcomes.

Predictor B 95% CI df t p

Interpretation

Reference Outcome: COVID-19 Fear

Group 0.21 (0.03,0.38) 510 2.26 .024

Association of asthma group with COVID-

19 fear

Phase -0.39 (-0.53, 318 -5.27 <.001
-0.24)

Association of phase with COVID-19 fear

Anxiety -0.01 (-0.10, 513 -0.11 912
0.09)

Association of anxiety with COVID-19 fear

Group by Anxiety 0.11 (-0.0)8, 513 1.14 .253
0.29

Difference in group effect between anxiety

and COVID-19 fear

Phase by Anxiety 0.11 (—0.0)8, 513 1.11 .267
0.29

Difference in phase effect between anxiety

and COVID-19 fear

Depression -0.01 (-0.11, 514 -0.18 .860
0.09)

Association of depression with COVID-19

fear

Group by Depression -0.05 (-0.2)6, 514 -0.47 .636
0.16

Difference in group effect between

depression and COVID-19 fear

Phase by Depression 0.23 (0.03,0.44) 514 2.21 .027

Difference in phase effect between

depression and COVID-19 fear

Emotional Exhaustion -0.03 (-0.1)3, 512 -0.62 .538
0.07

Association of emotional exhaustion with

COVID-19 fear

Group by Emotional Exhaustion 0.21 (0.02,0.41) 512 2.16 .032

Difference in group effect between

emotional exhaustion and COVID-19 fear

Phase by Emotional Exhaustion 0.44 (0.25,0.64) 512 4.44 <.001
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Predictor B

Interpretation

Difference in phase effect between
emotional exhaustion and COVID-19 fear

Reference Outcome: Anxiety

Group 0.31
Association of asthma group with anxiety

Phase -0.28
Association of phase with anxiety

COVID-19 Fear 0.01
Association of COVID-19 fear with anxiety

Group by COVID-19 Fear -0.11

Difference in group effect between COVID-
19 fear and anxiety

Phase by COVID-19 Fear -0.11

Difference in phase effect between COVID-
19 fear and anxiety

Depression -0.00
Association of depression with anxiety
Group by Depression -0.16

Difference in group effect between
depression and anxiety

Phase by Depression 0.13

Difference in phase effect between
depression and anxiety

Emotional Exhaustion -0.03
Association of emotional exhaustion with

anxiety

Group by Emotional Exhaustion 0.10

Difference in group effect between
emotional exhaustion and anxiety

Phase by Emotional Exhaustion 0.33

Difference in phase effect between
emotional exhaustion and anxiety
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95% ClI

(0.14, 0.49)

(0.18, 0.49)

df

530

304

513

513

513

514

514

514

o514

514

514

3.50

-3.93

0.11

-1.14

-1.11

-0.12

-2.27

1.83

-0.63

1.30

4.14

<.001

<.001

912

.253

.267

.907

.023

.068

.531

194

<.001




Predictor

Interpretation

Reference Outcome: Depression
Group

Association of asthma group with
depression

Phase
Association of phase with depression
COVID-19 Fear

Association of COVID-19 fear with
depression

Group by COVID-19 Fear

Difference in group effect between COVID-
19 fear and depression

Phase by COVID-19 Fear

Difference in phase effect between COVID-
19 fear and depression

Anxiety
Association of anxiety with depression
Group by Anxiety

Difference in group effect between anxiety
and depression

Phase by Anxiety

Difference in phase effect between anxiety
and depression

Emotional Exhaustion

Association of emotional exhaustion with
depression

Group by Emotional Exhaustion

Difference in group effect between
emotional exhaustion and depression

Phase by Emotional Exhaustion

Difference in phase effect between
emotional exhaustion and depression

0.16

-0.15

0.01

0.05

-0.23

0.00

0.16

-0.13

-0.02

0.26

0.21
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95% ClI

(0.11, 0.42)

(0.05, 0.36)

df

536

342

514

514

514

514

514

514

514

513

513

1.66

-2.02

0.18

0.47

-2.21

0.12

2.27

-1.83

-0.55

3.39

2.65

.097

044

.860

.636

.027

.907

.023

.068

.586

<.001

.008




Predictor

Interpretation

Reference Outcome: Emotional Exhaustion

Group

Association of asthma group with
emotional exhaustion

Phase

Association of phase with emotional
exhaustion

COVID-19 Fear

Association of COVID-19 fear with
emotional exhaustion

Group by COVID-19 Fear

Difference in group effect between COVID-
19 fear and emotional exhaustion

Phase by COVID-19 Fear

Difference in phase effect between COVID-
19 fear and emotional exhaustion

Depression

Association of depression with emotional
exhaustion

Group by Depression

Difference in group effect between
depression and emotional exhaustion

Phase by Depression

Difference in phase effect between
depression and emotional exhaustion

Anxiety

Association of anxiety with emotional
exhaustion

Group by Anxiety

Difference in group effect between anxiety
and emotional exhaustion

Phase by Anxiety

0.42

0.05

0.03

-0.21

-0.44

0.02

-0.26

-0.21

0.03

-0.10

-0.33
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95% ClI

(0.24, 0.59)

(-0.41,
-0.02)

(-0.64,
-0.25)

(-0.42,
-0.11)

(-0.36,
-0.05)

(-0.49,
-0.18)

df

523

294

512

512

912

514

513

513

514

514

514

4.70

0.72

0.62

-2.16

-4.44

0.55

-3.39

-2.65

0.63

-1.30

-4.14

<.001

470

.538

.032

<.001

.586

<.001

.008

531

194

<.001




Predictor B 95% CI df t p

Interpretation

Difference in phase effect between anxiety
and emotional exhaustion

Note. For each referenced outcome, there are main effects for group, phase, and dummy variables of
each of the other outcomes.

The main effects for group and phase are the univariate effects for that outcome. The interactions
between the dummy variables for each other outcome and each effect (Group and Phase) tests the
difference between that effect on the referenced outcome and that effect on the dummy coded
alternative outcome. For example, the Group x Emotional Exhaustion effect under the COVID-19 Fear
outcome tests whether the group effect was different for Emotional Exhaustion than for COVID-19
fear. Abbreviations, see Table 2. Coding: Anxiety Dummy, Anxiety outcome =1, COVID-19 Fear,
Depression, and Emotional Exhaustion outcomes = 0; Depression, Depression outcome = 1, Anxiety,
COVID-19 Fear, and Emotional Exhaustion outcomes = 0; Emotional Exhaustion, Emotional
Exhaustion outcome =1, COVID-19 Fear, Depression, and Anxiety outcomes = 0, see Table 2. Group
and phase are centered at their means. For simplicity, the covariates that were included in each
ant?llysis (age, sex, minority race/ethnicity, loss of a loved one from COVID-19, are not included this
table.

The MMLM also showed that multivariate distress was higher in the early phase of the pandemic than in
the late phase (main effect of time: b=-0.21,t(201)=-4.40,p<.001). Follow-up univariate analyses showed
that in the late phase, participants reported lower COVID-19 fear (p<.001), anxiety (p<.001), and
depression (p=.044), but not lower emotional exhaustion (p=.470), compared to the early phase.
Comparing the effect of pandemic phase on the individual measures of distress, emotional exhaustion
retained its level of distress more in the second phase than did COVID-19 fear, anxiety, and depression
(p<.001, p<.001, and p=.008, respectively; Table 3). Also, although both depression and COVID-19 fear
decreased from early to late pandemic, depression decreased significantly less than COVID-19 fear from
the early to the late phase (p=.027) (Table 3).

linsert Table 3, submitted separately]

Additionally, the MMLM showed that the effect of group on distress did not vary by phase (p=.691 for the
Group x Phase interaction). Because the multivariate analysis showed that this effect was not
significant, no follow-up univariate analyses were conducted.

Finally, the MMLM showed that the covariates age (b=-0.01,t(414)=-3.68, p<.001) and Death of a loved
one from COVID-19 (b = 0.22, t(378) = 2.63, p=.009) were significantly associated with multivariate
distress.

Association of asthma control with distress

The analyses of the effects of asthma control on multivariate distress necessarily only included the
participants with asthma (n = 180). These MMLMs showed that lower asthma control was associated
with greater multivariate distress (main effect of baseline ACT: b=-0.05,t(191) = - 4.74, p<.001) (Table 4).
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Table 4

Parameter estimates demonstrating the associations of baseline asthma control and pandemic

phase with multivariate distress

Parameter B

ACT baseline -0.05
Phase -0.20
ACT by Phase 0.00
Death of a loved one 0.38
Age -0.01
Race -0.21
Sex -0.19

95% Cl
(-0.07,-0.03)
(-0.32,-0.07)
(-0.03,0.03)
(0.18, 0.58)

(-0.02, 0.00)
(-0.44,0.02)
(-0.46, 0.09)

df
191
93
97
181
185
190
183

t
-4.74
-3.15
-0.10
3.74
-1.14
-1.84
-1.34

p
<.001
.002
.920
<.001
254
.067
184

Note. Abbreviations, see Table 2. Coding, see Table 2. ACT Baseline it centered at its mean value.

Follow-up univariate analyses showed that better asthma control was associated with lower COVID-19
fear (p<.001), lower anxiety (p=.014), lower depression (p=.013), and lower emotional exhaustion

(p<.001). While none of these associations were significantly different from one another, the association

of asthma control with emotional exhaustion was marginally stronger than its association with

depression (p=.085) (Table 5).
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Table 5

Models showing the univariate effects of Group and Phase on each outcome separately, and how these
effects differ between the referenced outcome and the other outcomes.

Predictor B 95% CI df t p

Interpretation

Reference Outcome: COVID-19 Fear

ACT -0.05 (-0.08, 242 -3.40 <.001
-0.02)

Association of ACT with COVID-19 fear

Phase -0.37 (-0.58, 150 -3.30 .001
-0.15)

Association of phase with COVID-19 fear

Anxiety 0.06 (-0.08, 236 0.83  .408
0.20)

Association of anxiety with COVID-19 fear

ACT by Anxiety 0.01 (-0.0)2, 236 0.83  .409
0.04

Difference in ACT effect between anxiety and COVID-19

fear

Phase by Anxiety 0.03 (—0.2)5, 236 0.21 .835
0.31

Difference in phase effect between anxiety and COVID-

19 fear

Depression -0.01 (-0.1)7, 236 -0.14 .888
0.15

Association of depression with COVID-19 fear

ACT by Depression 0.01 (-0.0)2, 236 0.70 .488
0.05

Difference in ACT effect between depression and

COVID-19 fear

Phase by Depression 0.24 (-0.0)8, 236 150 .136
0.56

Difference in phase effect between depression and

COVID-19 fear

Emotional Exhaustion 0.10 (-0.0)5, 235 129 .198
0.24

Association of emotional exhaustion with COVID-19

fear

ACT by Emotional Exhaustion -0.01 (-0.0)4, 236 -0.56 .575
0.02

Difference in ACT effect between emotional exhaustion
and COVID-19 fear

Note. See the notes for Tables 2 and 3. ACT and phase were centered at their means
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Predictor
Interpretation
Phase by Emotional Exhaustion

Difference in phase effect between emotional
exhaustion and COVID-19 fear

Reference Outcome: Anxiety

ACT

Association of ACT with anxiety

Phase

Association of phase with anxiety
COVID-19 Fear

Association of COVID-19 fear with anxiety
ACT by COVID-19 Fear

Difference in ACT effect between COVID-19 fear and
anxiety

Phase by COVID-19 Fear

Difference in phase effect between COVID-19 fear and
anxiety

Depression
Association of depression with anxiety
ACT by Depression

Difference in ACT effect between depression and
anxiety

Phase by Depression

Difference in phase effect between depression and
anxiety

Emotional Exhaustion
Association of emotional exhaustion with anxiety
ACT by Emotional Exhaustion

Difference in ACT effect between emotional exhaustion
and anxiety

Note. See the notes for Tables 2 and 3. ACT and phase were centered at their means

0.30

-0.04

-0.34

-0.06

-0.01

-0.03

-0.07

0.00

0.21

0.04

-0.02

95% ClI

(0.00,
0.59)

df

236

239

166

236

236

236

236

236

236

236

236

1.99

-2.47

-2.95

-0.83

-0.83

-0.21

-1.26

-0.05

1.89

0.60

-1.62

.048

.014

.004

408

409

.835

210

.957

.060

.549

106
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Predictor B 95% ClI df

Interpretation

Phase by Emotional Exhaustion 0.27 (0.02), 236
0.51

Difference in phase effect between emotional

exhaustion and anxiety

Reference Outcome: Depression

ACT -0.04 (-0.07, 243
-0.01)

Association of ACT with depression

Phase -0.12 (-0.35, 180
0.10)

Association of phase with depression

COVID-19 Fear -0.06  (-0.20, 236
0.08)

Association of COVID-19 fear with depression

ACT by COVID-19 Fear -0.01 (—0.0)4, 236
0.02

Difference in ACT effect between COVID-19 fear and

depression

Phase by COVID-19 Fear -0.03 (-0.3)1, 236
0.25

Difference in phase effect between COVID-19 fear and

depression

Anxiety -0.07 (-0.18, 236
0.04)

Association of anxiety with depression

ACT by Anxiety 0.00 (-0.02, 236
0.02)

Difference in ACT effect between anxiety and

depression

Phase by Anxiety 0.21  (-0.01, 236
0.43)

Difference in phase effect between anxiety and

depression

Emotional Exhaustion 0.04 (-0.0)8, 236
0.16

Association of emotional exhaustion with depression

ACT by Emotional Exhaustion -0.02 (-0.0)5, 236
0.00

Difference in ACT effect between emotional exhaustion
and depression

Note. See the notes for Tables 2 and 3. ACT and phase were centered at their means

2.14

-2.50

-1.09

-0.83

-0.83

-0.21

-1.26

-0.05

1.89

0.60

-1.73

.033

.013

278

408

409

.835

210

.957

.060

.549

.085
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Predictor B 95% ClI df

Interpretation

Phase by Emotional Exhaustion 0.06 (-0.1)7, 236
0.28

Difference in phase effect between emotional

exhaustion and depression

Reference Outcome: Emotional Exhaustion

ACT -0.06 (-0.08, 230
-0.03)

Association of ACT with emotional exhaustion

Phase -0.07 (-0.25, 118
0.11)

Association of phase with emotional exhaustion

COVID-19 Fear -0.10 (-0.24, 235
0.05)

Association of COVID-19 fear with emotional

exhaustion

ACT by COVID-19 Fear 0.01 (—0.0)2, 236
0.04

Difference in ACT effect between COVID-19 fear and

emotional exhaustion

Phase by COVID-19 Fear -0.30 (-0.59, 236
0.00

Difference in phase effect between COVID-19 fear and

emotional exhaustion

Anxiety -0.04 (-0.16, 236
0.08)

Association of anxiety with emotional exhaustion

ACT by Anxiety 0.02 (0.00, 236
0.05)

Difference in ACT effect between anxiety and

emotional exhaustion

Phase by Anxiety -0.27 (-0.51, 236
-0.02)

Difference in phase effect between anxiety and

emotional exhaustion

Depression -0.11  (-0.22, 236
0.00)

Association of depression with emotional exhaustion

ACT by Depression 0.02  (0.00, 236
0.05)

Difference in ACT effect between depression and
emotional exhaustion

Note. See the notes for Tables 2 and 3. ACT and phase were centered at their means

0.49

-4.62

-0.78

-1.29

0.56

-1.99

-0.60

1.62

-2.14

-1.90

1.73

.623

<.001

440

.198

975

.048

.549

106

.033

.058

.085
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Predictor B 95% CI df t p

Interpretation

Phase by Depression -0.06 (-0.2)8, 236 -0.49 .623
0.17

Difference in phase effect between depression and
emotional exhaustion

Note. See the notes for Tables 2 and 3. ACT and phase were centered at their means

This MMLM also showed that multivariate distress was significantly higher in phase one compared to
phase two for this subsample of the full sample that had asthma (p=.002) (Table 4). Follow-up univariate
analyses showed that this effect of phase was significant for COVID-19 fear (p=.001) and for anxiety
(p=.004) (Table 5) in this subsample.

linsert Table 5, submitted separately]

Finally, the MMLM showed that the effect of asthma control on multivariate distress did not vary by
phase (p=.920 for the asthma control x phase interaction, Table 4). Because the multivariate analysis
showed that this effect was not significant, no follow-up univariate analyses were conducted. In this
model, Death of a loved one from COVID-19 (b =0.38, t(181) = 3.74, p<.001) was significantly associated
with multivariate distress.

Sensitivity analyses

The sensitivity analyses examined whether the effects of group, time, and their interaction were different
between those who had missing data (i.e., those who completed one survey phase) from those who had
no missing data (i.e., completed both survey phases). This analysis served two purposes. First, it can
show whether the missing data is consistent with the missing at random assumption of MLM. Second, it
can show if results for participants who completed only one survey were different from the results for
participants who completed both surveys. In model 1, no significant differences between those with
missing data and those without missing data were found (ps=.127 to .847; see Supplemental Table 1).
Similarly, the same sensitivity analysis for the effects of asthma control, phase, and their interaction
(model 2) found that none of the results were significantly different between those who had missing
data and those who did not (ps=.438 to .790; Supplemental Tables 2).

Discussion

The current study sought to examine the effect of asthma on distress during the COVID-19 pandemic.
We also examined how theses aspects of distress were related to asthma disease control. Those with
asthma reported higher distress compared to controls, an association that did not differ between early
and lates phases of the pandemic. This greater distress among those with asthma was evident on 3 of
the 4 measures of distress (COVID-19 fear, anxiety, and emotional exhaustion, but not depression) and
was stronger for emotional exhaustion than for depression and COVID-19 fear. We also found that there
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was a significant reduction in distress from the early to the late phase of the pandemic, which was
evident for depression, anxiety, COVID-19 fear, but not for emotional exhaustion, which notably did not
decrease significantly form early to late pandemic. Finally, lower asthma control was associated with
higher distress among participants with asthma, which was significant on all 4 measures of distress.

These results are consistent with previous work that highlights the psychological burden of disease
management [3, 4, 10]. They reinforce the importance of mental health care as a part of asthma
management during periods of health crises. Further the association with asthma control and distress
aligns with previous research suggesting a link between poorer asthma management and increased
distress [3, 17]. Addressing both distress and asthma control is likely to reduce the emotional and health
care burden of asthma, as their relation is likely to be reciprocal.

We observed that one aspect of distress, emotional exhaustion, was the only measure of distress that
did not decrease from early to late pandemic. This finding was evident in the analysis of the full sample
as well as in the analysis that included only participants with asthma. This questionnaire measures
psychological burnout and exhaustion related to daily activities and it may be that this measure reflected
the worry, concern, and drastic changes in daily life that continued, at least in part, into the late phase of
the pandemic (e.g. mask wearing, social distancing). Our findings extend the evidence for the specific
role that emotional exhaustion had shown in our previous analysis of the early pandemic phase, where it
was selectively elevated in asthma and associated with the experience of asthma symptoms [15].
Interestingly, the current study showed that the greater distress suffered by participants with asthma
over controls was significantly stronger for emotional exhaustion than for depression and COVID-19 fear.
The metacognitive theory of dyshomeostasis [30] suggests that in chronic dyshomeostasis, such as a
chronic disease like asthma, a metacognitive monitor updates beliefs regarding the ability to
successfully regulate bodily states (allostatic self-efficacy). With the repeated experience of a lack of
control over the disease, self-efficacy of the person would be negatively affected resulting in a stable
condition of burnout. While low asthma control itself can thus lead to dyshomeostasis that manifests as
exhaustion and burnout, the condition is further aggravated when combined with the specific challenges
a pandemic can pose to symptoms control. Thus, this aspect of distress deserves particular attention in
both disease management and mental health care of patients with asthma in times of pandemic crises.

Two of covariates also showed associations with pandemic distress. Experiencing the death of a close
friend or family member to COVID-19 was associated with higher distress highlighting the profound
impact of personal loss. Also, older adults showed lower distress in the full sample. However, age was
not significantly associated with distress in the asthma sample alone when accounting for asthma
control, which may indicate that the variance in distress accounted for by age in model one is subsumed
when more specific aspects of health and symptom experience are included. Although this is surprising,
given the possible elevated risk from COVID-19 infection in older adults, it aligns with the general
literature that indicates higher levels of emotional well-being, including lower reports of anxiety,
depression, and stress in older adults [31, 32], as well as with findings from pandemic studies, in which
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younger adults report more distress [33, 34]. Better adaptive coping and resilience buffering against
distress [31, 34, 35] may account for these differences.

Like many survey studies not based on strict sampling according to population characteristics, our study
was limited regarding representativeness of the sample. Our sample was predominantly composed of
white and female participants, which reduces its generalizability to more diverse populations.
Participants were also predominately located in specific regions of the American south, with North Texas
being most represented in these samples, which may further limit generalizability to residents of other
states who may have faced different pandemic-related policies or restrictions. As a survey, reliance on
self-report measures can also introduce bias towards the patients’ experience of their disease state
when medical assessments are not included in conjunction. Even though asthma control was assessed,
the survey format prohibited a detailed assessment of severity and clinical presentation of asthma,
including lung function, and adherence to prescribed medication, which may have provided further
insight into the relationship between asthma and psychological outcomes. While our analytical design
(i.e., multivariate, multilevel models) allows the inclusion of the full sample (both those who participated
in only one of phases and those who participated in both phases), the sample of those who took part in
both surveys was relatively small, which may limit longitudinal conclusions. However, results of the
sensitivity analyses showed that our findings were not different between those who completed one or
both surveys. Additionally, the demographic characteristics were not statistically different between those
who completed phase one, phase two, or both phase. Nevertheless, this study provides valuable insights
into the experiences of distress during the COVID-19 pandemic, and how adults with asthma and low
disease control may have been particularly susceptible to distress.

Conclusions

Our findings highlight the persistent vulnerability of individuals with asthma to elevated distress, across
multivariate components of general anxiety, depression, emotional exhaustion, and COVID-19 fear. This
greater vulnerability over those without asthma is quite stable and unaffected even by more drastic
changes in daily life as observed during the pandemic Emotional exhaustion appears to be a particularly
problematic aspect of distress, in that we found it to be stable across early and late pandemic, and that it
was particularly elevated in asthma, as well as consistently associated with low asthma control. Thus,
this study reemphasizes that effective asthma care should include promoting better psychological well-
being. It indicates a need for integrated approaches that address both the physical and mental health
needs of individuals with asthma, which also extends to public health emergencies.
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