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Understanding patient outcomes after acute
respiratory distress syndrome: identifying subtypes of
physical, cognitive and mental health outcomes
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ABSTRACT
Purpose With improving short-term mortality in acute
respiratory distress syndrome (ARDS), understanding
survivors’ posthospitalisation outcomes is increasingly
important. However, little is known regarding associaFor numbered affiliations see
tions among physical, cognitive and mental health outend of article.
comes. Identification of outcome subtypes may advance
understanding of post-ARDS morbidities.
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adequacy of the classification rule using a kappa statistic
with the validation dataset.
Results Among 645 ARDS survivors, 430 were in the
derivation and 215 in the validation datasets. Physical
and mental health status, but not cognitive status, were
closely associated. Four distinct subtypes were apparent
(percentages in the derivation cohort): (1) mildly impaired
physical and mental health (22% of patients), (2)
moderately impaired physical and mental health (39%),
(3) severely impaired physical health with moderately
impaired mental health (15%) and (4) severely impaired
physical and mental health (24%). The classification rule
had high agreement (kappa=0.89 in validation dataset).
Female Latino smokers had the poorest status, while
male, non-Latino non-smokers had the best status.
Conclusions We identified four post-ARDS outcome
subtypes that were predicted by sex, ethnicity, preARDS smoking status and other baseline factors. These
subtypes may help develop tailored rehabilitation
strategies, including investigation of combined
physical and mental health interventions, and distinct
interventions to improve cognitive outcomes.
►► Additional material is
published online only. To view
please visit the journal online
(http://d x.doi.o rg/10.1136/
thoraxjnl-2017-210337).
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Recent advances have reduced short-term mortality
for patients with acute respiratory distress syndrome
(ARDS),1 2 with an increasing focus on the postdischarge morbidities commonly experienced by
ARDS survivors.3 4 ARDS survivors frequently
experience persistent impairments in physical (eg,
muscle weakness), cognitive (eg, impaired memory)
and mental health (eg, anxiety) status, coupled with
reduced quality of life (QOL),5–7 known as the

Key messages
What is the key question?

►► Are there subtypes of physical, cognitive and

mental health outcomes among acute respiratory distress syndrome (ARDS) survivors?

What is the bottom line?

►► Four distinct subtypes were apparent, gener-

ally based on similar severity levels for both
physical and mental health impairments in
ARDS survivors.

Why read on?

►► To discover the patterns of subtypes, predic-

tors of subtype membership and relationships
among physical, cognitive and mental health
outcomes among ARDS survivors.

postintensive care syndrome.8 9 Despite substantial
epidemiological research describing impairments
in these outcome domains, the patterns and co-occurrence across domains of impairment are poorly
understood.
Some researchers suggest that survivors’ post-ICU
health status impairments represent not one
syndrome but many.10 Distinct syndromes within
larger clinical phenomena—when they include
biological mechanisms paired with specific phenotypes—are commonly termed endotypes.11 The
discovery of endotypes is a multistep process that
begins with the identification of apparent subtypes
(sometimes called subgroups or phenotypes). Those
subtypes that ultimately prove to be associated with
a biological mechanism are then considered endotypes.12 If multiple post-ARDS outcome endotypes
exist, identifying such endotypes could facilitate
research directed at understanding the pathophysiology, natural history and response to therapy
within the larger pool of ARDS survivors.13 Identifying endotypes also may allow targeted studies of
causal mechanisms and therapeutic interventions in
a way that is not currently possible when evaluating
more heterogeneous patient groups.14 15
Hence, to advance the understanding of postARDS patient outcomes, especially the associations
among physical, cognitive and mental health status,
we performed a cluster analysis of ARDS survivors

Brown SM, et al. Thorax 2017;0:1–9. doi:10.1136/thoraxjnl-2017-210337

   1

Copyright Article author (or their employer) 2017. Produced by BMJ Publishing Group Ltd (& BTS) under licence.

Thorax: first published as 10.1136/thoraxjnl-2017-210337 on 4 August 2017. Downloaded from http://thorax.bmj.com/ on December 4, 2020 by guest. Protected by copyright.

Original Article

Critical care
Health status outcome instruments employed in this study

Instrument

Domain measured

Items (N)

EuroQOL (EQ-5D-3L)

Quality of life

6

SF-36v2 Health Survey (includes a Mental
Physical and mental
Component Summary and Physical Component health
Summary)

36

Functional Assessment of Chronic Illness
Therapy

Fatigue

13

Telephone Mini Mental State Exam

Cognitive status

11

Hospital Anxiety and Depression Scale

Mental health

14

Impact of Event Scale-Revised (measure of
post-traumatic stress disorder symptoms)

Mental health

22

Functional Performance Inventory – Short Form Physical function

32

enrolled in a national, multicentre study to identify outcome
subtypes. This work represents the first essential step in endotyping: the identification and definition of apparent subtypes
among ARDS survivors.

Methods
Study design

We conducted a separately funded and designed, data science
analysis of patients in the ARDS Network Long-Term Outcomes
Study (ALTOS), which prospectively collected posthospitalisation outcomes for ARDS survivors from three ARDS Network
multicentre randomised trials, as described elsewhere.16–18
ALTOS enrolled participants from 41 hospitals throughout
the USA.19 20 The parent trials, ALTOS, and the present study
were approved by the relevant Institutional Review Boards, with
appropriate informed consent from participants.

Primary analysis

For this study, the primary analysis was the identification and
validation of outcome subtypes among ARDS survivors, using
weighted network analysis (WNA), which incorporates information about baseline predictors (at the time of hospital admission)
and outcome variables (measured at 6 months). We chose WNA
over, for example, latent class analysis, specifically because WNA
is well suited to bring together predictors and outcomes in a way
that facilitates the identification of meaningful subtypes.

Constituent patient outcomes

As described previously,19 21 at 6 months, a comprehensive
battery of validated outcome instruments was administered to
study participants (table 1), which included measures of physical, cognitive, mental health and quality of life status.

Statistical methods
Subtyping through WNA in the derivation dataset

We employed WNA, a clustering technique originally developed
for genetic analysis, to identify subtypes. WNA distinctively
incorporates both baseline predictor and 6-month outcome variables in the clustering process.22 The process (detailed in online
supplementary appendix 1) proceeds as follows: (1) identification of the most relevant predictors, (2) hierarchical clustering of
those predictors, (3) adjustment of cluster definitions to match
patterns in outcome data, (4) development of prediction rules
for subtype membership and (5) validation of clustering and
prediction.
2

We began this work with a penalised regression model of
6-month health utility scores obtained from the EQ-5D-3L QOL
instrument,23–25 the results of which have been published.26 This
first step allowed us to reduce the number of candidate predictors to facilitate subsequent clustering. That initial work identified nine predictors associated with 6-month health utility: age,
sex, Latino ethnicity, current smoking at the time of hospital
admission, body mass index, pulmonary comorbidity, AIDS
comorbidity, nadir respiratory rate on the day of study enrolment and residential independence at time of hospital admission
(ie, whether the patient resided at home with no help, at home
with informal help or required either professional help at home
or resided in a healthcare facility).22 The present work builds
on, and differs from, that preliminary work by performing a
cluster analysis of the limited predictor set and merging those
clusters with the outcome data. The present work thus focuses
on identifying subtypes among ARDS outcomes, characterising the subtypes and building prediction models for subtype
membership. We dealt with the rare missing data in the trial
dataset predictors, as outlined in our initial work, with multivariate single imputation before initiation of analysis; we did not
impute any outcome data.27
In order to allow validation, we applied WNA to a derivation
dataset consisting of a random selection of two-thirds (n=430)
of ALTOS patients, with the remaining one-third (n=215)
reserved for validation.

Evaluation of the adequacy of subtyping in the derivation
dataset

We evaluated the adequacy of the WNA-based subtyping by
exploring standardised differences in constituent outcomes (and
baseline predictor variables) by subtype and by calculating the
network module metrics of Langfelder et al.28

Subtype classification

Since our purpose was to identify outcome subtypes that can be
predicted at the time of therapeutic decisions (eg, shortly after
ARDS onset), we used recursive partitioning (RPART),29 a statistical learning technique, to define a classification rule for our
subtypes. RPART generated a final set of predictor variables and
cut-off values within the predictors to define our WNA-based
subtypes. The WNA and RPART classification rule was developed in the derivation cohort, with the cluster structure and classification rule applied to the validation cohort (online supplementary appendix 1).

Subtype validation

Subtype membership can be determined in a validation dataset
in two ways: (1) using correlation with the subtype pattern
summaries from the derivation dataset, and (2) using the classification rule. Agreement between these approaches suggests
that the subtypes are valid. We assigned cluster membership in
the validation dataset by correlating each patient’s profile across
the predictor variable set with the first principal component of
each WNA cluster in the derivation set, a WNA concept called
‘module membership’.28 30 For each patient in the derivation
dataset, we assigned subtype membership based on the cluster
that it achieved maximal Pearson correlation with via the cluster’s
first principal component. Additionally, we applied the RPART
classification rule that was created in the derivation cohort. We
then compared the agreement of the WNA subtype membership
with the RPART subtype membership in the validation dataset
using a kappa score (online supplementary appendix 1).
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Critical care
We descriptively compared outcomes and demographics across
subtypes in the derivation and validation datasets (considered
separately) using analysis of variance for comparing subtypes
with continuous variables and χ2 or Fisher’s exact tests for categorical variables.
To address the risk of type 1 error arising from multiple
comparisons, we limited the false discovery rate to <5% using
the technique of Benjamini.31

Secondary analyses

Five secondary analyses were performed. First, as part of a
National Heart Lung and Blood Institute (NHLBI)-funded
prospective substudy within ALTOS, participants recruited
from 5 of the 12 ALTOS study centres completed additional
outcome evaluations, including a detailed battery of cognitive tests at 6-month follow-up and evaluation of pre-ARDS
health status (retrospectively reported by patients using EQ-5D
and SF-36).20 32 In this analysis, we combined patients from
the derivation and validation datasets using RPART to assign
subtype in both datasets and evaluated whether cognitive test
scores differed by subtype and whether the cognitive test scores
correlated with other outcomes (eg, mental and physical health)
using Pearson correlations and inspection of the biplot from a
principal components analysis of the cognitive outcome scores
(online supplementary appendix 1).
Second, in the same subgroup of patients with additional
detailed outcome assessment, we evaluated whether baseline
EQ-5D and SF-36 scores, and change in scores from baseline to
6 months, differed by subtype. We also measured the proportion
of survivors whose score decreased, from baseline, by more than
the minimally important difference for EQ-5D (0.07 points)33
and SF-36 (4 points)34 35 and to capture more extreme decrements in health status, those whose scores decreased by more
than 1 SD on either instrument.
Third, we evaluated whether survivors’ 6-month residential
independence and their change in residential independence from
baseline to 6-month follow-up differed by subtype in the derivation and validation datasets.
Fourth, we explored ethnicity-related and subtype-related
differences in household income by residential zip code, educational attainment and baseline employment status (online supplementary appendix 1).
Finally, because Euclidean distance may not be optimal for
multiple data types, we performed a sensitivity analysis using
Gower’s distance,36 which was developed to measure distance
among multiple data types. We then compared the WNA clustering results based on Gower’s distance to the Euclidean
distance-derived clusters.

Sample size

WNA can be performed with sample sizes as small as
20–100.22 37–39 Given a sample size of 215 patients in the validation dataset and kappa estimates of 0.7 and 0.8 for agreement of
the classification rule with the WNA results, the proposed analysis would have 95% CI widths of 0.132 and 0.094, respectively,
which was considered adequately precise40 (see online supplementary appendix 1).
We performed all analyses in R 3.2.3 (www.r-project.org).41
Statistical significance was assessed at the 0.05 level.

Results

A total of 1176 eligible patients were enrolled in the ARDS
Network clinical trials, with 698 survivors being eligible and
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consenting for ALTOS, of whom 42 (6%) died prior to 6-month
follow-up. A total of 645 (98%) of the 656 eligible, consenting
survivors completed 6-month follow-up (figure 1).
Results of WNA in the derivation cohort are depicted in
online supplementary figure 1. WNA identified four subtypes,
with the identified clusters meeting Langfelder et al’s criteria
for adequacy (online supplementary table 1). The four-cluster
solution was more consistent with the patterns in WNA than
possible three-cluster or five-cluster solutions. The standardised
outcomes demonstrated good separation by subtype (figure 2),
with statistically significant differences among the large majority
of outcomes. Only cognitive function, as measured by MiniMental State Exam (MMSE), did not differ significantly across
subtypes.
Physical and mental health status were closely associated,
while cognitive outcomes were not (online supplementary
tables 5 and 6). In three of four subtypes, we observed parity
in the severity of physical and mental health status impairments, whether mild (subtype 1), moderate (subtype 2) or severe
(subtype 4). We also identified a subtype (subtype 3) in which
severe physical health status impairment was coupled with only
moderate mental health status impairment.
Table 2 depicts the mean scores for each instrument subscale
and total score, by subtype, in the derivation dataset. Among the
baseline predictors used in the analysis (table 3), the subtypes
differed significantly by age, sex, Latino ethnicity, pulmonary
comorbidity, residential independence (as previously defined)
and current tobacco smoking prior to hospital admission. For
purposes of illustration, we also compared potentially relevant
severity of illness variables across subtypes. The subtypes did not
differ by sepsis as primary cause of ARDS, intensive care unit
length of stay (ICU LOS), Acute Physiology and Chronic Health
Evaluation score, arterial oxygen tension (or pressure) (PaO2)/
fractional inspired oxygen (FiO2) ratio, positive end expiratory
pressure, Glasgow Coma Scale score or presence of shock at
enrolment (all p>0.1).
The RPART classification rule based on the derivation
dataset (n=430) is depicted in online supplementary figure
2. The agreement for the RPART classification rule with the
WNA subtypes was excellent (kappa 0.92, 95% CI 0.89 to
0.95; online supplementary table 2). Baseline pulmonary
comorbidity, sex, Latino ethnicity, residential status and
current smoking status were the variables that drove classification into the four subtypes.
In the validation cohort, agreement for the RPART versus
the WNA subtype assignment remained excellent (kappa
0.89, 95% CI 0.83 to 0.94; online supplementary table 3).
Prediction from RPART versus WNA matched in 92% of
the 205 cases where WNA subtype assignment was possible
(online supplementary table 3). The separation of outcome
variables by subtype appeared similar between the derivation
and validation datasets (online supplementary figure 3).
The secondary analyses demonstrated that outcomes from
the battery of detailed cognitive tests did not differ by subtype
(online supplementary table 4), as observed using the MMSE
cognitive screening test in the full dataset. Although physical and mental health outcomes correlated with each other
(online supplementary table 5), there was a low correlation
between cognitive and other outcomes (mean correlation
0.18; online supplementary table 6), with our exploratory
principal components analysis (online supplementary figure
4) demonstrating that cognitive outcomes were generally
unrelated to the physical and mental health outcomes. This
was true in the entire cohort, where cognitive function was
3
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measured by MMSE, and in the subgroup with additional
detailed cognitive assessments.
Baseline health status differed significantly among
subtypes (online supplementary table 7), with worse baseline
health status associated with worse post-ARDS outcomes, as
expected. However, patients in every subtype experienced a
decrement from baseline status. Just under half of patients
experienced a decrement that was larger than the minimum
important difference in the EQ-5D health utility; a similar
proportion of patients experienced a similar decrement in
SF-36 physical component score. Approximately one-third of
patients experienced a decrease in health status of at least 1
SD for the EQ-5D; one-third experienced a similar decrease
in SF-36 (online supplementary table 7). The proportion
of patients declining by more than the minimum important
difference or by more than 1 SD for either outcome measure
was similar across each of the four subtypes. This finding of
decreased health status from baseline was reinforced by findings regarding residential independence. There was a marked
4

decline in patients living at home without help from 91%
at baseline to 45% at 6-month follow-up, without significant differences in 6-month residential status across the four
subtypes (p>0.1; online supplementary table 8). The change
in status was, however, significant.
In exploring socioeconomic status by ethnicity (ie, Latino
vs non-Latino), we observed no significant difference in
median income for home zip code (online supplementary
table 9). Employment status did not differ by ethnicity
(online supplementary table 10), although Latino patients
did, on average, have more physically demanding occupations (55% vs 33%, p=0.02). In the patient subgroup with
additional detailed outcome assessments (n=181), Latino
patients had on average 4 years less educational attainment
(p=0.01; online supplementary table 11).
In our sensitivity analysis using Gower’s distance, the WNA
clusters appeared similar to the WNA clusters identified by
Euclidean distance.
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Figure 1 Patient flow diagram depicting the identification of patients for this study. ALTOS, ARDS Network Long-Term Outcomes Study; ARDS, acute
respiratory distress syndrome.
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Figure 2 Average standardised outcomes by subtype, derivation dataset. The scores are normalised and standardised. Each subtype is represented
by its own line, and the figure depicts the differences among the subtypes. EQ-5D: EuroQol; FACIT, Functional Assessment of Chronic Illness TherapyFatigue; FPI: Functional Performance Inventory; HADS, Hospital Anxiety and Depression Scale; IES-R; Impact of Event Scale, Revised; MMSE, Mini
Mental State Examination; SF-36: Optum SF-36v2 Health Survey.

Discussion

In this national, multicentre, prospective study of ARDS survivors, we identified four subtypes based on baseline predictors
and health status at 6 months. Physical and mental health status
were closely associated with each other, but cognitive status was
not associated with these other outcomes. The most common
subtype (39% of patients) was moderately impaired physical and
mental health status, with severe and mild impairments in both
physical and mental health status representing 22% and 23%
of patients, respectively. A third of patients suffered a decrease
from baseline in their EQ-5D or SF-36 scores that was larger
than 1 SD, a decrease that was similar across all four subtypes.
These four post-ARDS outcome subtypes were predicted by
sex, ethnicity and pre-ARDS smoking status and other baseline
factors but were not predicted by acute ARDS severity or ICU
treatment-related variables. Female Latino smokers had the most
severe impairments, while male non-Latino non-smokers had the
least severe impairments. These identified subtypes, as a foundation for identifying biologically based ARDS endotypes, may
help inform the design of future interventions (acknowledging
that the average effects in prior trials may have missed important
effects in subgroups), including evaluating combined physical and mental health interventions. In addition, recognising
the lack of correlation between cognitive and other outcomes,
distinct interventions focused on improving cognitive impairment need to be evaluated. On the basis of current evidence,
female smokers of Latina ethnicity are at especially high risk and
merit further investigation of potential early interventions.
The lack of correlation between cognitive and non-cognitive (ie, physical and mental health) outcomes was consistent
when both the MMSE screening instrument was used to evaluated cognitive outcomes in the entire population and when a
detailed battery of cognitive tests was evaluated in an a priori
subgroup of patients. Our findings extend recent findings from
a national Canadian cohort of 463 patients who were mechanically ventilated for at least 1 week. This Canadian study observed
that predictors of physical impairment were not predictive of
Brown SM, et al. Thorax 2017;0:1–9. doi:10.1136/thoraxjnl-2017-210337

cognitive impairment (both evaluated using the Functional
Independence Measure).42 Our findings differ from a post hoc
subgroup analysis of a prior study of 122 ARDS survivors that
suggested (unadjusted p=0.04) a possible association between
anxiety and cognitive impairment. Our findings may suggest
that the mechanisms of, or individual susceptibility for, cognitive
impairment after ARDS are not related to those associated with
physical and mental health impairments. Our data should not,
however, be interpreted to suggest that nominally physical interventions, such as early mobilisation, will not improve cognitive
outcomes, given the potential association between early mobilisation and delirium. Nor do our data suggest that some ARDS
survivors require no preventive or rehabilitation interventions,
only that tailoring such support may be important.
Patients in the subtype with severe physical and mental
health impairments (subtype 4) were disproportionately female,
current smokers at the time of hospital admission and Latino.
This finding regarding Latino ethnicity may be at least in part
a marker of baseline socioeconomic differences, as our exploratory analyses suggested that Latino versus non-Latino patients
had lower educational attainment and a greater proportion had
physically demanding employment.
The present work builds on our prior preliminary work26 in
several ways. While our prior work26 identified risk factors for
poor health-related QOL, the present work identifies subtypes
of outcomes and builds a prediction rule to assign patients to a
given outcome subtype. The present work also investigates the
apparent distinction of cognitive outcomes from non-cognitive
outcomes and further explores the relevance of ethnicity to postARDS outcome subtypes.
The predictors we identified as relevant differed from the
previously mentioned Canadian study, which found that older
age and longer ICU LOS were important predictors of worse
physical outcomes among survivors.42 Differences in patient
populations may explain, at least partly, the differences in findings, including our specific focus on ARDS patients with higher
severity of illness at the time of ICU admission, as well as other
5
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Distribution of outcomes by subtype in the derivation dataset (mean (SD) or N (%))

Overall
(n=430)
Mean (SD) or N (%)

Mildly impaired
physical and mental
health status (n=94
(22%))
Mean (SD) or N (%)

Moderately impaired
physical and mental
health status (n=166
(39%)) Mean (SD) or
N (%)

Severely impaired
physical and
moderately impaired
mental health status
(n=66 (15%)) Mean
(SD) or N (%)

Severely impaired
physical and mental
health status (n=104
(24%)) Mean (SD) or
N (%)

p value (adjusted
for multiple
comparisons)

 Score (points)

25 (2)

26 (2)

26 (2)

25 (1)

25 (2)

0.09

 Abnormal MMSE
(<24)

60 (15)

12 (14)

22 (14)

7 (11)

19 (19)

0.54

 Score (points)

60 (17)

67 (16)

61 (18)

57 (12)

54 (17)

<0.001

 Abnormal FACIT
(≤68)

293 (72)

47 (53)

114 (72)

51 (81)

81 (83)

<0.001

Instrument*
MMSE (cognition)

FACIT (fatigue)

IES-R (post-traumatic stress disorder symptoms)
 Avoidance subscale
score

1.0 (0.9)

0.8 (0.8)

1.0 (0.9)

0.9 (0.9)

1.5 (1.0)

<0.001

 Intrusion subscale
score

1.1 (1.0)

0.8 (0.7)

1.0 (0.9)

1.0 (0.9)

1.6 (1.1)

<0.001

 Hyperarousal
subscale score

0.9 (1.0)

0.5 (0.6)

0.8 (0.9)

0.9 (0.8)

1.5 (1.1)

<0.001

 Total score

1.0 (0.9)

0.7 (0.7)

0.9 (0.8)

0.9 (0.8)

1.5 (1.0)

<0.001

 Abnormal IES-R
(≥1.6)

97 (24)

9 (10)

30 (19)

14 (22)

44 (45)

<0.001

HADS (anxiety and depression symptoms)
 Anxiety subscale
score

7 (5)

5 (4)

7 (4)

7 (5)

10 (5)

<0.001

 Abnormal HADS-A
(≥8)

168 (41)

20 (22)

61 (38)

28 (44)

59 (61)

<0.001

 Depression subscale
score

6 (5)

5 (4)

6 (4)

7 (4)

8 (5)

<0.001

 Abnormal HADS-D
(≥8)

152 (37)

22 (25)

51 (32)

26 (41)

53 (55)

<0.001

SF-36 v2 – Mental Health (normalised)
 Vitality scale

44 (13)

50 (12)

44 (12)

42 (11)

40 (13)

<0.001

 Social role scale

41 (14)

46 (13)

41 (14)

40 (14)

37 (15)

0.001

 Emotional role scale

41 (15)

48 (13)

42 (15)

39 (15)

35 (15)

<0.001

 Mental health scale

44 (14)

51 (12)

46 (13)

42 (13)

37 (15)

<0.001

 Mental component
 Summary (MCS)
Score

45 (15)

51 (13)

46 (13)

45 (14)

39 (16)

<0.001

13 (15)

37 (23)

17 (27)

38 (38)

0.002

 Abnormal MCS (<35) 105 (25)
FPI-Short Form (physical function)
 Spiritual activities
scale

1.8 (1.1)

1.8 (1.2)

2.0 (1.1)

1.6 (1.2)

1.6 (1.1)

0.038

 Body care scale

2.5 (0.7)

2.7 (0.5)

2.5 (0.7)

2.3 (0.8)

2.5 (0.7)

0.001

 Household
maintenance scale

1.8 (0.9)

2.1 (0.9)

1.8 (0.9)

1.5 (0.8)

1.7 (0.8)

<0.001

 Physical exercise
scale

1.5 (0.9)

1.9 (0.8)

1.6 (0.9)

1.2 (0.8)

1.4 (0.8)

<0.001

 Recreation scale

2.0 (0.9)

2.2 (0.9)

2.0 (0.8)

1.8 (0.8)

1.8 (0.8)

0.003

 Social activities scale 1.8 (1.0)

2.0 (0.9)

1.9 (1.0)

1.6 (1.0)

1.6 (0.9)

0.008

 Total score

2.1 (0.7)

2.0 (0.7)

1.7 (0.7)

1.8 (0.6)

<0.001

42 (12)

37 (14)

30 (10)

33 (12)

<0.001

1.9 (0.7)

SF-36 v2 – physical health (normalised)
 Physical functioning
scale

36 (13)

Continued
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Continued

Instrument*

Overall
(n=430)
Mean (SD) or N (%)

Mildly impaired
physical and mental
health status (n=94
(22%))
Mean (SD) or N (%)

Moderately impaired
physical and mental
health status (n=166
(39%)) Mean (SD) or
N (%)

Severely impaired
physical and
moderately impaired
mental health status
(n=66 (15%)) Mean
(SD) or N (%)

Severely impaired
physical and mental
health status (n=104
(24%)) Mean (SD) or
N (%)

p value (adjusted
for multiple
comparisons)

 Physical role scale

37 (13)

41 (13)

38 (13)

34 (12)

35 (12)

0.002

 Bodily pain scale

43 (12)

47 (12)

44 (12)

39 (11)

39 (11)

<0.001

 General health scale

40 (13)

45 (12)

42 (12)

35 (12)

36 (13)

<0.001

 Physical Component 38 (12)
Summary (PCS) score

42 (11)

39 (13)

33 (10)

36 (11)

<0.001

 Abnormal PCS (<35)

191 (46)

25 (28)

74 (46)

39 (61)

53 (54)

<0.001

0.69 (0.24)

0.79 (0.19)

0.71 (0.23)

0.60 (0.24)

0.63 (0.24)

<0.001

EQ-5D (quality of life)
 Utility

p Value is for any difference among subtypes by an analysis of variance test. For the definition of abnormal for the instruments, we used published norms; for SF-36, we used 1.5
SDs below the population mean. The percentages reported in the table exclude missing patients from the denominator.
*Details of tests and scores, including missingness, as N (%): MMSE (range: 0–30; higher score is better, with <24 indicating impairment; 18 (4%) missing); FACIT fatigue interval
scale score (range: 0–100; higher score is better, with scores <68 indicating fatigue; 22 (5%) missing); IES-R domains (range: 0–4; lower score is better; 25 (6%) missing); IES-R
total score (range: 0–4; lower score is better, with scores ≥1.6 indicating substantial symptoms; 25 (6%) missing); HADS subscale scores for anxiety and depression (for each,
range: 0–21; lower score is better, with scores ≥8 indicating substantial symptoms; 22 (5%) missing); SF-36 v2 mental health domains and MCS Score (mean=50; SD=10;
higher score is better; 18 (4%) missing); FPI-Short Form overall score and subscale scores (for each, range: 0–3; higher score is better; 11 (3%) missing); SF-36 v2 physical health
domains and Physical Component Summary Score (mean=50; SD=10; higher score is better; 18 (4%) missing); EQ-5D utility score (range: −0.11–1.0; higher score is better; 18
(4%) missing).
FACIT, Functional Assessment of Chronic Illness Therapy; FPI, Functional Performance Inventory; HADS, Hospital Anxiety and Depression Scale; IES-R, Impact of Event ScaleRevised; MCS, Mental Component Summary; MMSE, Mini-Mental State Exam.

patient and health system differences reflected by a much shorter
mean hospital LOS in our study (23 vs 49 days).
Among routinely available baseline data, demographic and
lifestyle attributes present at hospital admission were useful in
identifying four distinct subtypes at 6 months post-ARDS. A
subgroup analysis also demonstrated that baseline health status
was associated with subsequent 6-month status. However, this
latter finding does not mean that postdischarge impairments
simply reflect patients’ pre-existing baseline status, since across
all four subtypes, there was a substantial decrement in QOL, with
one-third of patients having a decreased of >1 SD. As corroborative evidence, we also found that the percentage of patients
living at home independently decreased from 91% at baseline
to 45% at 6 months, with similar resulting 6-month residential
status across all four subtypes. These findings are consistent with
studies of sepsis survivors reporting decreased health status,43
or a change in health trajectories.44 Hence, while baseline status
is an important predictor of post-ARDS outcomes, across all
four subtypes, there was a large decline in health status and residential independence after ARDS experienced by a substantial
proportion of patients.
Multiple factors likely explain the observation that markers
of acute disease severity had little association with post-ARDS
health status after hospital discharge.45–48 Acute severity of
illness strongly predicts death: the patients who would have
had the most severe impairments have no outcome assessment
as a result of censoring due to death, given the 21% inpatient
mortality rate.49 This inpatient mortality may also explain the
lack of association between age and outcome. Moreover, among
survivors, ARDS may be such a severe physiological insult that
gradations of severity within ARDS do not result in differences
in health status afterwards. We acknowledge that we were
unable to measure incident delirium, which could be associated
with long-term outcomes, especially cognitive impairment. We
also acknowledge that we had detailed cognitive data only on a
subset of our patient population; a link between acute severity
Brown SM, et al. Thorax 2017;0:1–9. doi:10.1136/thoraxjnl-2017-210337

of illness and cognition, perhaps mediated by delirium,50 cannot
be excluded.
Among the four subtypes, there was only one group, representing
15% of all patients, in which the severity of physical and mental
impairment was not very closely aligned, with patients having severe
physical impairment and only moderate mental health impairment.
It is possible that these individuals were more resilient,51 or that
they had pre-existing physical illness that affected their adaptation
to post-ARDS physical outcomes. The latter explanation may be
supported by these patients being older and less likely to reside
independently at home than patients in the subtype with severe
physical and severe mental impairment. However, there were no
differences in baseline EQ-5D or SF-36 between these subtypes, so
further prospective evaluation is needed.
We acknowledge that we have identified subtypes in this work,
but they may not ultimately resolve to endotypes based on biological mechanisms. While the outcome measures are widely validated
in multiple disease states, the relevant physiological parameters
may not be adequately represented by our outcome measures.
Nevertheless, our findings may have relevance in advancing the
goals of personalised medicine for patients with ARDS.52 53 Several
randomised controlled trials of ICU and post-ICU rehabilitation
interventions have demonstrated improvements in some outcomes,
but not in others,54 55 suggesting a need to identify and target patient
subgroups that may be maximally responsive to a given intervention56 and to consider multimodal interventions.
This analysis has important strengths, including its large sample
size; national, multicentre design; and very high rates of follow-up
to minimise selection bias. However, there are also potential limitations. First, baseline QOL and functional status (including mental
health and cognitive status) cannot be obtained prospectively in
patients with ARDS, leading to potential recall bias affecting our
subgroup analyses. However, these subgroup results were similar
when analysing changes in baseline residential independence, where
residential independence may be a measure of baseline health status
less subject to recall bias. Second, only survivors can be included in
7
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Distribution of predictor variables by outcome subtype in the derivation dataset
Severely
impaired
physical
Severely impaired
and
physical and
mental
moderately
health
impaired mental
status
health status (n=66) (n=104)

p value (adjusted
for multiple
comparisons)

Predictor variable
(Mean (SD) or N (%))*

Overall
(n=430)

Moderately
Mildly impaired
impaired physical
physical and mental and mental health
health status (n=94) status (n=166)

Age

49 (14)

48 (17)

49 (15)

54 (13)

47 (11)

0.01

Female sex

223 (52)

0 (0)

99 (60)

35 (53)

89 (86)

<0.001

Hispanic/Latino ethnicity

33 (8)

0 (0)

1 (1)

1 (2)

31 (30)

<0.001

Nadir respiratory rate

18 (6)

19 (6)

18 (6)

17 (6)

19 (7)

0.09

Body mass index

30 (8)

30 (7)

30 (7)

31 (8)

31 (9)

0.60

AIDS comorbidity

6 (1)

3 (3)

2 (1)

0 (0)

1 (1)

0.51

Pulmonary comorbidity

47 (11)

0 (0)

1 (1)

42 (64)

4 (4)

<0.001

Current smoker†

187 (43)

0 (0)

64 (39)

35 (53)

88 (85)

<0.001

Resides at home with no help

386 (90)

94 (100)

152 (92)

36 (55)

104 (100)

<0.001

Resides at home with informal help

30 (7)

0 (0)

0 (0)

30 (45)

0 (0)

Requires professional help at home OR
residence in healthcare facility

14 (3)

0 (0)

14 (8)

0 (0)

0 (0)

Sepsis as cause of ARDS‡

334 (78)

66 (70)

129 (78)

52 (79)

87 (84)

0.16

ICU LOS

14 (11)

14 (9)

15 (12)

14 (11)

15 (11)

0.75

APACHE III

85 (25)

86 (25)

84 (24)

90 (25)

84 (27)

0.41

PEEP

10 (4)

10 (4)

9 (4)

9 (3)

10 (4)

0.16

Minimum PF

116 (54)

122 (59)

115 (55)

118 (50)

110 (50)

0.41

GCS

8 (3)

8 (4)

9 (3)

9 (3)

8 (4)

0.84

Shock

195 (45)

36 (38)

85 (51)

32 (48)

42 (40)

0.14

Acute illness factors, depicted for purposes
of illustration

*Percentages reported are on the basis of non-missing values.
†At time of hospital admission for ARDS.
‡Either sepsis or pneumonia as primary cause of ARDS.
APACHE III, Acute Physiology and Chronic Health Evaluation score; ARDS, acute respiratory distress syndrome; GCS, Glasgow Coma Scale score; ICU LOS: intensive care unit
length of stay; PEEP, positive End expiratory pressure; PF, arterial oxygen tension (or pressure):ifractional inspired oxygen ratio

analyses of health status outcomes. However, the low mortality rate
after discharge may limit such bias arising from censorship due to
death, at least among hospital survivors. Third, our study population was ARDS survivors from large-scale clinical trials with strict
inclusion and exclusion criteria, which may limit generalisability
to general ICU populations or even patients with ARDS outside
research centres. Fourth, while we used separate derivation and
validation datasets, we did not employ a wholly external dataset
for validation; future research should include external validation.
Fifth, while the instruments are well validated in large cohorts, it
is possible that some of the association with Latino ethnicity could
be mediated by ethnic differences in responses to instruments. We
think this is unlikely given extensive prior validation of these instruments but cannot exclude it entirely.

Conclusion

In this national, prospective study of ARDS survivors, we identified four post-ARDS outcome subtypes based on baseline predictors
and health status outcomes at 6 months. Physical health and mental
health impairments were closely associated with each other, while
cognitive impairment was not associated with either. Forty-one per
cent of patients were in the moderate physical and mental health
impairment subtype. Patients in every subtype suffered decreases
from baseline health status. Outcome subtype membership was
8

predicted by sex, ethnicity and pre-ARDS smoking status, with
female Latino smokers having the poorest status, and male
non-Latino non-smokers having the best status. This information
can help inform the design of future interventions to improve postARDS patient outcomes, including evaluations of combined physical and mental health interventions as well as distinct interventions
to improve cognitive outcomes.
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