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Abstract
Background: Emerging evidence suggests that worldwide, between 30% and 50% of those who are infected with COVID-19
experience long COVID (LC) symptoms. These symptoms create challenges with return-to-work (RTW) in a high proportion of
individuals with LC. To tailor rehabilitation programs to LC sequelae and help improve RTW outcomes, more research on LC
rehabilitation program outcomes is needed.
Objective: This study describes the characteristics and outcomes of workers who participated in an LC occupational rehabilitation
program.
Methods: A cohort study was conducted. Descriptive variables included demographic and occupational factors as well as
patient-reported outcome measures (PROMs, ie, the Fatigue Severity Scale [FSS], the Post-COVID Functional Scale [PCFS],
the 36-item Short Form Health Survey [SF-36], the Pain Disability Index [PDI], the pain Visual Analogue Scale [VAS], the
9-item Patient Health Questionnaire [PHQ-9], the 7-item Generalized Anxiety Disorder Questionnaire [GAD-7], and the Diagnostic
and Statistical Manual for Mental Disorders Fifth Edition [DSM-5] posttraumatic stress disorder [PTSD] checklist [PCL-5]). The
main outcome variable was the RTW status at discharge. Descriptive statistics were calculated. Logistic regression examined
predictors of RTW.
Results: The sample consisted of 81 workers. Most workers were female (n=52, 64%) and from health-related occupations
(n=43, 53%). Only 43 (53%) individuals returned to work at program discharge, with 40 (93%) of these returning to modified
duties. Although there were statistically significant improvements on the pain VAS (mean 11.1, SD 25.6, t31=2.5, P=.02), the
PDI (mean 9.4, SD 12.5, t32=4.3, P<.001), the FSS (mean 3.9, SD 8.7, t38=2.8, P=.01), the SF-36 PCS (mean 4.8, SD 8.7, t38=–3.5,
P=.001), the PHQ-9 (mean 3.7, SD 4.0, t31=5.2, P<.001), and the GAD-7 (mean 1.8, SD 4.4, t22=1.8, P=.03), there were no
significant improvements in the PCFS, the overall mental component score (MCS) of the SF-36, or on the PCL-5. The availability
of modified duties (odds ratio [OR] 3.38, 95% CI 1.26-9.10) and shorter time between infection and admission for rehabilitation
(OR 0.99, 95% CI 0.99-1.00) predicted RTW even when controlling for age and gender.
Conclusions: Workers undergoing LC rehabilitation reported significant but modest improvements on a variety of PROMs, but
only 43 (53%) returned to work. Outcomes would likely improve with increased availability of modified duties and timelier
rehabilitation. Additional research is needed, including larger observational cohorts as well as randomized controlled trials to
evaluate the effectiveness of LC rehabilitation.
(JMIR Rehabil Assist Technol 2022;9(3):e39883) doi: 10.2196/39883
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Introduction
Background
Emerging evidence indicates that worldwide, between 30% and
50% of those who contract COVID-19 experience long COVID
(LC) symptoms (dependent on ethnicity, gender, and
hospitalization status) [1]. LC is defined by the World Health
Organization as postacute COVID-19 sequelae lasting at least
3 months postinfection that are not explained by any other
diagnosis [2]. An international study (N=3762) analyzing the
symptom makeup and severity, expected clinical course, impact
on daily functioning, and return to baseline health of individuals
experiencing LC found that the time to full recovery exceeded
35 weeks for most respondents (>91%) [3]. For some, the time
to full recovery is much longer.
Individuals recovering from COVID-19 will increase demands
for rehabilitation due to the prevalence and diversity of
recognized LC sequelae [4-11]. Common LC symptoms, such
as profound fatigue, breathlessness, cognitive impairment (brain
fog), and muscle and joint pain, among other mental and
physical health symptoms, create challenges with return-to-work
(RTW) [11-13]. A systematic review (N=81 studies) found that
between 29% and 47% of those employed prior to contracting
COVID-19 were unable to RTW [14]. RTW with LC was found
to be most limited when symptoms included fatigue and
cognitive impairment [14-17]. On an individual level, challenges
with RTW cause feelings of lack of control and increased levels
of uncertainty about employment and finances [15]. Since the
risk of LC is greater in females, they will likely be
disproportionately affected by the illness’s subsequent impacts
on loss of employment and income [12,18]. This creates a
compounding societal issue as females were already more
vulnerable than males in terms of income and employment prior
to the pandemic [19]. Further, individuals who intersect multiple
vulnerable groups at higher risk for COVID-19 exposure (eg,
ethnic monitories, new immigrants, those working in health
care settings) often have less access to jobs with modifications
or accommodations to promote RTW [20]. Maintaining linkages
with the workplace and returning to work as soon as safely
possible helps avoid the long-term health and socioeconomic
consequences that accompany prolonged unemployment [21].
To optimally tailor rehabilitation programs to LC sequelae and
help improve outcomes of RTW programs, more research on
LC rehabilitation is needed. This is especially true of
rehabilitation programs that specifically aim to promote RTW.
It is also important to explore whether certain individuals with
LC fare better in rehabilitation than others, as this may identify
potentially modifiable lifestyle or broader contextual factors
that may facilitate the tailoring of rehabilitation services, thus
increasing relevance and potentially improving RTW outcomes
in this population.
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Objectives
This study aims to describe the characteristics and outcomes of
workers participating in occupational rehabilitation through
Workers’ Compensation Board of Alberta’s (WCB-Alberta)
Millard Health post-COVID rehabilitation program. We met
this aim by (1) describing the characteristics of workers who
accessed the program, (2) describing and comparing program
admission and discharge data to determine whether there were
significant changes in rehabilitation outcomes over the course
of the program, and (3) comparing baseline and RTW status at
discharge to determine what factors identified through admission
data, if any, best predicted RTW status.
The specific research questions (RQs) were as follows:
•

•
•

RQ1: What are the descriptive characteristics of workers
participating in WCB-Alberta’s Millard Health post-COVID
rehabilitation program?
RQ2: Are there significant improvements in outcomes
between admission and discharge from the program?
RQ3: Are worker descriptive characteristics or health status,
identifiable upon admission, predictive of RTW status at
discharge from the program?

Methods
Design
A descriptive cohort study was conducted using data collected
by WCB-Alberta for regular program evaluation purposes.

Ethical Considerations
This research was approved by the University of Alberta’s
Health Research Ethics Board (#Pro00113982).

Population
This study included data from workers participating in
WCB-Alberta’s Millard Health post-COVID rehabilitation
program. This program was created to help workers with
compensation claims due to workplace COVID-19 exposure
who developed LC return to regular work duties [22]. The
multidisciplinary program consists of occupational, physical,
and exercise therapy along with psychology, nursing, and
medical interventions, as needed. The program provides
psychoeducational approaches for management of LC
symptoms, guidance on pacing and energy conservation, and
breathing strategies. Some activity or exercise interventions are
also prescribed, as tolerated by the workers and in a manner
that avoids the postexertional malaise that is common to the LC
population. The programs are provided in person, through
telerehabilitation (telephone or videoconference), or a
combination of the 2, depending on each worker’s individual
context. A primary goal of the program is RTW; thus, advice
about work activity, exploration of modified duties, and
negotiation with employers about appropriate duties are also
performed.
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The data set included information about all workers who
contracted COVID-19 between March 2020 and mid-May 2021.
To be included in this study, workers had to be at least 18 years
of age and discharged from the aforementioned rehabilitation
program. Workers who had not yet been discharged from the
program were excluded as their outcomes resulting from
program participation were not yet known. All workers had
been discharged from the program prior to early January 2022.

Data Collection Procedures
Anonymized data were extracted from provincial databases
managed by WCB-Alberta Health Care Strategy. WCB-Alberta
reports are electronic, and data from health care providers are
automatically entered into databases. Reports are filed by health
care providers at admission to, and discharge from, any
WCB-Alberta program. Providers of the post-COVID
rehabilitation program report on a variety of demographic,
clinical, and occupational variables. Our team has previously
conducted several studies using data from WCB-Alberta
programs [23-26], and we worked with the same experienced
team in Health Care Strategy to retrieve data for this study.

Sampling
All data points were included in descriptive statistical
calculations. This allowed us to obtain a clear picture of the
demographics and general outcomes of the post-COVID
rehabilitation program. No sample sizes were calculated, as all
workers completing the post-COVID rehabilitation program
were included (ie, population based).
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Measures
Independent Variables
The data set included a variety of descriptive variables, including
demographic factors (eg, age, gender), occupational factors (eg,
National Occupational Classification code, employment and
working status, job attached status, modified work available,
work abilities), treatment factors (eg, number and type of
services received prior to beginning the post-COVID
rehabilitation program, days between date of COVID-19
symptom onset and admission for rehabilitation, program
length), and mode of treatment delivery (ie, virtual, in person,
or combination). Gender was treated as a categorical variable
with 3 options: male, female, and undisclosed.
Independent variables also included patient-reported outcome
measures (PROMs) administered at the time of admission to
the program. The PROMs included in this study were the Fatigue
Severity Scale (FSS) [27], the Post-COVID Functional Scale
(PCFS) [28], the 36-item Short Form Health Survey (SF-36)
[29], the Pain Disability Index (PDI) [30], the pain Visual
Analogue Scale (VAS) [31], the 9-item Patient Health
Questionnaire (PHQ-9) [32], the 7-item Generalized Anxiety
Disorder Questionnaire (GAD-7) [33], and the Diagnostic and
Statistical Manual for Mental Disorders Fifth Edition (DSM-5)
posttraumatic stress disorder (PTSD) checklist (PCL-5) [34].
Table 1 contains detailed information about each measure. Since
the PROMs rely on self-reporting and completion is voluntary,
there is typically a high level of missing data on these measures.
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Table 1. Details about scoring of PROMsa completed by workers in WCB-Alberta’sb Millard Health post-COVID rehabilitation program.
Survey

Measure details

FSSc

The FSS contains 9 numerical rating scales, with scores on each scale ranging from 1 (indicating strongly disagree) to 7 (indicating
strongly agree) [27]. The 9 scales address the perceived level of disability caused by fatigue as well as how fatigue interferes with
physical functioning and activities of daily living [27]. Raw scores are summed into a total score out of 63, with higher scores
indicating greater impairment due to fatigue [27].

PCFSd

The PCFS is a 1-item question asking “how much the patient is affected in their everyday life by COVID-19” [28]. Scores range
from 0 (indicating no functional limitations) to 4 (indicating severe functional limitations) [28].

SF-36e

The SF-36 is a 36-item survey that includes domains related to the health-related quality of life specifically in terms of physical
functioning, role limitations due to physical health, role limitations due to emotional problems, vitality (ie, energy/fatigue), emotional well-being, social functioning, pain, and general health [29]. Domains are scored, standardized [35,36], and combined into
an overall PCSf and an MCSg [29].

a

PDIh

The PDI is a 7-item measure assessing the degree to which pain interferes with family and home responsibilities, recreation, social
activity, occupation, sexual behavior, self-care, and activities of daily living [30]. Each item is measured on a scale from 0 (indicating no disability) to 10 (indicating the worst disability) [30]. Raw scores are summed into a total score out of 70, with higher
scores indicating greater disability due to pain [30].

Pain VASi

The pain VAS measures a patient’s perceived pain intensity on a scale of 0-100, with 100 indicating the highest level of pain [31].

PHQ-9j

The PHQ-9 is a 9-item measure assessing levels of depression [32]. Each item is scored from 0 (indicating not at all) to 4 (indicating
nearly every day) [26]. Raw scores are summed into a total score out of 27, with higher scores indicating a higher severity of depression [32].

GAD-7k

The GAD-7 is a 7-item measure assessing levels of anxiety [33]. Each item is scored from 0 (indicating not at all) to 3 (indicating
nearly every day) [33]. Raw scores are summed into a total score out of 21, with higher scores indicating a higher severity of
anxiety [33].

PCL-5l

The PCL-5 is a 20-item measure assessing the DSM-5’sm 20 symptoms of PTSDn [34]. Each item is scored from 0 (indicating
not at all) to 4 (indicating extremely). Total scores range from 0 to 80, with higher scores indicating a higher likelihood of PTSD
[34].

PROM: patient-reported outcome measure.

b

WCB-Alberta: Workers’ Compensation Board of Alberta.

c

FSS: Fatigue Severity Scale.

d

PCFS: Post-COVID Functional Scale.

e

SF-36: 36-item Short Form Health Survey.

f

PCS: physical component score.

g

MCS: mental component score.

h

PDI: Pain Disability Index.

i

VAS: Visual Analogue Scale.

j

PHQ-9: 9-item Patient Health Questionnaire.

k

GAD-7: 7-item Generalized Anxiety Disorder Questionnaire.

l

PCL-5: Diagnostic and Statistical Manual for Mental Disorders Fifth Edition posttraumatic stress disorder checklist.

m

DSM-5: Diagnostic and Statistical Manual for Mental Disorders Fifth Edition.

n

PTSD: posttraumatic stress disorder.

Dependent Variable
The outcome variable for this study was RTW status at program
discharge. RTW status was chosen as the outcome variable of
interest because previous research has shown that RTW status
is impacted by LC and RTW is a primary goal of the
rehabilitation program [14-17]. RTW status was coded as a
binary variable, with 1 indicating RTW and 0 indicating “other”
(“other” indicated the worker was fit for work [FFW] but had
not returned to work or that they were unable to work). We
chose to collapse FFW with unable to work due to a low sample
size (only 18 cases of FFW) and because those deemed FFW
at discharge often have ongoing issues that prevent them from
returning to their usual employment. Comparisons were made
between the RTW, FFW, and unable-to-work groups on each
https://rehab.jmir.org/2022/3/e39883
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of the descriptive variables and PROMs. The FFW group was
more similar to the unable-to-work group than the RTW group
on several of the descriptive variables (ie, occupation, gender,
program length, and availability of modified duties). Clinically,
the FFW group was also similar to the unable-to-work group
on the PDI, FSS, PHQ-9, GAD-7, and PCL-5, further justifying
the collapsing of these 2 groups.

Data Analysis
Data were analyzed using SPSS Statistics version 28 (IBM
Corp). To address RQ1, we calculated the mean and SDs of any
interval data (eg, worker age) and the frequency of any
categorical data (eg, gender or occupation).
To address RQ2, we calculated descriptive statistics for the
various PROMs. We calculated the mean and SDs of interval
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data and the frequency of categorical data. We performed
paired-samples t tests for each variable collected upon admission
to and discharge from the program to determine whether there
were any significant improvements in outcomes. Wilcoxon
signed-rank tests were performed if the dependent variable was
not continuous (ie, the PCFS does not have a total score and
therefore is an ordinal variable).
To address RQ3, logistic regression analyses were used to
determine which variables (ie, worker demographics, data
collected at admission), if any, were predictive of RTW status
at discharge. Imputation techniques were used to address the
high levels of missing data on the PROMs. We completed
univariable logistic regression analyses to examine each
potential prognostic factor. Due to the limited sample size, we
were unable to build multivariable predictive models. However,
we examined the potential confounding effects of age and gender
on the significantly predictive variables. Relevant assumptions
were tested.
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Results
Demographics
The data set included 81 workers who had been discharged from
WCB-Alberta Millard Health post-COVID program
(demographics shown in Table 2). The majority were female
(n=52, 64%), had their program delivered virtually (n=79, 98%),
and worked in health occupations (n=43, 53%). The mean (SD)
age was 48.9 (10.5) years, and the mean (SD) length of time
between symptom onset and program admission was 165.2
(73.0) days. Prior to starting the post-COVID program, the
workers most frequently visited their doctor (n=64, 79%) or
received physiotherapy (n=38, 47%). Although the majority
were still employed at program admission (n=77, 95%), only
42 (52%) had modified duties available. A small majority (n=43,
53%) returned to work at the time of program discharge. Of
those who returned to work, 40 (93%) returned to modified
duties.
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Table 2. Demographics of workers (N=81) undergoing WCB-Alberta’sa Millard Health post-COVID rehabilitation program.
Variable

Value

Age (years), mean (SD)

48.9 (10.5)

Gender, n (%)
Male

20 (25)

Female

52 (64)

Undisclosed

9 (11)

Duration (average days between symptom onset and admission), mean (SD)

165.2 (73.0)

Program length (work days), mean (SD)

49.9 (12.5)

Program delivery, n (%)
Virtual

79 (98)

In person

0 (0)

Combination

2 (2)

Occupation category, n (%)
Business, finance, and management

5 (6)

Health

43 (53)

Education, law, social, and community government services

10 (12)

Trades

15 (19)

Other

8 (10)

Interpreter required, n (%)
Yes

1 (1)

No

80 (99)

Services received prior to admission, n (%)
Physician

63 (79)

Physiotherapy

38 (47)

RTWb specialist

27 (33)

Psychology

26 (32)

Occupational therapy

19 (24)

Hospital admission

14 (17)

Diagnostic testing

19 (24)

Acupuncture

1 (1)

Chiropractor

1 (1)

Injections

1 (1)

No services prior to admission

8 (10)

Employed at admission, n (%)
Yes

77 (95)

No

4 (5)

Modified duties available at admission, n (%)
Yes

42 (52)

No

39 (48)

Work abilities (National Occupational Classification strength level) at admission, n (%)
Limited (lifting required up to 5 kg)

56 (69)

Light (lifting required up to 10 kg)

8 (10)
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Variable

Value

Medium (lifting required up to 20 kg)

3 (4)

Heavy (lifting required over 20 kg)

4 (5)

N/Ac

10 (12)

Working at admission, n (%)
Yes

10 (12)

No

71 (88)

Employed at discharge, n (%)
Yes

76 (94)

No

5 (6)

Modified duties available at discharge, n (%)
Yes

50 (62)

No

31 (38)

Discharge outcome, n (%)
RTW

43 (53)

Other

38 (47)

RTW outcome at program discharge (N=43)
Return to regular work duties

3 (7)

Return to modified duties

40 (93)

Work abilities (National Occupational Classification strength level) at discharge

a

Limited (lifting required up to 5 kg)

41 (51)

Light (lifting required up to 10 kg)

15 (18)

Medium (lifting required up to 20 kg)

8 (10)

Heavy (lifting required over 20 kg)

14 (17)

N/A

3 (4)

WCB-Alberta: Workers’ Compensation Board of Alberta.

b

RTW: return-to-work.

c

N/A: not applicable.

Patient-Reported Outcome Measures
There were substantial missing data on the PROMs, with 58
(72%) workers not completing at least 1 of the measures at
admission or discharge. Only raw SF-36 data were available at
discharge, thus preventing calculation of domain scores at
admission. However, overall PCSs and MCSs for the SF-36
were logged at admission and discharge.
Table 3 outlines mean (SD) admission and discharge scores on
each PROM for those with complete data. Mean (SD) scores
on the FSS were quite high at admission (mean 51.3, SD 11.4),
indicating moderate-to-severe levels of fatigue in the sample.
Pain seemed to cause moderate disruptions in the sample, with
a mean (SD) PDI score of 33.3 (15.6) out of 70. Individuals
moved from moderate depression (mean 14.1, SD 5.9) to mild
depression (mean 10.1, SD 5.3) between admission and
discharge, respectively.
Paired-samples t tests were run on those with complete matched
PROM data (ie, complete data at admission and discharge). Due
to the substantial amount of missing PROM data, we included
https://rehab.jmir.org/2022/3/e39883
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all workers with complete data (the maximum number of
matched pairs on any PROM in our sample was 39). Significant
changes were noted on several measures (Table 4). There were
statistically significant improvements on the pain VAS (mean
11.1, SD 25.6, t31=2.5, P=.02), the PDI (mean 9.4, SD 12.5,
t32=4.3, P<.001), the FSS (mean 3.9, SD 8.7, t38=2.8, P=.01),
the SF-36 PCS (mean 4.8, SD 8.7, t38=–3.5, P=.001), the PHQ-9
(mean 3.7, SD 4.0, t31=5.2, P<.001), and the GAD-7 (mean 1.8,
SD 4.4, t22=1.8, P=.03). There were no significant improvements
to the overall MCS measured through the SF-36 or the PCL-5
scores.
The PCFS does not have a total score, so a paired-sample t test
could not be carried out. Instead, a Wilcoxon signed-rank test
was performed (Table 5). Again, due to the substantial amount
of missing PROM data, we included only workers with complete
matched data (n=38, 47%). There was not a significant
difference in PCFS scores between admission and discharge.
We conducted a missing data analysis to determine whether
workers with missing data were more or less likely to RTW at
JMIR Rehabil Assist Technol 2022 | vol. 9 | iss. 3 | e39883 | p. 7
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discharge. Incomplete data at admission or discharge or both
on GAD-7 were significantly associated with RTW (odds ratio
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[OR] 0.34, 95% CI 0.13-0.87), suggesting that those with
incomplete data had a lower likelihood of returning to work.
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Table 3. Mean scores on PROMsa at the time of admission and discharge from WCB-Alberta’sb Millard Health post-COVID rehabilitation program.
PROMs

Admission

Discharge

Score, mean (SD)

2.2 (0.8)

2.1 (1.1)

Missing, n (%)

43 (53)

55 (68)

Score, mean (SD)

48.2 (23.0)

42.0 (25.6)

Missing, n (%)

25 (31)

39 (48)

Score, mean (SD)

33.3 (15.6)

26.8 (16.2)

Missing, n (%)

19 (23)

42 (52)

Score, mean (SD)

51.3 (11.4)

48.3 (12.0)

Missing, n (%)

13 (16)

36 (44)

Physical functioning

N/Ah

32.9 (11.7)

Role physical

N/A

35.3 (7.3)

Role emotional

N/A

42.9 (6.3)

Bodily pain

N/A

29.7 (5.7)

Vitality

N/A

33.5 (10.8)

Social functioning

N/A

29.9 (12.5)

Mental health

N/A

38.4 (13.3)

General health perceptions

N/A

32.2 (15.9)

Overall PCSi

28.9 (8.5)

33.4 (9.4)

Overall MCSj

35.2 (11.0)

37.9 (9.0)

Score, mean (SD)

14.1 (5.9)

10.1 (5.3)

Missing, n (%)

39 (48)

43 (53)

Score, mean (SD)

10.6 (5.0)

8.2 (5.2)

Missing, n (%)

39 (48)

43 (53)

Score, mean (SD)

32.4 (15.8)

28.0 (13.2)

Missing, n (%)

50 (62)

48 (59)

PCFSc (out of 4)

Pain VASd (out of 100)

e

PDI (out of 70)

FSSf (out of 63)

SF-36g version 2 (all out of 100), mean (SD)

PHQ-9k

GAD-7

l

PCL-5m

a

PROM: patient-reported outcome measure.

b

WCB-Alberta: Workers’ Compensation Board of Alberta.

c

PCFS: Post-COVID Functional Scale.

d

VAS: Visual Analogue Scale.

e

PDI: Pain Disability Index.

f

FSS: Fatigue Severity Scale.

g

SF-36: 36-item Short Form Health Survey.

h

N/A: not applicable.

i

PCS: physical component score.
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j

MCS: mental component score.

k

PHQ-9: 9-item Patient Health Questionnaire.

l

GAD-7: 7-item Generalized Anxiety Disorder Questionnaire.

m

PCL-5: Diagnostic and Statistical Manual for Mental Disorders Fifth Edition posttraumatic stress disorder checklist.

Table 4. Mean differences in PROMa scores between admission and discharge from WCB-Alberta'sb Millard Health post-COVID rehabilitation program
(paired-sample t tests).

a

Variable

Differences, mean (SD)

t (df)

Two-sided P value

Pain VASc (n=32)

11.1 (25.6)

2.5 (31)

.02

PDId (n=33)

9.4 (12.5)

4.3 (32)

<.001

FSSe (n=39)

3.9 (8.7)

2.8 (38)

.01

Overall PCSf (n=39)

–4.8 (8.7)

–3.5 (38)

.001

Overall MCSg (n=38)

–0.7 (13.3)

–0.3 (37)

.73

PHQ-9h (n=32)

3.7 (4.0)

5.2 (31)

<.001

GAD-7i (n=32)

1.8 (4.4)

2.3 (31)

.03

PCL-5j (n=23)

5.6 (3.1)

1.8 (22)

.09

PROM: patient-reported outcome measure.

b

WCB-Alberta: Workers’ Compensation Board of Alberta.

c

VAS: Visual Analogue Scale.

d

PDI: Pain Disability Index.

e

FSS: Fatigue Severity Scale.

f

PCS: physical component score.

g

MCS: mental component score.

h

PHQ-9: 9-item Patient Health Questionnaire.

i

GAD-7: 7-item Generalized Anxiety Disorder Questionnaire.

j

PCL-5: Diagnostic and Statistical Manual for Mental Disorders Fifth Edition posttraumatic stress disorder checklist.

Table 5. Mean differences in PCFSa scores between admission and discharge from WCB-Alberta'sb Millard Health post-COVID rehabilitation program
(Wilcoxon signed-rank test).
Variable

Admission

Discharge

Median

Z value

Two-sided P value

Difference

Mean 2.2 (SD 0.8)

Mean 2.1 (SD 1.1)

Admission: 2.0

–0.6

.53

N/A

N/A

Discharge: 2.0
Missing, n (%)
a

43 (53)

55 (68)

N/Ac

PCFS: Post-COVID Functional Scale.

b

WCB-Alberta: Workers’ Compensation Board of Alberta.

c

N/A: not applicable.

Predicting Return-to-Work After Rehabilitation
Univariate associations between all potential predictors and the
outcome of RTW are shown in Table 6. Three factors were
significantly associated with RTW: modified duties available
at admission (OR 3.20, 95% CI 1.29-7.95), days between
symptom onset and program admission (OR 0.93, 95% CI
0.87-0.998), and the PHQ-9 score at admission (OR 0.87, 95%
CI 0.76-0.999). Modified duties available at admission remained
a significant predictor of RTW (OR 3.38, 95% CI 1.26-9.10)
when controlling for age and gender. Days between symptom
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onset and program admission also remained a significant
predictor of RTW (OR 0.94, 95% CI 0.88-0.999). The PHQ-9
score at admission did not remain significant when controlling
for age and gender, suggesting that these demographic variables
have a confounding effect. There were no statistically significant
or clinically important associations found between any
preadmission health care use variable and future RTW status.
Imputation with mean (SD), minimum, and maximum values
for those with missing data on the PROMs did not result in
meaningful changes to the logistic regression analyses.
Therefore, we did not present imputed analyses.
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Table 6. Logistic regression predicting RTWa at time of discharge from WCB-Alberta’sb Millard Health post-COVID rehabilitation program.
Variable

ORc (95% CI)

Gender
Male

1.00 (N/Ad)

Female

1.03 (0.37-2.11)

Undisclosed

0.41 (0.08-2.91)

Age (years)

0.99 (0.95-1.04)

Job attached at admission
No

1.00 (N/A)

Yes

3.60 (0.36-36.17)

Modified duties available at admission
No

1.00 (N/A)

Yes

3.20 (1.29-7.95)e

Days between symptom onset and admission to program

0.93 (0.87-0.998)f

Work abilities at admission
Heavy

1.00 (N/A)

Medium

0.17 (0.006-4.52)

Light

0.33 (0.02-4.74)

Limited

0.40 (0.04-4.05)

N/A

0.27 (0.02-3.65)

Industry
Other

1.00 (N/A)

Business, finance, and management occupations

6.67 (0.49-91.33)

Health occupation

2.32 (0.49-10.95)

Education, law, social, and community government services

2.50 (0.37-16.89)

Trades

0.83 (0.14-4.99)

PROMsg

a

PCFSh (n=38), 0-1

1.00 (N/A)

PCFS (n=38), 2-3

2.57 (0.41-16.12)

Pain VASi at admission (n=56)

1.00 (0.98-1.02)

PDIj at admission (n=62)

0.97 (0.94-1.00)

FSSk at admission (n=68)

0.96 (0.92-1.01)

Overall PCSl at admission (n=39)

1.01 (0.96-1.07)

Overall MCSm at admission (n=38)

1.01 (0.97-1.06)

PHQ-9n at admission (n=42)

0.87 (0.76-1.00)e

GAD-7o at admission (n=42)

0.88 (0.77-1.02)

PCL-5p at admission (n=31)

0.97 (0.94-1.03)

RTW: return-to-work.

b

WCB-Alberta: Workers’ Compensation Board of Alberta.

c

OR: odds ratio.

d

N/A: not applicable.

e

Indicates significance at P<.01.
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f

Indicates significance at P<.05.

g

PROM: patient-reported outcome measure.

h

PCFS: Post-COVID Functional Scale.

i

VAS: Visual Analogue Scale.

j

PDI: Pain Disability Index.

k

FSS: Fatigue Severity Scale.

l

PCS: physical component score.

m

MCS: mental component score.

n

PHQ-9: 9-item Patient Health Questionnaire.

o

GAD-7: 7-item Generalized Anxiety Disorder Questionnaire.

p

PCL-5: Diagnostic and Statistical Manual for Mental Disorders Fifth Edition posttraumatic stress disorder checklist.

Discussion
Principal Findings
In this cohort study of workers with LC participating in
WCB-Alberta’s Millard Health post-COVID rehabilitation
program, many worker outcomes significantly but modestly
improved between admission and discharge. However, several
key functional measures did not improve (ie, the PCFS; the
overall MCS, measured through the SF-36; and PTSD, measured
through the PCL-5). Only a small majority of the sample
returned to work (53%), and of these, 93% required modified
duties. Those who identified at admission that modified duties
were available in their workplace were 3.38 times as likely than
those without available modified duties to RTW at program
discharge, after controlling for age and gender. Workers with
a longer time between symptom onset and program admission
also had a lower likelihood of successful RTW.
Our study found that the presence of modified duties in the
workplace at admission to LC rehabilitation results in better
RTW outcomes. Although we could not find other studies
quantifying the relationship between modified duties and RTW
with LC, the emerging literature suggests that individuals with
LC would likely have greater chances of RTW if they have
access to flexible, gradual RTW plans with modified duties.
For example, Wong et al [37] completed 2 focus groups (n=8)
with rehabilitation counsellors and physicians providing services
to individuals with LC and determined that modified work and
gradual RTW plans are the most frequently used
accommodations to assist individuals with LC with RTW. In a
cross-sectional, mixed methods study (N=145) aimed at
understanding experiences of workers with LC, Lunt et al [38]
found that individuals with LC wanted workplace
accommodations that included modified or reduced hours and
workload as well as gradual and flexible RTW planning. Support
for similar workplace accommodations was echoed in the United
Kingdom’s Health and Safety Executive’s report on RTW after
LC [39].
The importance of modified duties in LC rehabilitation is
consistent with the broader field of occupational rehabilitation
and work disability prevention, where modified work duties
and RTW coordination are core components of rehabilitation
and used to promote RTW [40]. Early intervention is another
core principle of occupational rehabilitation [41] and consistent
with our finding that more time between initial symptom onset
and program admission leads to worse RTW outcomes.
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However, to meet the clinical case definition of LC (symptoms
lasting for at least 3 months after acute infection) [2], individuals
with LC are often required to wait at least 3 months to access
rehabilitation programs. This waiting period may in turn lead
to worse RTW outcomes and therefore warrants further research
to determine whether earlier educational or other rehabilitation
interventions could improve RTW outcomes in people with
lingering symptoms after COVID-19 infection who are not yet
diagnosed with LC.
To the best of our knowledge, this is the first study examining
the predictors of RTW among workers with LC, likely because
of the novelty of the condition. However, previous research has
examined RTW in individuals with chronic fatigue syndrome,
which has been found to have an overlapping clinical
presentation with LC [42]. In a longitudinal study (N=508)
exploring sociodemographic, work, and clinical characteristics
associated with occupational status among individuals with
chronic fatigue syndrome, those who returned to work
functioned better (as measured by the SF-36) and were younger
[43]. Individuals who reported more fatigue (measured by the
Chalder Fatigue Questionnaire) or met the criteria for anxiety
and depression (measured by the Hospital Anxiety and
Depression Scale) were more likely to have stopped working
between baseline and follow-up [43]. These findings suggest
that levels of fatigue, age, function, anxiety, and depression
may be important variables to consider in future studies
analyzing prognostic factors of RTW among individuals living
with LC.

Limitations
The primary limitations of this study are the large amount of
missing data on the PROMs and the relatively small sample
size. Completion of the PROMs was voluntary for patients in
the program, which explains the sizeable amount of missing
data. Missing data and a modest sample size limited our ability
to build multivariate models and limited conclusions that could
be drawn from our results. Having incomplete data on the
GAD-7 was significantly associated with worse RTW, which
suggests that those with missing data had a lower likelihood of
returning to work. There are also likely unmeasured factors that
influence both completion of the PROMs and RTW that should
be further explored. Results are, however, important for
individuals with LC due to the novelty of the condition and
uncertainty around optimal rehabilitation approaches.

JMIR Rehabil Assist Technol 2022 | vol. 9 | iss. 3 | e39883 | p. 12
(page number not for citation purposes)

JMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES

Conclusion
Workers undergoing LC rehabilitation reported significant but
modest improvements on a variety of PROMs, but only 53%
of workers with LC returned to work at the time of program
discharge. RTW outcomes would likely improve with increased

Brehon et al
availability of modified duties and timelier rehabilitation.
Additional research is needed, including larger observational
cohorts with additional variables as well as randomized
controlled trials to evaluate the effectiveness of LC
rehabilitation.

Acknowledgments
No funding was received in support of this research. The Workers’ Compensation Board (WCB) of Alberta assisted with data
extraction. KB and DG completed data analyses and wrote the manuscript. All other coauthors were involved in providing input
on the manuscript, approved the submitted version, and agreed to be personally accountable for their own contributions and to
ensure questions on the work are appropriately investigated and resolved.

Conflicts of Interest
None declared.

References
1.

2.

3.
4.

5.

6.

7.
8.

9.
10.

11.

12.
13.
14.

15.

Chen C, Haupert S, Zimmermann L, Shi X, Fritsche L, Mukherjee B. Global prevalence of post covid-19 condition or long
covid: a meta-analysis and systematic review. J Infect Dis 2022 Apr 16(jiac136):1-32 [FREE Full text] [doi:
10.1093/infdis/jiac136] [Medline: 35429399]
World Health Organization. A Clinical Case Definition of Post COVID-19 Condition by a Delphi Consensus. 2021. URL:
https://www.who.int/publications/i/item/WHO-2019-nCoV-Post_COVID-19_condition-Clinical_case_definition-2021.1
[accessed 2022-09-07]
Davis HE, Assaf GS, McCorkell L, Wei H, Low RJ, Re'em Y, et al. Characterizing long COVID in an international cohort:
7 months of symptoms and their impact. EClinicalMedicine 2021 Aug;38:101019. [doi: 10.1016/j.eclinm.2021.101019]
Mao L, Jin H, Wang M, Hu Y, Chen S, He Q, et al. Neurologic manifestations of hospitalized patients with coronavirus
disease 2019 in Wuhan, China. JAMA Neurol 2020 Jun 01;77(6):683-690 [FREE Full text] [doi:
10.1001/jamaneurol.2020.1127] [Medline: 32275288]
Wang L, He W, Yu X, Hu D, Bao M, Liu H, et al. Coronavirus disease 2019 in elderly patients: characteristics and prognostic
factors based on 4-week follow-up. J Infect 2020 Jun;80(6):639-645 [FREE Full text] [doi: 10.1016/j.jinf.2020.03.019]
[Medline: 32240670]
Yang X, Yu Y, Xu J, Shu H, Xia J, Liu H, et al. Clinical course and outcomes of critically ill patients with SARS-CoV-2
pneumonia in Wuhan, China: a single-centered, retrospective, observational study. Lancet Respir Med 2020
May;8(5):475-481. [doi: 10.1016/s2213-2600(20)30079-5]
Phillips M, Turner-Stokes L, Wade D, Walton K. Rehabilitation in the wake of Covid-19 - A phoenix from the ashes. Br
Soc Rehabil Med 2020;1:1-19 [FREE Full text]
Adhikari S, Meng S, Wu Y, Mao Y, Ye R, Wang Q, et al. Epidemiology, causes, clinical manifestation and diagnosis,
prevention and control of coronavirus disease (COVID-19) during the early outbreak period: a scoping review. Infect Dis
Poverty 2020 Mar 17;9(1):29 [FREE Full text] [doi: 10.1186/s40249-020-00646-x] [Medline: 32183901]
Singhal T. A review of coronavirus disease-2019 (covid-19). Indian J Pediatr 2020 Apr 13;87(4):281-286 [FREE Full text]
[doi: 10.1007/s12098-020-03263-6] [Medline: 32166607]
Alberta Health Services COVID-19 Scientific Advisory Group. COVID-19 Scientific Advisory Group Rapid Response
Report. 2020. URL: https://www.albertahealthservices.ca/assets/info/ppih/if-ppih-covid-19-sag-risk-prediction-toolsrapid-review.pdf [accessed 2022-09-07]
Domingo F, Waddell L, Cheung A, Cooper C, Belcourt V, Zuckermann A. Prevalence of long-term effects in individuals
diagnosed with COVID-19: A living systematic review. medRxiv Preprint posted online November 3, 2021. [FREE Full
text] [doi: 10.1101/2021.06.03.21258317]
Vu T, McGill S. An overview of post–covid-19 condition (long covid). Can J Health Technol 2021 Sep 24;1(9):1-31 [FREE
Full text] [doi: 10.51731/cjht.2021.160]
Public Health Ontario. Post-Acute COVID-19 Syndrome (PACS) in Adults. 2022. URL: https://www.publichealthontario.ca/
-/media/Documents/nCoV/ipac/2022/04/post-acute-covid-syndrome-pacs.pdf?sc_lang=en [accessed 2022-09-07]
Ceban F, Ling S, Lui L, Lee Y, Gill H, Teopiz K, et al. Fatigue and cognitive impairment in post-covid-19 syndrome: a
systematic review and meta-analysis. Brain Behav Immun 2022 Mar;101:93-135 [FREE Full text] [doi:
10.1016/j.bbi.2021.12.020] [Medline: 34973396]
Burton A, Aughterson H, Fancourt D, Philip K. Factors shaping the mental health and well-being of people experiencing
persistent COVID-19 symptoms or ‘long COVID’: qualitative study. BJPsych open 2022 Mar 21;8(2):1-8. [doi:
10.1192/bjo.2022.38]

https://rehab.jmir.org/2022/3/e39883

XSL• FO
RenderX

JMIR Rehabil Assist Technol 2022 | vol. 9 | iss. 3 | e39883 | p. 13
(page number not for citation purposes)

JMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES
16.

17.

18.

19.
20.
21.
22.
23.

24.

25.

26.
27.
28.
29.
30.
31.
32.
33.
34.

35.
36.

37.

38.

39.
40.

Ladds E, Rushforth A, Wieringa S, Taylor S, Rayner C, Husain L, et al. Persistent symptoms after covid-19: qualitative
study of 114 "long covid" patients and draft quality principles for services. BMC Health Serv Res 2020 Dec 20;20(1144):1-13
[FREE Full text] [doi: 10.1186/s12913-020-06001-y] [Medline: 33342437]
Lopez-Leon S, Wegman-Ostrosky T, Perelman C, Sepulveda R, Rebolledo P, Cuapio A, et al. More than 50 long-term
effects of COVID-19: a systematic review and meta-analysis. Sci Rep 2021 Aug 09;11(1):16144 [FREE Full text] [doi:
10.1038/s41598-021-95565-8] [Medline: 34373540]
Hanson S, Abbafati C, Aerts J, Al-Aly Z, Ashbaugh C, Ballouz T. A global systematic analysis of the occurrence, severity,
and recovery pattern of long COVID in 2020 and 2021. medRxiv Preprint posted online May 27, 2022. [FREE Full text]
[doi: 10.1101/2022.05.26.22275532]
Statistics Canada. Table 11-10-0135-02. Percentage of Persons in Low Income by Sex. 2022. URL: https://www150.stat
can.gc.ca/t1/tbl1/en/tv.action?pid=1110013502 [accessed 2022-09-07]
Premji S. Barriers to return-to-work for linguistic minorities in Ontario: an analysis of narratives from appeal decisions. J
Occup Rehabil 2015 Jun;25(2):357-367. [doi: 10.1007/s10926-014-9544-3] [Medline: 25240395]
Waddell G, Burton A. Is Work Good for Your Health and Well-Being?. Norwich, England: TSO; 2006.
Workers Compensation Board - Alberta. COVID-19. 2021. URL: https://www.wcb.ab.ca/assets/pdfs/workers/WFS_COVID
-19.pdf [accessed 2021-09-01]
Gross DP, Park J, Rayani F, Norris CM, Esmail S. Motivational interviewing improves sustainable return to work in injured
workers after rehabilitation: a cluster randomized controlled trial. Arch Phys Med Rehabil 2017 Dec;98(12):2355-2363.
[doi: 10.1016/j.apmr.2017.06.003] [Medline: 28647549]
Gross DP, Rachor GS, Yamamoto SS, Dick BD, Brown C, Senthilselvan A, et al. Characteristics and prognostic factors
for return to work in public safety personnel with work-related posttraumatic stress injury undergoing rehabilitation. J
Occup Rehabil 2021 Dec;31(4):768-784. [doi: 10.1007/s10926-021-09963-w] [Medline: 33751310]
Gross DP, Asante A, Pawluk J, Niemeläinen R. A descriptive study of the implementation of remote occupational
rehabilitation services due to the covid-19 pandemic within a workers’ compensation context. J Occup Rehabil 2021 Jun
28;31(2):444-453 [FREE Full text] [doi: 10.1007/s10926-020-09934-7] [Medline: 33118130]
Gross DP, Algarni FS, Niemeläinen R. Reference values for the SF-36 in Canadian injured workers undergoing rehabilitation.
J Occup Rehabil 2015 Mar;25(1):116-126. [doi: 10.1007/s10926-014-9531-8] [Medline: 24969159]
Krupp LB, Alvarez LA, LaRocca NG, Scheinberg LC. Fatigue in multiple sclerosis. Arch Neurol 1988 Apr;45(4):435-437.
[doi: 10.1001/archneur.1988.00520280085020] [Medline: 3355400]
Alberta Health Services. Post COVID-19 Functional Status Scale and Post COVID-19 Symptom Checklist. 2021. URL:
https://www.albertahealthservices.ca/frm-21820.pdf [accessed 2022-09-07]
Ware JE, Sherbourne CD. The MOS 36-item short-form health survey (SF-36). I. Conceptual framework and item selection.
Med Care 1992 Jun;30(6):473-483. [Medline: 1593914]
Tait RC, Chibnall JT, Krause S. The Pain Disability Index: psychometric properties. Pain 1990 Feb;40(2):171-182. [doi:
10.1016/0304-3959(90)90068-O] [Medline: 2308763]
Myles PS, Troedel S, Boquest M, Reeves M. The pain visual analog scale: is it linear or nonlinear? Anesth Analg 1999
Dec;89(6):1517-1520. [doi: 10.1097/00000539-199912000-00038] [Medline: 10589640]
Kroenke K, Spitzer RL, Williams JBW. The PHQ-9: validity of a brief depression severity measure. J Gen Intern Med
2001 Sep;16(9):606-613 [FREE Full text] [doi: 10.1046/j.1525-1497.2001.016009606.x] [Medline: 11556941]
Spitzer RL, Kroenke K, Williams JBW, Löwe B. A brief measure for assessing generalized anxiety disorder: the GAD-7.
Arch Intern Med 2006 May 22;166(10):1092-1097. [doi: 10.1001/archinte.166.10.1092] [Medline: 16717171]
Blevins CA, Weathers FW, Davis MT, Witte TK, Domino JL. The Posttraumatic Stress Disorder Checklist for DSM-5
(PCL-5): development and initial psychometric evaluation. J Trauma Stress 2015 Dec;28(6):489-498. [doi: 10.1002/jts.22059]
[Medline: 26606250]
Ware J. In: Maruish ME, editor. User's Manual for the SF-36v2 Health Survey. 3rd ed. Lincoln, RI: Quality Metric; 2009.
Hopman WM, Towheed T, Anastassiades T, Tenenhouse A, Poliquin S, Berger C, Canadian Multicentre Osteoporosis
Study Research Group. Canadian normative data for the SF-36 health survey. CMAJ 2000 Aug 08;163(3):265-271 [FREE
Full text] [Medline: 10951722]
Wong J, Kudla A, Pham T, Ezeife N, Crown D, Capraro P, et al. Lessons learned by rehabilitation counselors and physicians
in services to covid-19 long-haulers: a qualitative study. Rehabil Counsel Bull 2021 Dec 14:1-11 [FREE Full text] [doi:
10.1177/00343552211060014]
Lunt J, Hemming S, Elander J, Baraniak A, Burton K, Ellington D. Experiences of workers with post-COVID-19 symptoms
can signpost suitable workplace accommodations. Int J Workplace Health Manag 2022 Feb 23;15(3):359-374. [doi:
10.1108/ijwhm-03-2021-0075]
Pauwels S, Boets I, Polli A, Mylle G, de RH, Godderis L. Return to Work after Long COVID: Evidence at 8th March 2021.
2021. URL: https://hse.gov.uk/research/assets/docs/return-to-work-after-long-covid.pdf [accessed 2022-09-07]
Cancelliere C, Donovan J, Stochkendahl M, Biscardi M, Ammendolia C, Myburgh C, et al. Factors affecting return to work
after injury or illness: best evidence synthesis of systematic reviews. Chiropr Man Therap 2016 Sep 8;24(1):32 [FREE Full
text] [doi: 10.1186/s12998-016-0113-z] [Medline: 27610218]

https://rehab.jmir.org/2022/3/e39883

XSL• FO
RenderX

Brehon et al

JMIR Rehabil Assist Technol 2022 | vol. 9 | iss. 3 | e39883 | p. 14
(page number not for citation purposes)

JMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES
41.

42.

43.

Brehon et al

Gatchel RJ, Polatin PB, Noe C, Gardea M, Pulliam C, Thompson J. Treatment- and cost-effectiveness of early intervention
for acute low-back pain patients: a one-year prospective study. J Occup Rehabil 2003 Mar;13(1):1-9. [doi:
10.1023/a:1021823505774] [Medline: 12611026]
Wong TL, Weitzer DJ. Long covid and myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS)-a systemic review
and comparison of clinical presentation and symptomatology. Medicina (Kaunas) 2021 Apr 26;57(5):418 [FREE Full text]
[doi: 10.3390/medicina57050418] [Medline: 33925784]
Stevelink SAM, Mark KM, Fear NT, Hotopf M, Chalder T. Chronic fatigue syndrome and occupational status: a retrospective
longitudinal study. Occup Med (Lond) 2022 Apr 19;72(3):177-183. [doi: 10.1093/occmed/kqab170] [Medline: 34865116]

Abbreviations
DSM-5: Diagnostic and Statistical Manual for Mental Disorders Fifth Edition
FFW: fit for work
FSS: Fatigue Severity Scale
GAD-7: 7-item Generalized Anxiety Disorder Questionnaire
LC: long COVID
MCS: mental component score
PCFS: Post-COVID Functional Scale
PCL-5: Diagnostic and Statistical Manual for Mental Disorders Fifth Edition posttraumatic stress disorder
checklist
PCS: physical component score
PDI: Pain Disability Index
PHQ-9: 9-item Patient Health Questionnaire
PROM: patient-reported outcome measure
PTSD: posttraumatic stress disorder
RQ: research question
RTW: return-to-work
SF-36: 36-item Short Form Health Survey
VAS: Visual Analogue Scale
WCB-Alberta: Workers’ Compensation Board of Alberta

Edited by T Leung, L Sheehy; submitted 26.05.22; peer-reviewed by M Wasilewski, D Richter; comments to author 22.07.22; revised
version received 05.08.22; accepted 29.08.22; published 14.09.22
Please cite as:
Brehon K, Niemeläinen R, Hall M, Bostick GP, Brown CA, Wieler M, Gross DP
Return-to-Work Following Occupational Rehabilitation for Long COVID: Descriptive Cohort Study
JMIR Rehabil Assist Technol 2022;9(3):e39883
URL: https://rehab.jmir.org/2022/3/e39883
doi: 10.2196/39883
PMID: 36094442

©Katelyn Brehon, Riikka Niemeläinen, Mark Hall, Geoff P Bostick, Cary A Brown, Marguerite Wieler, Douglas P Gross.
Originally published in JMIR Rehabilitation and Assistive Technology (https://rehab.jmir.org), 14.09.2022. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR
Rehabilitation and Assistive Technology, is properly cited. The complete bibliographic information, a link to the original publication
on https://rehab.jmir.org/, as well as this copyright and license information must be included.

https://rehab.jmir.org/2022/3/e39883

XSL• FO
RenderX

JMIR Rehabil Assist Technol 2022 | vol. 9 | iss. 3 | e39883 | p. 15
(page number not for citation purposes)

