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BACKGROUND: Joblessness is common after ARDS, but related risk factors are not fully
understood.

RESEARCH QUESTION: What is the association between survivors’ pre-ARDS workload and
post-ARDS functional impairment, pain, and fatigue with their return to work (RTW) status?

STUDY DESIGN AND METHODS: The U.S. Occupational Information Network (O*NET) was
used to determine pre-ARDS workload for participants in the ARDS Network Long-Term
Outcomes Study (ALTOS). Post-ARDS functional impairment was assessed using the
Mini-Mental State Examination and SF-36 Physical Functioning, Social Functioning, and
Mental Health sub-scales, and categorized as either no impairments, only psychosocial
impairment, physical with low psychosocial impairment, or physical with high psychosocial
impairment. Post-ARDS pain and fatigue were assessed using the SF-36 pain item and
Functional Assessment of Chronic Illness Therapy—Fatigue Scale fatigue scale, respectively.
Generalized linear mixed modeling methods were used to evaluate associations among pre-
ARDS workload, post-ARDS functional impairment, and symptoms of pain and fatigue with
post-ARDS RTW.

RESULTS: Pre-ARDS workload was not associated with post-ARDS RTW. However, as
compared with survivors with no functional impairment, those with only psychosocial
impairment (OR [CI]: 0.18 [0.06-0.50]), as well as physical impairment plus either low
psychosocial impairment (0.08 [0.03-0.22]) or high psychosocial impairment (0.01 [0.003-
0.05]) had lower odds of working. Pain (0.06 [0.03-0.14]) and fatigue (0.07 [0.03-0.16])
were also negatively associated with RTW.

INTERPRETATION: For previously employed survivors of ARDS, post-ARDS psychosocial and
physical impairments, pain, and fatigue were negatively associated with RTW, whereas pre-
ARDS workload was not associated. These findings are important for designing and
implementing vocational interventions for ARDS survivors. CHEST 2021; 160(2):509-518
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Take-home Points

Study Question: What are the associations among
survivors’ pre-ARDS workload, post-ARDS func-
tional impairment, pain, and fatigue with their return
to work (RTW) status 12 months after ARDS?
Results: Functional impairment phenotypes and
symptoms were negatively associated with RTW after
ARDS, and pre-ARDS occupational workload
phenotype was not.
Interpretation: These findings are important for
designing and implementing vocational rehabilita-
tion interventions to help address a crisis of
joblessness among ARDS survivors.
After hospitalization, return to work (RTW) is
important for previously employed patients and is
positively associated with functional recovery and
economic status.1 However, previously employed
survivors of ARDS who required intensive care
commonly experience joblessness over 5-year follow-
up (36%-68%).2-4 Hence, a greater understanding of
occupational and patient factors associated with post-
ARDS employment outcomes is urgently needed.
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Among ARDS survivors, existing patient and
hospitalization factors associated with joblessness
include older age, non-White race, chronic health
conditions, prolonged mechanical ventilation, and
longer ICU and hospital lengths of stay.2,5 However,
few studies have evaluated joblessness with ARDS
survivors’ post-hospitalization status, including aspects
of their physical, cognitive, and mental health status.6,7

In other patient populations, post-hospitalization
joblessness is associated with pre-hospitalization
workload (the minimal ability required to perform a
specific job8), post-hospitalization functional
impairment (eg, physical, psychological, interpersonal,
and cognitive impairment), and symptoms (eg, pain
and fatigue).9-12 Applying these findings to ARDS
survivors required a deeper evaluation to assist in
designing vocational interventions. Hence, our primary
objective was to evaluate the associations of (a) pre-
ARDS job workload, (b) post-ARDS functional
impairment, and symptoms of (c) pain and (d) fatigue
with RTW at 6 and 12 months after ARDS. As an
exploratory objective, we also examined the association
of these factors, in combination, with RTW at 6 and
12 months.
Study Design and Methods
Overview and Participants
This evaluation was conducted as a secondary data analysis of the
ARDS Network Long-Term Outcomes Study (ALTOS).13-16 ALTOS
is prospective cohort study that evaluated 6- and 12-month
outcomes of participants from randomized trials conducted by the
National Institutes of Health ARDS Network. Participants were
enrolled from 43 hospitals during the period of 2008 to 2014.17-20 In
prospective follow-up of participants, treatments from these trials
did not have any impact on 6- and 12-month physical, cognitive, or
mental health and quality of life outcomes.13-16 For this analysis,
participants in the ARDS Network parent studies were excluded if
they (1) reported no employment before hospitalization for ARDS;
(2) died or retired during the follow-up period; (3) had incomplete
functional assessments; or (4) were missing employment outcome
data during follow-up. As required to associate specific jobs with
employment workload, we also excluded survivors who had a job
title that: (1) could not be matched within the Occupational
Information Network (O*NET) dataset (n ¼ 2), or (2) was classified
as having both low physical and psychosocial workloads (because of
a sample size too small for meaningful statistical analysis [n ¼ 4]).
Approval for ALTOS was obtained from the institutional review
boards of all participating study sites. We reported this analysis in
accordance with Strengthening the Reporting of Observational
Studies in Epidemiology guidelines.21

Demographic and ICU Variables

Demographic and ICU variables were collected in the parent study,
including age, sex, race, ZIP Code, ethnicity, Acute Physiology and
Chronic Health Evaluation III (APACHE III) severity of illness
score,22 duration of mechanical ventilation, and ICU and hospital
lengths of stay (LOS). As a measure of socioeconomic status, pre-
ARDS household income was estimated using publicly available ZIP
Code data, as done previously for this studys.23
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Primary Outcome: Return to Work

In the parent study, a previously developed employment
questionnaire2,5 was administered to survivors (or their proxies) at 6
and 12 months after ARDS. This in-depth questionnaire included
questions regarding pre-ARDS job title, working full-time before
ARDS (Y/N), and current employment status (ie, working or not
working). For statistical analysis, the primary outcome was evaluated
at both 6 and 12 months, and modeled as a binary variable
indicating whether the ARDS survivor was working vs not working
at the respective time point.

Pre-ARDS Workload Phenotype Exposure Variable

To estimate survivors’ pre-ARDS workload, we matched their pre-
ARDS job title from their ALTOS employment questionnaire2,5 with
the O*NET system.24 O*NET is a regularly updated US Department
of Labor database that provides, in detail, specific domains (ie,
abilities, interests, knowledge, skills, work activities, work context,
and work values) of nearly 1,000 occupations. Each domain contains
several standardized descriptors, on a 1 to 5 scale, with higher scores
identifying attributes more vital for specific occupations. In our
study, descriptor scores >2 indicated a high workload, as defined by
O*NET.25 Because impairments in memory, attention, and executive
function are frequently reported cognitive issues in ICU survivors,26

we used the descriptors “memorization and complex problem-
solving” to capture cognitive workload. Additionally, we used
descriptors “level of competition” and “social perceptiveness” to
capture survivors’ emotional and interpersonal workload,
respectively. We then collapsed cognitive, emotional, and
interpersonal workloads into a single variable, psychosocial
workload, to identify jobs that had a high level of demand in this
area (range, 0-3, with a higher number indicating greater demands).
Finally, we used the descriptor “performing general physical
activities” to capture survivors’ physical workload.

Using these psychosocial and physical workload data, we defined three
pre-ARDS workload phenotypes based on actual RTW patterns
observed in ALTOS: (1) only high psychosocial workload (ie, an
O*NET descriptor score >2 in >1 of psychosocial category [ie,
cognitive, emotional, or interpersonal]; eg, telemarketer or software
developer), (2) high physical (descriptor score >2) and low
psychosocial (descriptor score >2 in #1 category) workload (eg,
custodian or grocery store clerk), and (3) high physical and
psychosocial (descriptor score >2 in >1 category) workload (eg,
nurse or basketball coach).

Functional Impairments Exposure Variable

Functional impairment, an outcome encompassing psychosocial
impairment (comprising cognitive, emotional, and interpersonal
impairment) and physical impairment, was measured at 6 and
12 months post-ARDS. More specifically, cognitive function was
measured by the Mini-Mental State Examination,27 with a score <24
indicating cognitive impairment.28 Emotional, interpersonal, and
physical impairment were measured by Short Form 36 (SF-36)
mental health, social functioning, and physical function subscales,
chestjournal.org
respectively. Each normalized subscale ranges from 0 to 100 (mean
[SD] ¼ 50 [10]), with a higher score indicating better status,29 and
emotional, interpersonal, and physical impairments, respectively,
defined as mental health, social functioning, and physical functioning
normalized scores #40 ($1 SD lower). Using these variables, we
defined four post-ARDS functional impairment phenotypes based on
observed RTW patterns: (1) no functional impairment, (2) only
psychosocial impairments, (3) physical and low psychosocial
impairment, and (4) physical and high psychosocial impairment.

Pain and Fatigue Exposure Variables

Pain and fatigue symptoms were measured at 6 and 12 months post-
ARDS. Pain was evaluated by the pain interference question of the
SF-36. This question asks the individual to rate the extent to which
pain interferes with normal work, with responses ranging from “Not
at all,” “A little bit,” “Moderate,” “Quite a bit,” to “Extremely,”29

with responses of “Moderate” or higher defined as experiencing pain.
Fatigue was measured by Functional Assessment of Chronic Illness
Therapy- Fatigue Scale, which measures an individual’s level of
fatigue during their usual daily activities over the past week. A
transformed score (range, 0-100) #68 was defined as experiencing
fatigue.30

Statistical Analysis

We summarized data using means and SDs for continuous variables,
and proportions for categorical variables. We compared data using
Student t tests for continuous variables, and c2 or Fisher exact tests,
as appropriate, for categorical variables.

For the primary objective, we used a generalized linear mixed model
with a random intercept to evaluate, separately, the cross-sectional
association of each exposure factor (pre-ARDS workload phenotype,
post-ARDS functional impairment phenotype, pain, and fatigue)
with RTW. Furthermore, we used logistic regression to evaluate the
associations of individual exposures at 6 months with RTW at
12 months.

For the secondary objective, we included all factors (pre-ARDS
workload phenotype, post-ARDS functional impairment phenotype,
pain, and fatigue) in separate generalized linear mixed-model and
logistic regression models, evaluating their cross-sectional and
prospective association with RTW, respectively. The following
covariates were included in all regression models, chosen a priori
based on prior publications2,5: age, sex, race, APACHE III, and
hospital LOS. Because socioeconomic status also may influence
RTW, all models were adjusted for pre-ARDS estimated household
income.23 In all models, multicollinearity was evaluated using
variance inflation factors and was not detected (ie, all variance
inflation factors <10). All analyses were performed using STATA 16
statistical software (StataCorp). A two-sided P < .05 denoted
statistical significance, with no adjustment for multiple comparisons.
To address the potential impact of missing data on our primary
analyses, we conducted sensitivity analyses using multiple imputation
methods (e-Appendix 1).
Results

Patient Characteristics

A total of 326 and 284 previously employed survivors,
respectively, were included in our 6- and 12-month
post-ARDS analyses (Fig 1). Demographic and ICU
variables and employment situations are summarized in
Table 1 and e-Table 1, respectively. There were no
significant differences in demographic or ICU factors
among survivors who did or did not meet inclusion
criteria for the 6-month analysis. However, as compared
with those included, survivors excluded from the 12-
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Figure 1 – Patient flow chart. O*NET¼
The U.S. Occupational Information
Network.

922 ARDS Survivors Consented for Follow-up

386 Previously-Employed Survivors 6 Mo After ARDS

  34 (4%) Missing employment data
  63 (9%) Died before 6-month follow-up
439 (48%) Not working before ARDS

  2 (1%) Cannot match their job with O*NET
  4 (1%) Low physical and psychosocial workloads
12 (3%) Retired
42 (11%) Incomplete functional ability tests or
     missing employment outcomes

326 Previously-Employed Survivors 6 Mo After ARDS
included in this analysis
171 (52%) Currently working
155 (48%) Currently not working

  6 (2%) Retired
  7 (2%) Dead
29 (9%) Incomplete functional ability tests or
     missing employment outcomes

284 Previously-Employed Survivors 12 Mo After ARDS
included in this analysis
161 (57%) Currently working
123 (43%) Currently not working
month analysis tended to have longer mechanical
ventilation duration and ICU LOS (e-Table 2).

RTW, Impairments, and Symptoms

At 6 and 12 months after ARDS, respectively, 171 (52%)
and 161 (57%) previously employed survivors had
returned to work, with 191 (59%) and 150 (53%)
reporting impairments (ie, physical or psychosocial),
200 (61%) and 158 (56%) reporting fatigue, and 131
(40%) and 97 (34%) reporting pain (Table 1). Among
survivors with psychosocial impairments, 33%, 54%, and
44% reported cognitive, emotional, and interpersonal
impairments at 6 months, respectively, and 48%, 71%,
and 33% reported these impairments at 12 months.
Those who were not working tended to be older and
non-White, with longer hospital and ICU LOS,
mechanical ventilation duration, and reporting greater
impairments (physical or psychosocial) and symptoms
(fatigue or pain).

In cross-sectional models involving individual exposure
factors, post-ARDS functional impairments, pain, and
fatigue were independently associated with not returning
512 Original Research
to work post-ARDS (Table 2). Compared with ARDS
survivors with no functional impairments, those with only
psychosocial impairments (OR [95%CI], 0.18 [0.06-0.50],
P ¼ .001), as well as physical plus either low psychosocial
impairments (0.08 [0.03-0.22], P < .001) or high
psychosocial impairments (0.01 [0.003-0.05], P < .001)
had lower odds of working (Table 2, individual models).
Compared with ARDS survivors without symptoms,
those with pain or fatigue symptoms (0.06 [0.03-0.14],
P < .001; 0.07 [0.03-0.16], P < .001) had lower odds of
working, respectively. Similar results were found in the
prospective model examining exposure factors at
6 months with RTW at 12 months (Table 3, individual
models).

Pre-ARDS Workload and RTW

Pre-ARDS workload was not associated with returning
to work after ARDS (Tables 2 and 3, individual models).
When simultaneously evaluating all factors, the
associations among functional impairment, pain, and
fatigue variables were attenuated (Table 2, combined
model). Physical impairments, with either low or high
psychosocial impairments (0.28 [0.10-0.78], P ¼ .015
[ 1 6 0 # 2 CHES T A UGU S T 2 0 2 1 ]



TABLE 1 ] Demographic and ICU Variables, by Employment Status at 6 and 12 Months After ARDSa

Variable

Working at
6 Mo

(n ¼ 171)

Not Working
at 6 Mo
(n ¼ 155) Pb

Working at
12 Mo

(n ¼ 161)

Not Working
at 12 Mo
(n ¼ 123) Pb

Demographic factors

Age, mean (SD), y 44 (13) 46 (12) .16 44 (12) 47 (12) .04

Female 69 (40) 76 (49) .12 64 (40) 61 (50) .12

White race 143 (84) 114 (74) .03 138 (86) 87 (71) .002

Hispanic ethnicity 12 (7) 17 (11) .25 11 (7) 13 (11) .28

Pre-ARDS estimated household income, mean
(SD), in thousands of dollarsc

55 (21) 52 (1.7) .08 56 (21) 51 (18) .03

ICU Factors

APACHE III severity of illness 84 (26) 85 (27) .75 82 (25) 85 (27) .39

ARDS primary risk factor:

Pulmonary 119 (70) 102 (66) .48 106 (66) 90 (73) .20

Sepsis 27(16) 31 (20) .39 27 (17) 19 (16) .87

Others 25 (15) 25 (16) .76 28 (17) 17 (14) .51

Mechanical ventilation, mean (SD) d 9 (8) 13 (12) <.001 9 (9) 12 (12) .02

ICU LOS, mean (SD) d 12 (9) 17 (12) <.001 12 (9) 15 (12) .005

Hospital LOS, mean (SD) d 18 (11) 27(17) <.001 19 (13) 24 (16) .005

Pre-ARDS Workloadd

High psychosocial workload only 63 (37) 57 (37) .99 62 (39) 42 (34) .45

High physical & low psychosocial workload 34 (20) 38 (25) .35 28 (17) 34 (28) .04

High physical & high psychosocial workload 74 (43) 60 (39) .43 71 (44) 47 (39) .39

Functional Impairment after ARDSe

No impairment 99 (58)f 36 (23)f <.001 113 (71)g 21 (17)g <.001

Only psychosocial impairments 30 (17)f 18 (12)f .16 18 (11)g 24 (20)g .062

Physical & low psychosocial impairment 28 (16)f 50 (32)f .001 24 (15)g 37 (30)g .002

Physical & high psychosocial impairment 14 (8)f 51 (33)f <.001 6 (4)g 41 (34)g <.001

Symptoms after ARDS

Pain 33 (19)f 98 (63)f <.001 30 (19)g 67 (55)g <.001

Fatigue 74 (44)f 126 (81)f <.001 61 (38)g 97 (85)g <.001

APACHE III ¼ Acute Physiology and Chronic Health Evaluation III; LOS ¼ length of stay.
aData presented as No. (%) unless otherwise noted and may not add to 100% because of rounding.
bCalculated by Student t test for continuous variables and c2 or Fisher exact tests, as appropriate, for categorical variables.
cEstimated household income is based on ZIP code of residence.22
dPsychosocial workload combines cognitive, emotional, and interpersonal workload categories, with a job exhibiting low (<2 categories), or high ($2
categories) number of these categories.
ePsychosocial impairment combines cognitive, emotional, and interpersonal impairment categories, with survivors having impairments in low
(<2 categories), or high ($2 categories) number of these categories.
fAnalyzed using functional impairments, pain, and fatigue at 6 months.
gAnalyzed using functional impairments, pain, and fatigue at 12 months.
and 0.07 [0.02-0.27], P < .001), pain (0.21 [0.09-0.52],
P ¼ .001) and fatigue (0.39 [0.16-0.96], P ¼ .04)
symptoms had strong negative associations for return to
work post-ARDS (Table 2, combined model). In the
logistic regression model simultaneously evaluating all
exposure factors at 6 months, only fatigue (0.43 [0.19-
0.93], P ¼ .03) and physical impairments with either
low or high psychosocial impairments (0.31 [0.13-0.72],
chestjournal.org
P ¼ .006 and 0.15 [0.05-0.42], P < .001) had strong
negative associations for RTW at 12 months (Table 3,
combined model).

Sensitivity analyses using multiple imputation for
missing demonstrate similar findings as the primary
analysis using complete case analysis (e-Tables 3, 4),
except for the combined cross-sectional association
model. This combined model, with multiple imputation,
513
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TABLE 2 ] Cross-sectional Associations of Return to Work After ARDS With Pre-ARDS Workload Phenotypes, Functional Impairments, Pain, and Fatiguea

Variable

Individual Models Combined Model

Return to Work Return to Work Return to Work Return to Work Return to Work

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

Pre-ARDS workloadb

Only high psychosocial workload Reference Reference

High physical and low
psychosocial workload

0.76 (0.25,
2.35)

.64 . . . . . . 0.40 (0.13,
1.20)

.10

High physical and high
psychosocial workload

0.92 (0.35,
2.40)

.86 . . . . . . 1.17 (0.47,
2.89)

.74

Functional impairmentsc

No impairment Reference Reference

Only psychosocial impairments . . 0.18 (0.06,
0.50)

.001 . . . . 0.40 (0.14,
1.16)

.09

Physical and low psychosocial
impairment

. . 0.08 (0.03,
0.22)

<.001 . . . . 0.28 (0.10,
0.78)

.015

Physical and high psychosocial
impairment

. . 0.01 (0.003,
0.05)

<.001 . . . . 0.07 (0.02,
0.27)

<.001

Pain . . . . 0.06 (0.03,
0.14)

<.001 . . 0.21 (0.09,
0.52)

.001

Fatigue . . . . . . 0.07 (0.03,
0.16)

<.001 0.39 (0.16,
0.96)

.041

The intraclass correlation (ICC) for the combined model was 62%.
aEach column represents one model. Generalized linear mixed model with a random intercept evaluating the association of working status with the variable named in that row, adjusted for age, sex, race, pre-ARDS
median household income, APACHE III (Acute Physiology and Chronic Health Evaluation III), hospital length of stay, and follow-up time.
bPsychosocial workload combines cognitive, emotional, and interpersonal workload categories, with a job exhibiting low (<2 categories), or high ($2 categories) numbers of these categories.
cPsychosocial impairment combines cognitive, emotional, and interpersonal impairment categories, with survivors having impairments in low (<2 categories) or high ($2 categories) number of these categories.
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TABLE 3 ] Prospective Association of Return to Work 12 Months After ARDS With Pre-ARDS Workload Phenotypes, Functional Impairments, Pain, and Fatigue at
6 Monthsa

Variable

Individual Models Combined Model

Return to Work
at 12 Mo

Return to Work
at 12 Mo

Return to Work
at 12 Mo

Return to Work
at 12 Mo

Return to Work
at 12 Mo

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

Pre-ARDS Workloadb

Only high psychosocial workload Reference Reference

High physical and low psychosocial
workload

0.79 (0.42,
1.47)

.45 . . . . . . 0.61 (0.28,
1.33)

.22

High physical and high psychosocial
workload

0.87 (0.51,
1.49)

.61 . . . . . . 1.04 (0.54,
2.00)

.91

Functional impairments at 6 moc

No impairment Reference Reference

Only psychosocial impairments . . 0.38 (0.17,
0.84)

.02 . . . . 0.62 (0.26,
1.47)

.28

Physical and low psychosocial
impairment

. . 0.16 (0.08,
0.32)

<.001 . . . . 0.31 (0.13,
0.72)

.006

Physical and high psychosocial
impairment

. . 0.07 (0.03,
0.15)

<.001 . . . . 0.15 (0.05,
0.42)

<.001

Pain at 6 mo . . . . 0.24 (0.15,
0.41)

<.001 . . 0.66 (0.32,
1.36)

.26

Fatigue at 6 mo . . . . . . 0.16 (0.09,
0.28)

<.001 0.43 (0.19,
0.93)

.03

The pseudo-r2 for the combined model was 23%.
aEach column represents one model. Multivariable logistic regression model evaluating the association of working status with the variable named in that row, adjusted for age, sex, race, pre-ARDS median household
income, APACHE III (Acute Physiology and Chronic Health Evaluation III), hospital length of stay, and follow-up time.
bPsychosocial workload combines cognitive, emotional, and interpersonal workload categories, with a job exhibiting low (<2 categories) or high ($2 categories) numbers of these categories.
cPsychosocial impairment combines cognitive, emotional, and interpersonal impairment categories, with survivors having impairments in low (<2 categories) or high ($2 categories) numbers of these categories.

ch
estjo

u
rn

al.o
rg

5
1
5

http://chestjournal.org


demonstrated that ARDS survivors with only
psychosocial impairment had lower odds of working
(0.37 [0.15-0.94], P ¼ .04), compared with survivors
with no functional impairment (e-Table 3, combined
model).

Discussion
Six months after ARDS, only 52% of previously
employed survivors of ARDS had returned to work;
12 months after ARDS, this proportion rose
minimally, to 57%. At 6- and 12-month follow-up,
more than half of survivors had psychosocial and
physical impairments and commonly reported
symptoms of pain and fatigue. Notably, the presence
of these impairments and symptoms were
independently associated with not working after
ARDS, whereas patients’ pre-ARDS occupational
workload was not associated with RTW.

To our knowledge, this is themost comprehensive study to
date to examine the association of pre-hospitalization
workload along with post-ARDS functional impairments
and symptoms on RTW status at 6- and 12-month follow-
up. Although our results suggest no association between
pre-ARDS workload and return to work after ARDS,
studies in other populations have yielded both
negative10,31-33 and positive32,34,35 results. As a potential
explanation, previous studies explored the association of
workload and RTW as single domain (eg, physical or
cognitive). However, we assessed workload using multiple
domains, categorizing them into different phenotypes.
Additionally, we evaluated job workload using detailed
O*NET descriptors, whereas prior studies relied on self-
report31 or job content questionnaires.33 However, there is
potential for measurement error in our mapping of
survivors’ pre-ARDS work with O*NET descriptors that
could have attenuated a potential association.

Consistent with prior studies in ARDS6,7 and general
ICU1,36 populations, we found that post-ARDS
functional impairments (particularly the combination of
physical and psychosocial impairments) were negatively
associated with RTW at 6 and 12 months. Although
prior RTW studies examined function as a single
domain (eg, physical, emotional, or cognitive),1,7 we
observed that most survivors reported multiple
functional impairments, motivating our approach to
analyze function in the context of co-occurring, rather
than singular, impairments.

In this analysis, 50% to 70% of psychosocial
impairments were related to emotional functional
516 Original Research
impairment (ie, SF-36 MH score <40).37 This finding is
consistent with prior reports demonstrating that
anxiety,38 depression,39 and post-traumatic stress
symptoms40,41 are common and often co-occur42-44 in
ICU survivors. Given that psychosocial impairments,
alone or combined with physical impairments, were
negatively associated with RTW after ARDS, specific
emphasis on early recognition and management of
psychosocial impairments (ie, cognitive, interpersonal,
and mental health issues) may be important in assisting
with subsequent RTW.

Notably, approximately one third and one half of
survivors, respectively, reported pain and fatigue
symptoms that were negatively associated with RTW.
Similar symptoms contributing to functional disability
and RTW have been shown in low back pain/
radiculopathy,45 cancer,46,47 and heart failure48

populations. In ICU49,50 and ARDS51 survivors, such
symptoms commonly co-exist with physical, cognitive,
and mental impairments. Hence, in post-ICU follow-up
clinics, early recognition of pain or fatigue symptoms
may help prompt a broad exploration of other
impairments, and a multidisciplinary and proactive
management approach to assist with RTW efforts and
potentially reduce chronic and ongoing symptoms in
ARDS survivors.

This study had many strengths, including its multicenter
longitudinal design, relatively large sample size of
previously employed ARDS survivors, high participant
retention rate, and detailed evaluation of pre-ARDS
workload and post-ARDS impairments and symptoms
with return to work. However, our study also has several
limitations. First, as an observational study, we cannot
make causal inferences between impairments, pain,
fatigue, and return to work. Thus, some of the
psychosocial impairment may be related to not
returning to work. Second, baseline status for these
factors is lacking to inform which impairments and
symptoms are new or worse after ARDS. Third, we used
the SF-36 and Mini-Mental State Examination to
measure aspects of functional impairment, which do
fully capture functional ability in comparison with
physical performance-based tests or more detailed
cognitive test batteries.52 Moreover, functional capacity
evaluations, work ability indices, and work limitation
questionnaires could be applied in future research to
build on the findings of this evaluation. Fourth, we
dichotomized workload, impairments, and symptoms,
rather than analyzing as continuous variables. This
approach can lead to loss of information. However,
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given the novelty and complexity of these analyses, this
approach was used for purposes of feasibility and for
assisting in easy interpretation of findings. Moreover, in
using O*NET, dichotomization is consistent with the
system’s standard scoring. Finally, the RTW follow-up
data were collected between 2008 and 2015. Although
there are ongoing changes in ICU clinical practice, there
is no strong and consistent evidence, as of yet, that such

changes have impacted long-term physical, cognitive,
and psychological outcomes.

53 However, the timing of

these study data and potential impact of such ICU
changes should be considered when interpreting the
study findings.
chestjournal.org
Interpretation
Almost half of previously employed ARDS survivors
had not returned to work at 6 months, with only
modest improvement at 12 months. Moreover, at
12 months, 53% reported physical or psychosocial
impairments, and 34% and 56% reported pain and
fatigue symptoms, respectively. These impairments and
symptoms were negatively associated with RTW,
whereas survivors’ pre-ARDS workload phenotype was
not. These findings are important for designing and
implementing vocational rehabilitation interventions to
help address a crisis of joblessness among ARDS
survivors.
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