
the risk of pneumococcal disease has been observed (10). The lack of
an observed association with asthmamight be explained by a
mediation effect by ICSs (10).

An advantage of our study is that we have been able to use
registry data to include use of oral steroids, other
immunomodulating drugs, and chronic diseases in our model.
We adjusted for education, income, and ethnicity as proxies for
socioeconomic status. Smoking data were not available. Caution
is warranted, however, in causal interpretations of these
estimates (11). Confounding by indication, as previously shown
for PPIs and H2-receptor antagonists (12), could also contribute
to the observed associations, as ICSs tend to be reserved for
more severe COPD, which could be associated with increased
IPD risk.

Conclusions. Use of ICSs is associated with increased odds of
invasive pneumococcal pneumonia, and furthermore, manifests a
dose–response relation (13, 14).�

Author disclosures are available with the text of this letter at
www.atsjournals.org.

Kjell Tor�en, M.D.*
University of Gothenburg
Gothenburg, Sweden

Paul D. Blanc, M.D.
University of California,
San Francisco, California

Nicola Murgia, M.D.
University of Perugia
Perugia, Italy

and

University of Gothenburg
Gothenburg, Sweden

Leo Stockfelt, M.D.
Linus Schi€oler, Ph.D.
University of Gothenburg
Gothenburg, Sweden

ORCID ID: 0000-0001-8509-7603 (K.T.).

*Corresponding author (e-mail: kjell.toren@amm.gu.se).

References

1 Tor�en K, Blanc PD, Qvarfordt I, Aspevall O, Schi€oler L. Inhaled
corticosteroids use and risk of invasive pneumococcal disease in a
population-based study. Ann Am Thorac Soc 2020;17:1570–1575.

2 International statistical classification of diseases and related health
problems, tenth revision (ICD-10). Geneva, Switzerland: World Health
Organization; 1992.

3 Ludvigsson JF, Andersson E, Ekbom A, Feychting M, Kim JL, Reuterwall
C, et al. External review and validation of the Swedish National
Inpatient Register. BMC Public Health 2011;11:450.

4 Swedish Prescribed Drug Resister. Stockholm, Sweden: Swedish
National Board of Health and Welfare; 2020 [accessed 2021 Dec 17].
Available from: https://www.socialstyrelsen.se/en/statistics-and-data/
registers/register-information/the-swedish-prescribed-drug-register/.

5 Longitudinal Integrated Database for Health Insurance and Labor Market
Studies (LISA). Solna, Sweden: Statistics Sweden; 2021 [accessed
2021 Dec 17]. Available from: https://www.scb.se/vara-tjanster/bestalla-
mikrodata/vilka-mikrodata-finns/longitudinella-register/longitudinell-
integrationsdatabas-for-sjukforsakrings-och-arbetsmarknadsstudier-lisa/.

6 Suissa S, Patenaude V, Lapi F, Ernst P. Inhaled corticosteroids in COPD
and the risk of serious pneumonia. Thorax 2013;68:1029–1036.

7 Almirall J, Serra-Prat M, Bol�ıbar I, Balasso V. Risk factors for community-
acquired pneumonia in adults: a systematic review of observational
studies. Respiration 2017;94:299–311.

8 de Jager CPC, Wever PC, Gemen EFA, van Oijen MG, van Gageldonk-
Lafeber AB, Siersema PD, et al. Proton pump inhibitor therapy
predisposes to community-acquired Streptococcus pneumoniae
pneumonia. Aliment Pharmacol Ther 2012;36:941–949.

9 Laheij RJ, Sturkenboom MC, Hassing RJ, Dieleman J, Stricker BH,
Jansen JB. Risk of community-acquired pneumonia and use of gastric
acid-suppressive drugs. JAMA 2004;292:1955–1960.

10 Talbot TR, Hartert TV, Mitchel E, Halasa NB, Arbogast PG, Poehling KA,
et al. Asthma as a risk factor for invasive pneumococcal disease.
N Engl J Med 2005;352:2082–2090.

11 Westreich D, Edwards JK, van Smeden M. Comment on Williamson et al
(OpenSAFELY): the table 2 fallacy in a study of COVID-19 mortality
risk factors. Epidemiology 2021;32:e1–e2.

12 Filion KB, Chateau D, Targownik LE, Gershon A, Durand M, Tamim H,
et al.; CNODES Investigators. Proton pump inhibitors and the risk of
hospitalisation for community-acquired pneumonia: replicated cohort
studies with meta-analysis. Gut 2014;63:552–558.

13 Vazquez Guillamet R. Before and beyond inhaled corticosteroids. Ann
Am Thorac Soc 2020;17:1526–1528.

14 Rennard SI, Sin DD, Tashkin DP, Calverley PM, Radner F. The
relationship among COPD severity, inhaled corticosteroid use, and the
risk of pneumonia. Ann Am Thorac Soc 2015;12:1587–1589.

Copyright © 2022 by the American Thoracic Society

Critical Care ClinicianWellness during the COVID-19
Pandemic: A Longitudinal Analysis

To the Editor:

Critical care clinicians experienced high rates of burnout and
depression early in the coronavirus disease (COVID-19) pandemic

(1–3). We sought to longitudinally evaluate burnout, depression, and
professional fulfillment—as measures of overall clinician wellness—
among critical care healthcare professionals at seven hospitals within
our hospital network. We hypothesized that well-being and
depression would initially worsen over time but would improve with
the arrival of the vaccine and that burnout rates would be higher
among nonphysicians with less professional time dedicated to
nonclinical activities such as education and research, which may
allow time for renewal.

Methods
We administered a questionnaire quarterly to attending physicians,
advanced practice providers (APPs) (including nurse practitioners
and physician assistants), respiratory therapists (RTs), and clinical
pharmacists who staffed intensive care units (ICUs) of seven hospitals
at PennMedicine. Nurses did not participate because of concurrent
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research studies and leadership concern about survey fatigue. As
detailed elsewhere, our integrated academic medical center leveraged
the health system Critical Care Alliance to create the COVID-19 Task
Force, which served to develop and disseminate standardized clinical
protocols, educate critical care clinicians, and monitor and optimize
outcomes (4, 5).

We invited participants by e-mail in July of 2020, October of
2020, and January of 2021 to complete the questionnaire
electronically via the Research Electronic Data Capture platform (the
questionnaire is available from corresponding author upon request)
(6). The questionnaire included the 7-itemWell-Being Index (WBI)
(7) and the 16-item Stanford Professional Fulfillment Index (SPFI)
(8). As in previous studies, we defined burnout as an SPFI average
burnout score of>1.33 or aWBI score of>4 and fulfillment as an
SPFI fulfillment score of>3 (2). We defined depression as a response
of “yes” to the singleWBI question about depression symptoms.

To test our hypotheses, we built three separate mixed-effect
logistic regression models with dependent variables of burnout,

depression, and professional fulfillment. Each model included a
random effect for participant to account for multiple responses by
individuals over time.We a priori selected female sex and years of
experience to include as potential confounders on the basis of
previous literature (9, 10). We used a P value of 0.05 as the threshold
for statistical significance and used Stata 16.1 (StataCorp) for all
statistical analyses. This study was approved by the University of
Pennsylvania Institutional Review Board.

Results
Of 550 clinicians invited, 296 (54%) responded to at least one survey,
including 73 attending physicians, 105 APPs, 18 pharmacists, and 100
RTs. Of the 296 participants, 171 (58%) were female, with a median
number of years in clinical practice of 7 (interquartile range, 3–15).
One hundred thirty-seven (46%) participants completed one survey,
88 (30%) completed two surveys, and 71 (24%) completed three
surveys. The proportion of clinicians who completed the survey over
time, by professional role, did not change significantly (P=0.61).

0

50

100

150

200

250

300

350

400

450

N
um

be
r 

of
 p

at
ie

nt
s

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%Fulfillment

Depression

Burnout

E
st

im
at

ed
 p

ro
po

rt
io

n 
of

 c
lin

ic
ia

ns

Mar Apr JulMay Jun Aug Sep Oct Nov Dec Jan Feb

Vaccine
Availability

Dec 11, 2020

2020 2021

COVID-19 inpatient census

Figure 1. Adjusted estimates of wellness measures during the pandemic. The dashed lines represent the predicted proportion of clinicians with
burnout (blue), depression (green), and fulfillment (orange), which were estimated from multivariable models to account for differences in sex
and years in practice. The gray bars indicate the inpatient census of confirmed COVID-19 cases across all University of Pennsylvania Health
System hospitals over time. COVID-19=coronavirus disease.

Table 1. Cumulative COVID-19 ICU census as of February 9, 2021, and burnout, by hospital

Cumulative COVID-19 ICU Census

Burnout (%)

Quarter 1 Quarter 2 Quarter 3

Hospital A 580 69 56 78
Hospital B 528 54 66 67
Hospital C 489 56 62 59
Hospital D 310 7 25 30
Hospital E 271 59 71 66
Hospital F 203 66 Unavailable 50
Hospital G Unavailable 57 83 50

Definition of abbreviations: COVID-19=coronavirus disease; ICU= intensive care unit.
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Among all participants, 198 (67%) reported burnout symptoms
in response to at least one quarterly survey, 136 (46%) reported
depression symptoms, and 126 (43%) experienced professional
fulfillment. By professional role, 41 (56%) physicians, 71 (68%) APPs,
12 (67%) pharmacists, and 74 (74%) RTs reported burnout
symptoms at least once. Twenty-two (30%) physicians, 45 (47%)
APPs, 10 (56%) pharmacists, and 57 (57%) RTs reported having
symptoms of depression. And 41 (56%) physicians, 42 (40%) APPs, 7
(39%) pharmacists, and 36 (36%) RTs experienced professional
fulfillment. As shown in Table 1, rates of burnout differed across
hospitals. In general, burnout increased over time across hospitals
and was the highest in hospitals with the greatest burden of critically
ill patients with COVID-19.

In multivariable analyses, burnout and depression significantly
increased and professional fulfillment significantly decreased in the
second and third quarterly surveys, compared with the first. Figure 1
illustrates predicted estimates of proportions of all clinicians
experiencing burnout, depression, and fulfillment over time,
accounting for differences in sex and years in practice. When using
attending physicians as the reference group, burnout and depression
were significantly worse and professional fulfillment were
significantly lower among RTs, but not among other groups (Table
2). Among the 71 clinicians who completed all surveys, burnout
increased from 56% to 60–71% over the three surveys, and depression
increased from 29% at the first survey to 40% in the latter two
surveys.

Discussion
In this longitudinal evaluation of critical care healthcare professional
wellness during the pandemic, we found that symptoms of burnout
and depression have increased and that fulfillment has decreased
during the course of the pandemic. Furthermore, wellness is
particularly low among RTs, who have the highest rates of burnout
and depression and the lowest rates of fulfillment. Contrary to our
hypothesis, there was no noticeable improvement after the start of
vaccination efforts.

There are several possible explanations for the findings that
wellness overall has worsened over time among all groups. All critical
care professionals have likely experienced an excessive workload and
may have clinical schedules that do not permit time for renewal.
There have been changes in practices during the pandemic, such as

increased death and suffering witnessed, challenges to shared
decision-making and family communication related to restrictive
visitation policies, and the loss of community at work. The
vaccination efforts were slow and uncertain at the start, and
COVID-19 activity remained high, so the impact of the vaccine may
not have yet altered clinicians’ perceptions of the outlook for the
pandemic or mitigated the existing burnout and fatigue from the
preceding months. Alternatively, the vaccination efforts may have
mitigated what would have been even worse burnout.

That burnout was worst among RTs bears noting. RTs may
perceive even higher personal risk, as they are directly responsible for
administering aerosol-generating treatments to patients with
COVID-19 with respiratory compromise. Furthermore, in many
places, including our institution, RTs faced staffing challenges during
the pandemic that resulted in an increased workload, exposing them
to greater risk and a greater volume of patients, many of whom did
not survive. Future studies should target RTs to better understand
and intervene regarding these findings to maintain this essential
component of the critical care workforce.

Our study has a few important limitations. It was conducted
within a single health system, which may limit generalizability;
however, we included seven hospitals that are organizationally
distinct and serve different patient populations. Second, we could not
survey nurses, vital members of the interdisciplinary critical care
team. Third, our well-being measures, although validated and
recommended (11), rely on self-report. Finally, our response rate,
althoughmodest and lower than that of Azoulay and colleagues (1),
was higher than the 45% response rate of our prepandemic survey (2)
and was substantially higher than the 20% response rate reported in a
recent survey conducted during the pandemic (12).

In summary, this study confirms earlier reports that revealed the
impact of the pandemic on critical care healthcare professional well-
being (1–3, 12) and reveals that wellness among this group has
declined further during the pandemic, with RTs faring the worst
among all groups studied. Although future studies are needed to
examine the impact of the pandemic on the critical care workforce
and their long-termmental health, these data serve as an urgent call
to action for healthcare organizations to tend to the well-being of the
critical care workforce.�

Author disclosures are available with the text of this letter at
www.atsjournals.org.

Table 2. Multivariable analyses of wellness measures

Variable

Burnout Depression Fulfillment

OR (95% CI) P Value OR (95% CI) P Value OR (95% CI) P Value

Professional role
Attending physician Reference Reference Reference Reference Reference Reference
APP 0.64 (0.21–1.97) 0.43 1.06 (0.29–3.85) 0.93 0.92 (0.31–2.70) 0.88
Clinical pharmacist 0.79 (0.14–4.52) 0.79 2.05 (0.28–14.8) 0.48 0.53 (0.09–3.07) 0.48
Respiratory therapist 3.70 (1.21–11.3) 0.02 8.13 (2.17–30.5) 0.002 0.28 (0.10–0.82) 0.02

Survey quarter
Quarter 1 Reference Reference Reference Reference Reference Reference
Quarter 2 2.04 (1.05–3.98) 0.04 2.45 (1.18–5.09) 0.02 0.45 (0.23–0.88) 0.02
Quarter 3 3.50 (1.75–7.02) ,0.001 2.87 (1.40–5.87) 0.004 0.30 (0.15–0.59) 0.001

Definition of abbreviations: APP=advanced practice provider; CI =confidence interval; OR=odds ratio.
Analyses included 509 responses that had complete data for potential confounders.
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Video Telehealth Pulmonary Rehabilitation for Chronic
Obstructive Pulmonary Disease Is Associated with
Clinical Improvement Similar to Center-based
Pulmonary Rehabilitation

To the Editor:

Pulmonary rehabilitation (PR) for adults with chronic obstructive
pulmonary disease (COPD) results in substantial improvement in

dyspnea and functional exercise tolerance, and it is also associated
with reduction in exacerbations and improved survival rates (1).
Despite these proven benefits, only a minority of patients with COPD
are able to access PR. In 2012, only 3.7% of Medicare beneficiaries
used PR (2). Even after hospitalization for an exacerbation, only 1.9%
received PR within 6 months of discharge (3). PR is traditionally
delivered at centers equipped with exercise tools. A major barrier to
access is the limited number of PR centers within a reasonable
distance from patients’ homes (4–6). Indeed, even a distance of 10
miles lowers the odds of participating in PR by approximately half
(3). The limited access to center-based PR—especially in light of the
increase in PR-center closures because of poor reimbursement and
the ongoing coronavirus disease (COVID-19) pandemic—provides
an impetus to find alternative avenues for administration of PR.

The benchmark for PR is a supervised, center-based program
wherein higher-intensity exercise can be achieved compared with
non–center-based interventions with minimal equipment. Only a few
studies have evaluated alternative avenues for delivery of PR. Although
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