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BACKGROUND: Perceived health is one of the strongest determinants of subjective well-being,
but it has received little attention among survivors of ARDS.

RESEARCH QUESTION: How well do self-reported measures of physical, emotional, and social
functioning predict perceived overall health (measured using the EQ-5D visual analog scale [EQ-
5D-VAS]) among adult survivors of ARDS? Are demographic features, comorbidity, or severity
of illness correlated with perceived health after controlling for self-reported functioning?

STUDY DESIGN AND METHODS: We analyzed the ARDSNet Long Term Outcomes Study
(ALTOS) and Improving Care of Acute Lung Injury Patients (ICAP) Study, two longitudinal
cohorts with a total of 823 survivors from 44 US hospitals, which prospectively assessed
survivors at 6 and 12 months after ARDS. Perceived health, evaluated using the EQ-5D-VAS,
was predicted using ridge regression and self-reported measures of physical, emotional, and
social functioning. The difference between observed and predicted perceived health was
termed perspective deviation (PD). Correlations between PD and demographics, comorbid-
ities, and severity of illness were explored.

RESULTS: The correlation between observed and predicted EQ-5D-VAS scores ranged from 0.68
to 0.73 across the two cohorts and time points. PD ranged from –80 toþ34 and was more than
the minimum clinically important difference for 52% to 55% of survivors. Neither demographic
features, comorbidity, nor severity of illness were correlated strongly with PD, with |r|< 0.25 for
all continuous variables in both cohorts and time points. The correlation between PD at 6- and
12-month assessments was weak (ALTOS: r ¼ 0.22, P < .001; ICAP: r ¼ 0.20, P ¼ .02).

INTERPRETATION: About half of survivors of ARDS showed clinically important differences in
actual perceived health vs predicted perceived health based on self-reported measures of
functioning. Survivors of ARDS demographic features, comorbidities, and severity of illness
were correlated only weakly with perceived health after controlling for measures of perceived
functioning, highlighting the challenge of predicting how individual patients will respond
psychologically to new impairments after critical illness. CHEST 2022; 161(2):407-417
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Take-home Points

Study Question: Among survivors of ARDS, is
perspective deviation (PD; defined as the difference
between observed vs predicted perceived health)
associated with survivors’ demographics, comorbid-
ity, or ICU severity of illness?
Results: Demographics, comorbidity, and ICU
severity of illness were not associated strongly with
PD in two large cohorts of survivors of ARDS
assessed at 6 and 12 months after ARDS.
Interpretation: Clinicians should refrain from
making assumptions based on commonly available
medical data about how survivors of ARDS will
perceive their health over the first year of recovery.
Advances in critical care and aging populations have
contributed to a growing number of survivors of
ARDS.1-4 Many survivors of ARDS experience new and
persistent physical, cognitive, and mental health
impairments.5-8 In response, professional societies have
identified improving long-term outcomes as a key
research priority,9-13 and the number of peer-reviewed
articles reporting outcomes after discharge of those who
were treated in the ICU has risen dramatically.14 Models
to predict physical, cognitive, and mental health
impairments after ARDS now exist,15-18 and physicians
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are encouraged to discuss the risk of long-term
functional impairment routinely with patients in ICUs
and their families.19 Critical care follow-up clinics also
are proliferating to address these impairments20 and are
struggling valiantly to improve life for survivors.21-27

Self-reported measures of participation, or the ability to
perform common daily activities, are collected almost
universally in research on patients treated in and
discharged from the ICU. This is because the abilities to
bathe oneself, prepare food, and climb a flight of stairs
are good predictors of whether a person can live
independently. At the same time, these measures are
only moderately predictive of more personal, patient-
important outcomes.28,29 Psychological and cultural
factors also shape how survivors feel about their bodies,
their health, and their lives relative to their value
systems. When symptoms and impairments do not
match how a survivor perceives their health, we infer the
existence of trait resilience,30-32 expectations,33,34 and
psychological adaptation to impairments (ie, response
shift).34-36 However, it is extremely difficult to measure
these factors and demonstrate their role in survivors’
lives.

Perceived health matters because it is one of the
strongest determinants of subjective well-being, or
happiness.37 If we can readily identify critical illness
survivors at risk of negative health perceptions,
regardless of recovered functional status (eg, ability to
participate in daily activities), they may benefit from
interventions to address mental health and self-care in
survivorship.31,38 With this background and rationale,
we evaluated data from two longitudinal, multisite
cohort studies of survivors of ARDS to explore
unmeasured determinants of health perception after
critical illness, with three objectives: (1) to use self-
reported measures of physical, emotional, and social
functioning to predict perceived health during the first
year after ARDS; (2) to identify survivors with clinically
important positive or negative differences in predicted
vs perceived health; and (3) to describe the baseline
demographic and critical illness-related characteristics of
survivors with strongly negative or positive views of
their health relative to their self-reported functional
status.

Methods
Conceptual Model and Definitions

Within the conceptual model for this research (Fig 1), we recognized
health perception as a subjective self-evaluation. We predicted how
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Figure 1 – Diagram showing conceptual model of two hypothetical survivors of ARDS. Each survivor’s perception of their health was ascertained using
the EQ-5D visual analog scale. The wording of the question was: “To help you say how good or bad your state of health is, I’d like you to try to picture
in your mind a scale that looks like a thermometer. The best state you can imagine is marked 100 at the top of the scale and the worst state you can
imagine is marked zero at the bottom. I would like you to tell me the point on this scale where you would put your own state of health TODAY.” The
survivor’s expected response is predicted using their responses to questions evaluating seven domains of the 36-item Short Form Health Survey version 2
depicted by the seven colored boxes. The red arrow indicates the survivor’s actual response. We defined perspective deviation as a survivor’s expected
response minus their actual or observed response. ARDS survivor 1 exhibited positive perspective deviation, whereas ARDS survivor 2 exhibited negative
perspective deviation.
individual survivors of ARDS would perceive their health using data
from other survivors of ARDS with similar self-reported physical,
emotional, and social functioning and approximately the same
number of months since ARDS development. This framework does
not assume the existence of a “true” or correct health perception. No
term exists to describe the difference between an individual’s
perception of their health and the expected perception of health
among peers with similar self-reported function. Therefore, to
recognize this concept, we created the term perspective deviation
(PD), defined as the difference between a person’s perception of
their health, Hi, and the average or expected perception of health,
E(Hi), given their self-reported measures of physical, emotional, and
social functioning ða1i; a2i; . aniÞ, after a period in a new health
state (eg, 6 months after ARDS):

PDi ¼ Hi � EðHi j a1i; a2i; .aniÞ:

Participants

Two longitudinal multisite cohort studies of adult survivors of ARDS
provided data for this study: The National Heart, Lung, and Blood
Institute ARDS Network (ARDSNet) Long Term Outcomes Study
(ALTOS) and Improving Care of Acute Lung Injury Patients (ICAP)
Study. ALTOS (ClinicalTrials.gov Identifier: NCT00719446)
examined the outcomes for survivors of ARDS at 6 and 12 months
after enrollment in four National Institutes of Health-funded ARDS
Network clinical trials that recruited from 44 hospitals at 11 study
chestjournal.org
sites across the United States.39-42 Major exclusion criteria included
pre-existing severe chronic lung, liver, or neuromuscular disease or
restriction in the use of life support at eligibility. Evaluations of
survivors used a battery of validated surveys, administered by phone.
Follow-up for ALTOS was excellent, with 97% and 95% of enrolled
survivors having an assessment at 6 and 12 months, respectively.
The ICAP Study prospectively enrolled consecutive mechanically
ventilated patients with ARDS, diagnosed in an identical manner to
those in ALTOS, from 13 ICUs at four hospitals in Baltimore,
Maryland (ClinicalTrials.gov Identifier: NCT00300248).43 Inclusion
criteria for enrollment in the ICAP Study were less stringent than in
ALTOS, resulting in a sicker study population on average. Self-
reported physical and mental health outcomes in the ICAP Study
were collected for 95% and 92% of enrolled survivors at 6 and
12 months, respectively. The Johns Hopkins School of Medicine
Institutional Review Board approved this study (Identifier:
IRB00162140).

Outcome Measures
In both prospective studies, all participants were asked about their
perceived health at 6 and 12 months after ARDS onset using the
EQ-5D visual analog scale (EQ-5D-VAS).44,45 The EQ-5D-VAS
ranges from 0 to 100, with higher scores representing better
perceived health.

Symptoms and self-reported function at 6 and 12 months were
assessed using the five questions in the EQ-5D-3L, a standardized
409
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measure developed by the EuroQol Group to provide a simple, generic
questionnaire for use in clinical and economic appraisal or population
health status surveys (ie, mobility, self-care, usual activities, pain or
discomfort, and anxiety or depression), and 30 questions from the
36-item Short Form Health Survey version 2 (SF-36v2; ie, physical
functioning, role limitations resulting from physical health problems,
bodily pain, social functioning, mental health, role limitations
resulting from emotional problems, and vitality).46 Descriptions of
this battery of 35 questions are included in e-Table 1. Both the EQ-
5D-3L and SF-36v2 are recommended instruments for studies of
patients treated in and discharged from the ICU.47

Additionally, the following data were collected for participants in both
the ALTOS and ICAP Study: demographics (including age, sex, race,
years of formal education, and median household income within the
participant’s zip code) and severity of illness (Acute Physiology and
Chronic Health Evaluation II score,48 ICU length of stay, hospital
length of stay). For all ICAP Study participants and for ALTOS
participants from five of the 11 study sites, comorbidity was
evaluated via the Charlson Comorbidity Index49 and the Functional
Comorbidity Index,50,51 in addition to any documented past medical
history of depression. Participants also were asked to assess
retrospectively their health status before ARDS using the EQ-5D-VAS.
686 patients with complete, self-
reported data at 6 and 12 mo

12 patients with incomplete
data or responses

provided by proxies

698 patients with data at 6 and 12 mo

189 deceased or lost to
follow-up by 12 mo

887 ALTOS patients
(NCT00719446)

186 patients
randomly assigned

to validation set

Optimal model
chosen based on

mean squared
error (MSE)

Cross-validation
used to tune
parameters

500 patients
randomly assigned

to training set

Figure 2 – Flow diagram of longitudinal cohort studies. The ALTOS examine
Institutes of Health-funded ARDS Network Clinical Trials for patients with
battery of validated surveys for survivors from 41 hospitals at 11 study cente
centers provided additional data on formal education, comorbidities before AR
prospective cohort study evaluated the effects of lower tidal volume ventilatio
physical and mental health outcomes of participants at 13 ICUs at four hospi
and 12 months. ALTOS ¼ ARDSNet Long Term Outcomes Study; ICAP ¼
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Statistical Analysis

Continuous variables were described using medians and interquartile
ranges, whereas categorical variables were presented using
frequencies and percentages. Responses to five questions about
health state from the EQ-5D-3L and 30 questions from the SF-36v2
at 6 and 12 months after enrollment were used to predict EQ-5D-
VAS score during the same 6- and 12-month assessments.
Importantly, the resulting prediction model was not intended for use
in the clinical setting. To avoid overfitting a model with 35
predictors, we randomly divided the ALTOS cohort into a training
set of 500 survivors and an internal validation set of 186 survivors
using a random number generator (Fig 2). We considered six
approaches to developing a prediction model, as detailed in e-
Table 2. Trialed approaches included shrinkage methods (least
absolute shrinkage and selection operator,52 ridge regression,53 and
elastic net54), and tree-based ensemble methods (random forest55

and extreme gradient boosting56). Hyperparameters for each model
were tuned using 10-fold cross-validation within the training set.
Optimal combinations of parameters were chosen based on the
lowest root mean square error. Each model was used to predict the
EQ-5D-VAS for the 186 survivors in the ALTOS validation set at 6
and 12 months, with accuracy evaluated by mean squared error. The
final model minimized mean squared error in the ALTOS validation
137 patients with complete, self-
reported data at 6 and 12 mo

Cross-validation used to
tune parameters

149 patients with data at 6 and 12 mo

75 deceased or lost to
follow-up by 12 mo

224 ICAP patients
(NCT00300248)

12 patients with incomplete
data or responses

provided by proxies

d patient outcomes 6 and 12 months after enrollment into four National
ARDS. Data on health-related outcomes were collected by phone via a
rs across the United States. Participants from five of 11 ARDS Network
DS, and retrospective perception of their health before ARDS. The ICAP
n and other aspects of critical illness and ICU care on the long-term
tals in Baltimore, Maryland. Follow-up assessments were conducted at 6
Improving Care of Acute Lung Injury Patients.
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set and then was used to predict the EQ-5D-VAS score at 6 and
12 months in the full ALTOS cohort (N ¼ 686). Because the central
tendency of EQ-5D-VAS scores in the ICAP Study cohort was
substantially lower than in ALTOS, we fit a second ICAP-specific
prediction model with hyperparameters tuned using 10-fold cross-
validation.

PD for survivors in both the ICAP Study and ALTOS was calculated as
observed EQ-5D-VAS score minus predicted EQ-5D-VAS (ie,
residuals) at 6 and 12 months. Thus, positive PD values occurred
when a survivor perceived his or her health to be better than
predicted using the 35 self-reported measures, and negative PD
occurred when a survivor’s perceived health was worse than
predicted. Histograms of PD stratified by study (ie, ICAP Study
vs ALTOS) and time point (ie, 6 months vs 12 months) were
plotted. The correlation between PD at 6 and 12 months was
examined visually and summarized using Pearson correlation
coefficient (r).
TABLE 1 ] ALTOS and ICAP Patient Cohorts

Characteristic

Age, y

Female sex

Race

White

Black

Other

Missing

Years of educationa

Median income of zip code (USD) $47,30

Charlson Comorbidity Indexb

Functional Comorbidity Indexb

Past medical history of depressionb

APACHE IIc

LOS, d

Hospitald

ICUe

Retrospective perception of health before ARDSf

Data are presented as No. (%) or median (interquartile range). Percentages
Outcomes Study; APACHE ¼ Acute Physiology and Chronic Health Evaluation; IC
stay; USD ¼ US dollars.
aAvailable for 307 ALTOS survivors and 130 ICAP survivors.
bAvailable for all ICAP survivors and 236 ALTOS survivors from five of 11 study
cMissing for 20 ALTOS survivors.
dMissing for five ALTOS survivors.
eMissing for four ALTOS survivors.
fAvailable for 109 ICAP survivors and 236 ALTOS survivors from five of 11 stud
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To explore correlations between patient characteristics and PD, we
plotted PD against age, years of formal education, median household
income in participant zip code, sex, race, Charlson Comorbidity
Index, functional comorbidity index, past medical history of
depression, and retrospective perception of health before ARDS
assessed using the EQ-5D-VAS question. For age, years of education,
and Acute Physiology and Chronic Health Evaluation II score, the
Pearson correlation coefficient was reported, and Student t test was
used to test the null hypothesis of no correlation. Spearman rank
correlation coefficient was reported for continuous variables with
skewed distributions and Spearman r test statistic was used to test
the null hypothesis of no correlation. The association between race
and PD was explored using a one-way analysis of variance model.
We used a conservative minimal clinically important difference of 8
points on the EQ-5D-VAS to identify meaningful PD based on
previous work.57,58 A P value of < .05 was considered statistically
significant. All analyses were performed using R version 4.0.2
software (R Foundation for Statistical Computing).
Results
Participants in ALTOS and the ICAP Study generally
were similar (Table 1), although a higher proportion of
ICAP Study patients were Black and their median
hospital and ICU lengths of stay were longer.
Hyperparameters selected via cross-validation for each
potential model are reported in e-Table 2 and e-Figure 1.
Models using shrinkage methods predicted perceived
health in the validation cohort most successfully (e-
Table 3). Ridge regression with all 35 questions about
self-reported physical, emotional, and social functioning
from the EQ-5D-3L and SF-36v2 generated the most
ALTOS (n ¼ 686) ICAP (n ¼ 137)

51 (41-59) 47 (40-57)

356 (52) 63 (46)

555 (81) 80 (58)

99 (14) 54 (39)

14 (2) 2 (2)

18 (3) 1 (1)

13 (12-14) 12 (11-14)

0 ($37,900-$62,000) $46,230 ($39,724-$65,744)

1 (0-1) 1 (0-3)

2 (1-3) 1 (1-2)

67 (28)b 27 (20)

25 (20-32) 23 (18-28)

17 (12-26) 23 (15-34)

10 (7-16) 14 (8-21)

80 (60-90) 75 (50-90)

do not total 100% because of rounding. ALTOS ¼ ARDSNET Long Term
AP ¼ Improving Care of Acute Lung Injury Patients study; LOS ¼ length of

sites.

y sites.
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Figure 3 – Graphs showing expected vs observed perception of health at 6 and 12 months in the ALTOS and ICAP cohorts. Perception of health was
evaluated using the EQ-5D-VAS questionnaire. Expected perceptions of health estimated using patient responses to 35 questions from the 36-item
Short Form Health Survey version 2 and EQ-5D-VAS about physical functioning, social functioning, mental health, bodily pain, role limitations
resulting from physical health or emotional problems, vitality, energy, and fatigue. Areas of the plot shaded red indicate that the survivor’s perception
of his or her health was > 8 points better than predicted, corresponding to positive perception deviation. Areas of the plot shaded blue indicate that
the survivor’s perception of his or her health was > 8 points worse than predicted, corresponding to negative perception deviation. Pearson cor-
relation coefficients reported. P < .001 for the test of the null hypothesis, and r ¼ 0 in both cohorts at both time points. ALTOS ¼ ARDSNet Long
Term Outcomes Study; ICAP ¼ Improving Care of Acute Lung Injury Patients study; PD ¼ perception deviation; VAS ¼ visual analog scale.
accurate (lowest mean square error) predictions in the
validation set at both 6 and 12 months. Therefore, we
used ridge regression models to predict perceived health
(EQ-5D-VAS scores) at 6 and 12 months in the full
ALTOS and ICAP Study cohorts.

The relationship between predicted and reported
perceived health was similar in both cohorts and at both
412 Original Research [ 1 6 1 # 2 CHES T F E B R U A R Y 2 0 2 2
follow-up assessments (ie, 6 and 12 months) after ARDS
(Fig 3). The correlation between predicted and observed
EQ-5D-VAS was 0.72 and 0.73 at the 6- and 12-month
assessments, respectively, in the ALTOS cohort and 0.68
at both time points in the ICAP Study cohort. Residuals,
which served as estimates of PD, appeared to be
approximately normally distributed in both cohorts and
at both time points (e-Fig 2). Within the ALTOS cohort,
]



TABLE 2 ] Correlations Between Patient Characteristics and PD

Characteristic

ALTOS ICAP

Correlationa
Test

Statisticb
P

Value Correlationa
Test

Statisticb
P

Value

6 mo

Age –0.02 –0.51 .61 –0.03 –0.3 .77

Sex NA –2.9 .004 NA –1.1 .27

Race NA 0.47 .70 NA 3.7 .01

Years of educationc 0.07 1.3 .21 0.04 0.39 .69

Median income of zip code (USD) 0.06 5.1e þ 07 .12 –0.09 4.7e þ 05 .29

Charlson Comorbidity Indexd –0.06 2.3e þ 06 .32 –0.06 4.5e þ 05 .49

Functional Comorbidity Indexd –0.09 2.4e þ 06 .17 0.03 4.1e þ 05 .71

Past medical history of depressiond NA –1.5 .14 NA –0.9 .37

APACHE IIe 0.09 2.3 .02 –0.21 –2.5 .01

LOS, d

Hospitalf 0.06 5.0e þ 07 .14 –0.07 4.6e þ 05 .41

ICUg 0.003 5.3e þ 07 .93 –0.004 4.3e þ 05 .96

Retrospective perception of health before
ARDSh

0.17 1.8e þ 06 .01 0.34 1.4e þ 05 .0003

12 mo

Age –0.03 –0.82 .41 0.08 0.9 .37

Sex NA –2.2 .03 NA –1.1 .26

Race NA 0.53 .66 NA 3.3 .02

Years of educationc 0.04 0.64 .52 0.2 2.3 .03

Median income of zip code (USD) < 0.001 5.4eþ07 .99 0.18 3.5 eþ05 .03

Charlson Comorbidity Indexd –0.001 2.2eþ06 .99 –0.15 4.9 eþ05 .08

Functional Comorbidity Indexd –0.05 2.3eþ06 .44 –0.008 4.3 eþ05 .93

Past medical history of depressiond NA –1.0 .30 NA –0.9 .36

APACHE IIe 0.007 0.17 .86 –0.15 –1.8 .08

LOS, d

Hospitalf 0.02 5.1eþ07 .51 –0.08 4.6 eþ05 .37

ICUg –0.006 5.3eþ07 .87 –0.02 4.4 eþ05 .84

Retrospective perception of health before
ARDSh

0.18 1.8eþ06 .007 0.13 1.9 eþ05 .19

For sex and for normally distributed continuous variables (age, education, APACHE II), we report the parametric Student t test. For skewed continuous
variables (income, Charlson Comorbidity Index, Functional Comorbidity Index, hospital LOS, ICU LOS, retrospective perception of health before ARDS),
we report Spearman r statistic. The relationship between race and PD was explored using a one-way analysis of variance model. We report the F
statistic. APACHE ¼ Acute Physiology and Chronic Health Evaluation; ICAP ¼ Improving Care of Acute Lung Injury Patients study; LOS ¼ length of stay; NA
¼ not applicable; PD ¼ perspective deviation; USD ¼ US dollars.
aCorrelation coefficients are reported for continuous variables. The Pearson correlation coefficient was reported for age, years of education, and APACHE II
score. Spearman rank correlation coefficient was reported for the following characteristics with skewed distributions: median income of zip code, Charlson
Comorbidity Index, hospital LOS, ICU LOS, and retrospective perception of health before ARDS. In both cases, correlations with absolute value of < 0.30 are
weak, those of 0.3 to 0.7 are moderate, and those > 0.70 are high.
bReported test statistics.
cAvailable for 307 ALTOS patients and 130 ICAP patients.
dAvailable for all ICAP patients and 236 ALTOS patients from five of 11 study sites.
eMissing for 20 ALTOS patients.
fMissing for 5 ALTOS patients.
gMissing for 4 ALTOS patients.
hAvailable for 109 ICAP patients and 236 ALTOS patients from five of 11 study sites.
estimated PD ranged from –70 to þ47 at 6 months and
–56 to þ44 at 12 months. PD for ICAP Study survivors
ranged from –56 to þ34 at 6 months and –80 to þ32 at
chestjournal.org
12 months. The absolute value of PD was > 8 (minimal
clinically important difference) for 375 patients in
ALTOS at 6 months (55%), 358 patients in ALTOS at
413
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12 months (52%), 76 patients in the ICAP Study at
6 months (55%), and 73 patients in the ICAP Study at
12 months (53%). The correlation between PD at the 6-
and 12-month assessments was weak (ALTOS: r ¼ 0.22,
P < .001; ICAP: r ¼ 0.20, P ¼ 0.02) (e-Fig 3).

In bivariate comparisons of PD and survivor
demographics, correlations were < 0.25 for all
continuous variables in both cohorts and at both time
points (Table 2, e-Figs 4-7). Mean PD was significantly
more positive among women compared with men in the
ALTOS cohort at 6 and 12 months, but men showed a
more positive mean PD than women in the ICAP Study
cohort. Retrospective perception of health before ARDS
was correlated weakly with PD at 6 months in both
ALTOS (r ¼ 0.17, P ¼ .01) and the ICAP Study (r ¼
0.34, P ¼ .0003) (e-Fig 8). This correlation also was
present at 12 months, but was even weaker in the ICAP
Study cohort (ALTOS: r ¼ 0.18, P ¼ .001; ICAP: r ¼
0.13, P ¼ .19).
Discussion
We used 35 self-reported measures of physical,
emotional, and social functioning to predict how > 800
adults treated in and discharged from the ICU from 44
US hospitals would perceive their health at 6 and
12 months after ARDS. A moderate correlation was
found between predicted and actual health perception
across both cohorts and time points, with about half of
survivors reporting a perception that differed from
predictions by more than the minimal clinically
important difference for the EQ-5D-VAS. We termed
the difference between predicted and actual survivor
perceptions of health as perspective deviation. In
exploratory analyses, the correlation between survivor
demographics, illness severity, and comorbidity with PD
was negligible. Estimated PD 6 months after ARDS was
correlated weakly with PD 12 months after ARDS,
suggesting that perceptions of health relative to self-
reported functioning may change substantially over time
during survivorship.

Our research builds on a robust literature describing
patient-reported outcome measures (PROMS) after
critical illness.59,60 Studying health perception is
challenging because it requires using subjective self-
evaluation PROMS like the EQ-5D-VAS question or the
general health perceptions subscale of the 36-item Short
Form Health Survey.61 Self-evaluation PROMS ask
respondents to compare their experiences with personal,
internal standards,62 and these standards or definitions
414 Original Research
can change, particularly when a person becomes ill. In
response to this phenomenon, termed response shift,36

psychometricians have developed nearly a dozen
methods63,64 to answer the question: How would this
person have responded to this self-evaluation PROM if
their internal standard or definition had not changed? In
contrast, we attempted to answer a different question:
How does this person’s perceived health compared with
the perceived health of other people who also survived
critical illness at a similar time and are experiencing
similar levels of self-reported physical, emotional, and
social functioning?

Our findings suggest that combined measures of
physical, emotional, and social functioning are
important predictors of perceived health after ARDS,
but they are not determinative. One year after ARDS,
survivors who gave similar answers to 35 well-validated
questions covering a wide range of issues, including
lifting and carrying groceries, feeling depressed, and
feeling pain, sometimes gave vastly different answers
when asked about their overall health status using the
EQ-5D-VAS. Why might this be? One possibility is that
the SF-36v2 and EQ-5D-3L lack questions about
important determinants of perceived health. Some have
argued that the experience of ICU survivorship is unique
in ways that generic PROMS like the SF-36v2 and EQ-
5D-3L fail to capture.65,66 For example, neither the SF-
36v2 nor the EQ-5D-3L address sleep,67 and sleep
disturbance is common in ICU survivorship.68 However,
sleep disturbance is likely to affect fatigue, mental health,
and productivity at work, and items in the SF-36v2
query each of these issues.

Variability in psychological resilience, or the ability to
adapt and adjust to adversity and significant sources of
stress,30 also may contribute to PD. How individuals
approach and react to negative events and their beliefs
about their ability to recover from these negative events,
termed trait resilience,32 contribute to well-being and
likely vary across survivors. A 2016 study of adult
survivors of medical ICUs found resilience was
correlated inversely with self-reported symptoms of
anxiety, depression, posttraumatic stress, pain, and
difficulty with self-care.31

Another possible factor influencing perceived health is
social comparison. Decades of well-being research has
demonstrated that people tend to answer questions
about subjective states like health and happiness by
comparing themselves to both internal (their past selves)
and external (peer) reference groups.69-71 For example, a
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survivor with mild fatigue 6 months after ARDS who
views healthy people of the same age as peers may
describe their health as being only fair. However, if that
same survivor views people with severe symptoms after
critical COVID-19 as their peers, they instead may view
their health as good. As clinics and support groups for
those treated in ICUs proliferate, more such patients
may believe that they are part of a community with its
own norms and standards of health.

Finally, expectations may serve as a key comparator for
survivors of ARDS reflecting on their health. Patient
expectations about ARDS survivorship largely are
unstudied, and many intensivists report reluctance to
discuss functional outcomes after discharge from the
ICU with patients and their families.72 A recent review
of English-language media stories on ARDS found that
few reports commented on disability among survivors of
ARDS, and reports that mentioned survivorship largely
reported no functional deficits.73 Appropriately, the
Intensive Care Society identifies expectation
management and improving public understanding of
intensive care as a priority.74

Our results have important implications for clinicians
caring for critically ill patients and those treated and
discharged from ICUs. Patients and families who
struggle to imagine survivorship can be reminded that
how survivors feel about their health is not determined
solely by what their bodies and minds can do. Similarly,
clinicians should not make assumptions about how a
patient will adapt psychologically to a new health state
based on their demographics, severity of illness,
comorbidity burden, or history of depression. The fact
that 6- and 12-month PD values were correlated only
weakly implies that survivorship is a process and that
perceptions of health can change substantially
throughout that process. The good news is that although
functioning, demographics, and diagnoses are not
strongly predictive, ascertaining perceived health is a
straightforward procedure. It requires only that
clinicians make time to ask and listen.

This investigation has limitations. First, we studied adult
survivors of ARDS in the United States who may not be
representative of survivors of ARDS in other countries
or patients treated in and discharged from ICUs more
broadly. Patients from ALTOS were also enrolled in
chestjournal.org
ARDS Network clinical trials, and thus had fewer
baseline comorbidities than the general population of
patients with ARDS treated in the ICU. We also do not
assume that these results are applicable to survivors of
COVID-19, given the comparatively robust media
coverage of long-COVID.75 Our prediction models are
not designed to be broadly applicable to cohorts outside
of our study. The fact that survivors in the ICAP cohort
reported worse perceived health than survivors in the
ALTOS cohort (after controlling for measures of
function) implies there may be geographical or center
effects in studies of perceived health after critical illness.
We also lacked data on social support that could play a
role in perceived health.

Finally, the EQ-5D-VAS is a single, imperfect measure
of perceived health that requires respondents to
conceive of a two-dimensional line as representative of
a complex, abstract concept.76 Robust methodologies
for assessing perceived health, such as ecological
momentary assessment,77 which involves repeated real-
time sampling of a person’s experience in their natural
environment, could help to maximize the validity of
perceived health measures. We also encourage
replication of this investigation using other patient
cohorts and other techniques to assess perceived
health (eg, time tradeoff or the general health
perceptions subscale of the 36-item Short Form Health
Survey).
Interpretation
Perceived health is one of the strongest determinants of
subjective well-being, but it is not determined solely by
perceived physical, emotional, and social functioning
among survivors of ARDS. For survivors who self-
reported similar levels of functioning, we found that
demographics, comorbidity burden, and severity of
illness were correlated only weakly with perceived
health. We hypothesize that resilience, psychological
adaptation, social comparison, and expectations about
survivorship could influence perceived health, and we
encourage further study to test these hypotheses. In the
meantime, clinicians in both the ICU and rehabilitation
settings should refrain from making assumptions about
how survivors of ARDS will adapt psychologically to
new health states based on demographics and diagnoses.
415
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e-Table 1: Self-reported measures of health used to predict perception of health 

Domain Instrument Questions 

Physical 
Functioning 

SF-36v2 
10 questions about physical activities ranging from dressing oneself to 
running.  

EQ-5D-3L 2 questions about walking and self-care. 

Role 

limitations 

due to 
physical 

health 
problems 

SF-36v2 
4 questions about the impact of physical health on work and other regular 
daily activities 

EQ-5D-3L 
1 question about usual activities, for example work, study, housework, 
family or leisure. 

Bodily Pain 

SF-36v2 2 questions about the impact of bodily pain on regular activities 

EQ-5D-3L 1 question about pain 

Social 
Functioning 

SF-36v2 
2 questions about how physical health and emotional problems have 
affected social activities with family, friends, neighbors, or groups.  

Mental 
Health 

SF-36v2 5 questions about mental health symptoms 

EQ-5D-3L 1 question about mental health symptoms 

Role 

limitations 

due to 
emotional 

problems 

SF-36v2 
3 questions about the impact of mental health symptoms on work and other 

regular daily activities 

Vitality, 

energy or 

fatigue 

SF-36v2 4 questions about fatigue 
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e-Table 2: Techniques used to estimate perception of health 

Technique Approach Features/variables 

Hyper-parameters via cross-

validation† 

Dimension 

Reduction 

Simple linear 

regression 
(glm) 

7 transformed domain scores 
excluding the “General health 

perceptions” domain   
(7 features) 

Link function = identify 

Distribution = Gaussian 

Shrinkage 
Methods** 

LASSO  
(glmnet) 

EQ5D items and 30 of the SF-

36 items  

(35 features) 

Regularization parameter λ = 0.625 

Ridge 
Regression*  

(glmnet) 

EQ5D items and 30 of the SF-
36 items 

(35 features) 

ALTOS* 

Regularization 

parameters 
6 months: λ = 

28.2 
12 months: λ = 

15.8 

ICAP* 

Regularization 

parameters 
6 months: λ = 

37.7 
12 months: λ = 

18.3 

Elastic Net 

(glmnet) 

EQ5D items and 30 of the SF-
36 items  

(35 features) 

Mixture of 𝑙1 and  𝑙2 penalty α  = 0.903 

Tuning parameter λ = 0.605 

Tree-Based 
Methods 

Random forest  

(ranger) 

EQ5D items and 30 of the SF-

36 items  
(35 features) 

6 months: 

Number of candidate variables for 

splitting at in each node(mtry)= 2 
Minimum node size (min_n)= 1 

trees = 2,000 

 
12 months: 

Number of candidate variables for 
splitting at in each node(mtry)= 7 

Minimum node size (min_n)= 10 

trees = 2,000 

Extreme 
gradient 

boosting 
(xgboost) 

EQ5D items and 30 of the SF-
36 items  

(35 features) 

The number of trees (trees)= 955 

Number of splits in each 
tree(tree_depth)= 1 

Shrinkage parameter λ (learn_rate)= 

0.005 

Abbreviations: LASSO, Least Absolute Shrinkage and Selection Operator; QoL, Quality of Life; VAS, Visual Analogue Scale;    
†Hyper-parameters were tuned using 10-fold cross-validation.  Optimal combinations of parameters were selected based on 
the lowest root mean squared error.  For some approaches, different combinations were chosen for the 6 month and 12 

month time-points.  
* Because the central tendency of EQ-5D-VAS scores in the ICAP cohort was substantially lower than in ALTOS, we fit a 
second ICAP-specific prediction model with hyper-parameters tuned using 10-fold cross-validation. 

** Shrinkage methods regularize or “shrink” coefficient estimates thereby reducing their variance.  In LASSO and ridge 
regression models, the regularization parameter lambda (λ) controls the impact of the shrinkage penalty.  When λ=0, the 
penalty term has no effect and the model produces least squares estimates.  Conversely, as λ grows coefficient estimates 

approach zero.  In situations where the number of independent variables (predictors) is large relative to the number of 
observations (n), the least squares estimates become extremely variable, while shrinkage methods are less so.   The LASSO 
and Ridge Regression methods use slightly different shrinkage penalties, referred to as 𝑙1and 𝑙2 respectively.  While the 𝑙1 
penalty allows some coefficients to be minimized to 0, the 𝑙2 penalty prevents any coefficients from being removed from the 

model.  The Elastic Net technique includes both the 𝑙1and 𝑙2 penalties, and the hyperparameter α ranges between 0 and 1 

and determines how much weight is given to each. 
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e-Figure 1:  Root Mean Squared Error (RMSE) for ridge regression predictions as a function of 

the regularization parameter lambda (λ)   The model for which RMSE of predictions is smallest is used 

to identify the optimal value of λ.  The x-axis is on a log10 scale. 
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e-Table 3: Mean squared error of candidate prediction models using validation data  

 Simple 
linear 

regression LASSO 

Ridge 

regression Elastic net 

Random 

Forest 

Extreme 
gradient 

boosting 

6 month VAS score 274 270 264 270 275 320 

12 month VAS score 277 277 273 278 281 331 

Abbreviations: LASSO, Least Absolutely Shrinkage and Selection Operator; VAS, Visual Analogue Scale  
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e-Figure 2: Histograms of estimated perspective deviation Abbreviations: ALTOS = 

ARDSNET Long Term Outcomes Study; ICAP = The Improving Care of Acute Lung Injury 

Patients study
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e-Figure 3: Correlation between 6 month and 12 month perspective deviation  Pearson’s 

correlation coefficients reported. P-values for the null hypothesis that r = 0.  Abbreviations: ALTOS = 

ARDSNET Long Term Outcomes Study; ICAP = The Improving Care of Acute Lung Injury Patients study
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e-Figure 4: Perspective deviation and continuous demographics   Scatterplots of perspective deviation and (A) 

age, (B) years of formal education, and (C) median income of patient’s home zip code in US dollars.  Plots are 

stratified by study and months since enrollment. The dashed red line indicates a perspective deviation of 0 observed 

when a survivor’s perception of their health matched the expected perception of health given their responses to 

questions from the SF-36v2 and EQ-5D-3L about physical functioning, social functioning, mental health, bodily pain, 

role limitations due to physical health or emotional problems, and vitality. Abbreviations: ALTOS = ARDSNET Long 

Term Outcomes Study; ICAP = The Improving Care of Acute Lung Injury Patients study 
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e-Figure 5: Perspective deviation and categorical demographics   Violin plots of perspective 

deviation and (A) gender, and (B) race.  Plots are stratified by study and months since enrollment. 

Abbreviations: ALTOS = ARDSNET Long Term Outcomes Study; ICAP = Improving Care of Acute Lung 

Injury Patients study 
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e-Figure 6: Perspective deviation and pre-ARDS comorbidity   Scatterplots of perspective deviation and (A) 

Charlson score, and (B) Functional Comorbidity Index score.  Violin plot of perspective deviation and (C) past medical 

history of depression. Plots are stratified by study and months since enrollment. The dashed red line indicates a 

perspective deviation of 0 observed when a survivor’s perception of their health matched the expected perception of 

health given their responses to questions from the SF-36v2 and EQ-5D-3L about physical functioning, social 

functioning, mental health, bodily pain, role limitations due to physical health or emotional problems, and vitality. 

Abbreviations: ALTOS, ARDSNet Long Term Outcomes Study; ARDS, Acute Respiratory Distress Syndrome; ICAP, 

Improving Care of Acute Lung Injury Patients 
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e-Figure 7: Perspective deviation and severity of illness   Scatterplots of perspective deviation and (A) APACHE 

II score, (B) ICU length of stay in days, and (C) Hospital length of stay in days. Plots are stratified by study and 

months since enrollment. The dashed red line indicates a perspective deviation of 0 observed when a survivor’s 

perception of their health matched the expected perception of health given their responses to questions from the SF-

36v2 and EQ-5D-3L about physical functioning, social functioning, mental health, bodily pain, role limitations due to 

physical health or emotional problems, and vitality, energy, and fatigue. Abbreviations: ALTOS, ARDSNet Long Term 

Outcomes Study; APACHE, Acute Physiology and Chronic Health Evaluation; ICAP, Improving Care of Acute Lung 

Injury Patients; ICU, Intensive Care Unit; LOS, Length of Stay 
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e-Figure 8: Perspective deviation and retrospective VAS score Plots are stratified by study and months since 

enrollment. Spearman’s correlation coefficients reported. The dashed red line indicates a perspective deviation of 0 

observed when a survivor’s perception of their health matched the expected perception of health given their 

responses to questions from the SF-36v2 and EQ-5D-3L about physical functioning, social functioning, mental health, 

bodily pain, role limitations due to physical health or emotional problems, and vitality, energy, and fatigue. 

Abbreviations: ALTOS, ARDSNet Long Term Outcomes Study; ICAP, Improving Care of Acute Lung Injury Patients 
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