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Abstract 

Purpose: To evaluate (1) post-discharge healthcare utilization and estimated costs in ARDS survivors, and (2) the 
association between patient and intensive care-related variables, and 6-month patient status, with subsequent hospi-
talization and costs.

Methods: Longitudinal cohort study enrolling from four ARDSNet trials in 44 US hospitals. Healthcare utilization 
was collected via structured interviews at 6 and 12 months post-ARDS, and hospital costs estimated via the Medical 
Expenditure Panel Survey. Adjusted odds ratios for hospitalization and adjusted relative medians for hospital costs 
were calculated using marginal two-part regression models.

Results: Of 859 consenting survivors, 839 (98%) reported healthcare utilization, with 52% female and a mean age of 
49 years old. Over 12 months, 339 (40%) patients reported at least one post-discharge hospitalization, with median 
estimated hospital costs of US$18,756 (interquartile range $7852–46,174; 90th percentile $101,500). Of 16 patient 
baseline and ICU variables evaluated, only cardiovascular comorbidity and length of stay were associated with hos-
pitalization, and sepsis was associated with hospital costs. At 6-month assessment, better patient-reported physical 
activity and quality of life status were associated with fewer hospitalizations and lower hospital costs during subse-
quent follow-up, and worse psychiatric symptoms were associated with increased hospitalizations.

Conclusions: This multicenter longitudinal study found that 40% of ARDS survivors reported at least one post-
discharge hospitalization during 12-month follow-up. Few patient- or ICU-related variables were associated with 

*Correspondence:  parker.ruhl@nih.gov 
1 National Heart, Lung, and Blood Institute, National Institutes of Health, 
10 Center Dr., Room 6240C, Bethesda, MD 20892, USA
Full author information is available at the end of the article

A. Parker Ruhl and Minxuan Huang contributed equally as co-first authors.

Take-home message: In this national, multicenter prospective 
longitudinal study of ARDS survivors, 339 (40%) patients reported at least 
one hospitalization within 1 year and median estimated post-discharge 
hospital costs of US$18,756 (interquartile range $7852–46,174; 90th 
percentile $101,500), with 85/339 (25%) patients hospitalized within 
30 days of discharge. Better patient-reported physical activity and quality 
of life measures at 6-month follow-up were consistently associated with 
both fewer subsequent hospitalizations and lower costs in the following 
6 months, while worse psychiatric symptoms were associated with 
increased hospitalizations.
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Introduction
Survivors of critical illness, such as acute respiratory dis-

tress syndrome (ARDS), commonly experience long-term 

morbidity after hospital discharge, including physical, 

cognitive, and mental health impairments [1–7]. Previ-

ous ARDS studies demonstrate that hospitalization in the 

year post-ARDS is common [7–9]. However, the timing, 

risk factors, and associated costs for these post-discharge 

hospitalizations are not well understood, and most exist-

ing studies are single-centered with modest samples sizes 

[10]. Hence, using a national, multicenter cohort of 839 

ARDS survivors from four randomized trials conducted 

by the National Heart, Lung and Blood Institute’s ARDS 

Network (ARDSNet), we evaluated the longitudinal 

association of patient baseline and ICU-related expo-

sures with post-discharge hospitalizations and associated 

healthcare costs during 1-year follow-up. In addition, we 

evaluated the association of patient-reported measures of 

physical function, psychiatric symptoms, cognitive func-

tion, and quality of life (QOL) at 6  months post-ARDS 

with subsequent 6- to 12-month hospitalizations and 

associated healthcare costs.

Methods
Study cohort

�is analysis was conducted as part of the ARDS Net-

work Long-Term Outcomes Study (ALTOS), which 

prospectively followed survivors from four national, mul-

ticenter randomized controlled trials (RCTs): ALTA trial 

(nebulized albuterol vs. placebo), EDEN (early versus 

delayed enteral nutrition), OMEGA (nutritional supple-

ments vs. placebo), and SAILS (rosuvastatin versus pla-

cebo) [11–14]. We pooled patients from the intervention 

and control groups of these RCTs on the basis that the 

trials have similar enrollment criteria and no significant 

effects of the interventions on patients’ short- or long-

term outcomes [11–18]. Consecutive, mechanically ven-

tilated ARDS patients were enrolled from November 

2006 to September 2013. Patients were enrolled across 44 

hospitals within 48 h of ARDS onset and 72 h of initia-

tion of mechanical ventilation. ARDSNet exclusion crite-

ria have been reported previously [11–14] and included 

severe comorbid malnutrition or lung, liver, or neuro-

muscular diseases; or limitations in life support at time of 

eligibility. For prospective follow-up at 6 and 12 months 

post-ARDS via the ALTOS study, survivors of these four 

ARDSNet trials were excluded, on an a priori basis, if they 

had preexisting cognitive impairment prior to admission 

(ascertained via medical records and/or patient/proxy 

report) or were non-English-speaking, homeless, or less 

than 18 years old. Across all participating intensive care 

units (ICU), these participants were managed with sim-

plified versions of lung-protective mechanical ventilation 

and fluid conservative hemodynamic management proto-

cols, with blood glucose control aimed at 80–150 mg/dL 

(tighter glucose control was permitted). �e institutional 

review boards of all participating hospitals approved this 

study. Informed consent was obtained from patient or a 

proxy.

Baseline patient- and ICU-related exposures

Baseline patient-related exposures included age, gen-

der, race (White vs. non-White based on patient/family 

report), estimated household income (based on zip code), 

healthcare insurance status (i.e., private insurance, Medi-

care, Medicaid, dual-eligibility for Medicare and Medic-

aid, or no coverage), obesity (body mass index (BMI) at 

least 30 kg/m2), and the following comorbidities: diabetes 

mellitus, chronic pulmonary disease, or cardiovascular 

disease. ICU-related exposures included Acute Physiol-

ogy and Chronic Health Evaluation (APACHE) III sever-

ity of illness score, ARDS risk factor (sepsis vs. all others), 

performance of tracheotomy during ICU stay, and ICU 

length of stay (LOS).

Exposures collected 6  months post-ARDS included (1) 

physical function, evaluated via the Functional Perfor-

mance Inventory Short Form (FPI) (total score, and the 

physical exercise, maintaining house, and body care sub-

scales scores) [19]; (2) psychiatric symptoms, evaluated via 

the Hospital Anxiety and Depression Scale (HADS) [con-

tinuous and binary (at least 8) scores for anxiety and for 

depression symptoms] [20], and the Impact of Event Scale-

Revised (IES-R) [continuous and binary (at least 1.6) scores 

for post-traumatic stress disorder (PTSD) symptoms] [21]; 

(3) cognitive function, evaluated via the Mini-Mental Sta-

tus Exam (MMSE) [22], [continuous and binary (less than 

24)] scores for abnormal cognition); and (4) QOL, evalu-

ated via the EQ-5D visual analogue scale (VAS) and utility 

score [23], and the Short Form-36 version 2 Health Sur-

vey (SF-36v2) physical and mental component scores (PCS 

and MCS, respectively) [24]; and (5) healthcare insurance 

status. Continuous variables were rescaled by previously 

hospitalization; however, physical, psychiatric, and quality of life measures at 6-month follow-up were associated 
with subsequent hospitalization. Interventions to reduce post-ARDS morbidity may be important to improve patient 
outcomes and reduce healthcare utilization.

Keywords: Patient readmission, Healthcare, Cost, Quality of life, Critical illness
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reported estimated minimally important difference (MID) 

(i.e., EQ-5D utility score, SF-36v2 PCS and MCS, and 

HADS subscales) [25–27]; or by half their standard devia-

tion (SD) if the MID data have not been clearly established 

(i.e., FPI, MMSE, IES-R, and EQ-5D VAS) as per existing 

recommendations [28].

Outcome measures: post-discharge healthcare utilization 

and estimated costs over 1-year follow-up

Data on healthcare utilization were self-reported via 

structured interviews at 6- and 12-month follow-up. �e 

data collection instrument was adapted from previous 

studies [2, 29, 30], and included inpatient admission type 

(hospitalization, skilled nursing facility, or rehabilitation 

facility), admission and discharge dates, and admission 

category for hospitalizations, and outpatient healthcare 

utilization. �e healthcare utilization interviews were 

conducted using a detailed six-page case report form 

focused on healthcare utilization. Patients were asked 

questions about each individual type of healthcare uti-

lization and queried about “landmark” personal events, 

such as birthdays and holidays, to improve temporal 

recall of events, as done in other surveys [31]. If patients 

had difficulty with recall, proxy respondents assisted in 

data reporting.

We evaluated direct medical costs of healthcare utili-

zation from the payer perspective (Fig. 1) [10]. Using the 

Medical Expenditure Panel Survey (MEPS), a nationally 

representative healthcare utilization and cost database 

[32], we calculated the estimated costs associated with 

post-discharge healthcare utilization (additional detail 

in electronic supplementary material). All costs are 

reported in 2014 US dollars.

Statistical analysis

Patient baseline and ICU-related exposures were com-

pared between patients with vs. without any hospitali-

zation over 12-month follow-up using Chi-squared tests 

(categorical variables) and two-sample t tests (continuous 

variables). Hospitalization, rather than all healthcare uti-

lization, was selected for analysis to facilitate comparabil-

ity to international healthcare systems given that access 

to skilled nursing and rehabilitation facilities can vary 

across countries. Notably, the study outcome data had 

the following characteristics: (1) the binary presence vs. 

absence of a hospitalization in each 6-month time frame; 

and (2) among those with any hospitalization, a positively 

skewed cost distribution. Consequently, we evaluated 

each exposure variable’s association with hospital costs 

using a marginal longitudinal two-part regression model 

[29, 33]. We built a two-part “base model” that includes a 

main effect of time (12- vs. 6-month follow-up), and rel-

evant covariates based on prior related research [29, 33], 

in both the logistic model for presence vs. absence of a 

hospitalization and the linear model for the logarithm of 

cost among those hospitalized. In addition, we evaluated 

the association between patient status at 6-month follow-

up with hospitalizations and estimated hospital costs 

incurred during the subsequent 6- to 12-month follow-

up period using a marginal two-part regression model. 

To avoid overfitting this regression model, we individu-

ally added each 6-month exposure variable to our multi-

variable “base model” as previously described.

To evaluate the association of patient and ICU-related 

exposures with the time to first hospitalization, we used 

the Fine and Grey proportional subdistribution hazard 

regression model incorporating death as a competing risk 

[34]. In order to avoid overfitting the model, we created a 

base model with age, gender, race, estimated household 

income, and baseline healthcare coverage and then added 

other covariates individually to the model. �is analysis 

was performed separately for time to first hospitaliza-

tion within 30 days, and within 12 months, after hospital 

discharge.

For each regression model, we verified the linearity of 

each continuous exposure variable with the study out-

comes by examining locally weighted scatterplot smooth-

ing (LOWESS) of residuals from the regression model. In 

the multivariable models, multi-collinearity was evalu-

ated using variance inflation factors. �e Hosmer–Leme-

show test confirmed model fit in logistic regressions 

models. Statistical significance was defined as P  <  0.05. 

Statistical analyses were performed using Stata 13.1 

(StataCorp, College Station, TX), and SAS 9.4 (SAS Insti-

tute, Cary, NC; NLMIXED procedure with 10 quadrature 

points).

Results
Patient characteristics and healthcare utilization

Of 859 consenting ARDS survivors, 839 (98%) reported 

healthcare utilization at 6- and/or 12-month follow-up 

(Fig.  2). �e vast majority of survivors [97% (812/839)] 

were living at home pre-ARDS. Comparing baseline 

patient and ICU-related exposures between patients with 

(n  =  339, 40%) vs. without (n  =  500, 60%) any hospi-

talization during 12-month follow-up, patients with any 

hospitalization were relatively older, more likely to have 

healthcare insurance, and to have diabetes mellitus and 

cardiovascular disease at baseline (Table 1).

During 12-month follow-up, these 839 patients had a 

median [interquartile range (IQR)] of 1 (1–2) hospitali-

zation, with 8 (3–20) days in hospital (Table 2), with 210 

(30%) of these hospital admissions being for pneumonia 

or other infection (eTable  1). Of the 339 patients hos-

pitalized, 94 (28%) had an ICU stay, with median (IQR) 

ICU LOS of 6 (3–13) days, with 47 (50%) of these 94 ICU 
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patients requiring mechanical ventilation for 8 (3–14) 

days (eTable  2). A total of 4% (32/815) and 3% (21/764) 

of patients reported requiring renal dialysis at 6- and 

12-month follow-up, respectively. �e incidence of new 

dialysis requirements in survivors not receiving dialysis 

prior to ARDS was 3% (23/815) and 2% (12/764), respec-

tively. A total of 100 (12%) and 171 (20%) patients had at 

least one skilled nursing facility and rehabilitation facil-

ity stay, respectively, with total stays of 50 (23–134) and 

20 (10–30) days, respectively. �e vast majority (88%) 

of nursing and rehabilitation facility stays occurred dur-

ing the initial 6-month follow-up period (eFigure  1). 

�e median (IQR) cost for follow-up for all inpatient 

care (e.g., hospitalizations, skilled nursing facility, and 

rehabilitation facility stay) was $16,800 ($6200–41,300) 

with 81% attributable to post-discharge hospitalization 

(Table 2).

Outpatient Utilization and Costs

During the 12-month follow-up, 739 (88%) ARDS survi-

vors visited a primary care provider and 716 (85%) vis-

ited at least one specialist physician, with pulmonology, 

cardiology, and psychiatry being the most frequently 

visited subspecialty physicians (eTables  4 and 5). �e 

median (IQR) total outpatient cost was $6761 ($3590–

12,037). �e number of patients who required outpatient 

services from a physical therapist or occupational thera-

pist was 382 (46%) and 162 (19%), respectively, while 148 

(18%) visited a psychiatrist and 393 (48%) used psychiat-

ric medication(s). Physical therapy and psychiatric visits 

were the two most costly outpatient categories (eTable 4).

Baseline patient- and ICU-related exposures associated 

with 1-year hospitalization and costs

Cardiovascular comorbidity (odds ratio (OR) and 95% 

confidence interval (CI) 1.39, 1.00–1.92, P = 0.049) and 

ICU LOS (1.10, 1.01–1.19, per week, P  =  0.023) were 

associated with hospitalization after discharge, while 

sepsis (as an ARDS risk factor) was associated with 60% 

higher costs of hospitalization after discharge (relative 

median and 95% CI 1.60, 1.15–2.22, P = 0.005). Patient 

age, gender, race, estimated household income, and 

healthcare coverage were not independently associated 

with hospitalization or costs.

Fig. 1 Costing of post-discharge healthcare utilization in ARDS survivors. ARDS acute respiratory distress syndrome. No. number. aAgency for 

Healthcare Research and Quality (AHRQ), Medical Expenditure Panel Survey. Accessed on 1 Aug 2016. Available from https://meps.ahrq.gov/

mepsweb/. bMetlife Mature Market Institute. Market survey of long-term care costs. Accessed on 10 Sept 2016. Available from https://www.metlife.

com/assets/cao/mmi/publications/studies/2012/studies/mmi-2012-market-survey-long-term-care-costs.pdf. cClinical Social Work Association. 

Accessed on 10 Sept 2016. Available from http://www.clinicalsocialworkassociation.org/Medicare. dClermont G, Kong L, Weissfeld LA, Lave JR, 

Rubenfeld GD, Roberts MS, Connors AF Jr, Bernard GR, Thompson BT, Wheeler AP, Angus DC, Network NACT (2011) The effect of pulmonary artery 

catheter use on costs and long-term outcomes of acute lung injury. PLoS One 6:e22512

https://meps.ahrq.gov/mepsweb/
https://meps.ahrq.gov/mepsweb/
https://www.metlife.com/assets/cao/mmi/publications/studies/2012/studies/mmi-2012-market-survey-long-term-care-costs.pdf
https://www.metlife.com/assets/cao/mmi/publications/studies/2012/studies/mmi-2012-market-survey-long-term-care-costs.pdf
http://www.clinicalsocialworkassociation.org/Medicare
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6-month patient status associated with 6- to 12-month 

hospitalization and costs

Better physical function and QOL measures at 6-month 

assessment were consistently associated with decreased 

hospitalization and hospital costs in the subsequent 

6-month follow-up period (Table  4). For example, an 

improvement in self-reported overall physical function-

ing (i.e., a 0.5 SD increase in FPI total score) was associ-

ated with lower odds of hospitalization (OR and 95% CI 

0.81, 0.72–0.90, P < 0.001) and 17% lower hospital costs 

(relative median and 95% CI 0.83, 0.76–0.90, P < 0.001). 

Symptoms of depression and anxiety, but not PTSD 

Fig. 2 Patient flow chart. aReason and number of patients not providing health utilization data at 6 and 12 months, respectively: suspected drug/

alcohol influence 1 and 0, cognitively incapable 3 and 8, on ventilator 3 and 3, patients incarcerated 7 and 6, mentally incapable 5 and 7, physically 

incapable 8 and 18, fatigue 7 and 5, and refusal 10 and 19
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symptoms, were positively associated with hospitaliza-

tion. Better cognitive function (as measured by MMSE 

score) was associated with 7% lower hospital costs (0.93, 

0.86–0.99, per 0.9 unit, P = 0.035).

Timing of �rst hospitalization

A total of 85 (25%) of the 339 patients ever hospital-

ized during 12-month follow-up, or 10% of the entire 

839-patient cohort, had a hospital readmission within 

30  days after discharge, with a median (IQR) time to 

hospitalization of 10 (3–17) days and the most com-

mon admission category (20% of readmitted patients) 

being pneumonia. Higher median estimated household 

income was associated with earlier hospitalization, with 

adjusted hazard ratio (HR; 95% CI) of 1.12 (1.02–1.22, 

P  =  0.013) per $10,000 increase in estimated income 

(eTable 6).

Among the 339 patients ever readmitted to the hospital 

over the 12-month follow-up, the median (IQR) time to 

readmission was 101 (25–219) days. ICU LOS was inde-

pendently associated with a shorter time to readmission 

(adjusted HR (95% CI) 1.04 (1.02–1.05), P  <  0.001, per 

week) (eTable 7).

Discussion
In this national, multicenter, longitudinal study of 839 

ARDS survivors, 40% were hospitalized over 12-month fol-

low-up, with 25% of those readmitted within 30 days after 

discharge from their index ARDS hospitalization. ARDS 

survivors who were hospitalized had a median (IQR) of 8 

Table 1 Patient characteristics, by hospitalization status

SD standard deviation, no. number, APACHE Acute Physiology and Chronic Health Evaluation, ARDS acute respiratory distress syndrome, ICU intensive care unit

Bold values represent statistical signi�cance P < 0.05

a P value calculated by two-sample t test or Chi-squared test

b Estimated household income is based on zip code of residence

c Variables with missing data (n, %): healthcare insurance status (162, 19%), obesity (2, <1%), APACHE III (25, 3%), ICU length of stay (6, 1%)

d Column percentages may not add to 100% due to rounding

e Obesity de�ned as body mass index (BMI) ≥30 kg/m2

f Cardiovascular disease comorbidity was de�ned as having at least one of the following: hypertension, prior myocardial infarction, chronic heart failure, peripheral 

vascular disease, or prior stroke

g Less common comorbidities include (%) immune suppression (8), arthritis (6), peptic ulcer disease (4), cirrhosis (3), leukemia (2), hemodialysis (2), acquired 

immunode�ciency syndrome (AIDS) (2), solid tumor with metastasis (1), non-Hodgkin’s lymphoma (1), hepatic failure (0), dementia (0)

h A total of 19% (162/839) of patients were documented to have had acute renal failure or received renal replacement therapy during the �rst 7 days in the ICU

i The vast majority [96% (803/839)] of ALTOS patients were discharged from their study site hospital without receiving mechanical ventilation

Variables Total (n = 839) Patients with any hospi-
talization (n = 339)

Patients with no hospitali-
zation (n = 500)

Pa

Patient baseline data

 Age, year, mean (SD) 49 (15) 51 (14) 48 (15) 0.009

 Female, no. (%) 439 (52) 191 (56) 248 (50) 0.055

 White, no. (%) 669 (80) 276 (81) 393 (79) 0.319

 Estimated  incomeb, mean (SD), $10,000 5.1 (1.9) 5.1 (1.9) 5.2 (2.0) 0.469

 Healthcare  insurancec, no. (%) 576 (85) 242 (89) 334 (82) 0.020

 Insurance  typec,d, no. (%) 0.056

  Private insurance 241 (36) 90 (33) 151 (37)

  Medicare 182 (27) 82 (30) 100 (25)

  Medicaid 95 (14) 43 (16) 52 (13)

  Dual Medicare and Medicaid 58 (9) 27 (10) 31 (8)

  No insurance 101 (15) 30 (11) 71 (18)

 Obesityc,e, no. (%) 395 (47) 161 (48) 234 (47) 0.833

 Diabetes mellitus, no. (%) 198 (24) 100 (30) 98 (20) 0.001

 Cardiovascular  diseasef, no. (%) 385 (46) 178 (53) 207 (41) 0.002

 Chronic pulmonary  diseaseg, no. (%) 102 (12) 49 (14) 53 (11) 0.094

ICU-related baseline  datah,i

 APACHE III  scorec, mean (SD) 86 (26) 88 (28) 85 (25) 0.150

 Sepsis as ARDS risk factor, No. (%) 664 (79) 270 (80) 394 (79) 0.767

 Tracheostomy in ICU, no. (%) 111 (13) 51 (15) 60 (12) 0.202

 ICU length of stay (days)c, mean (SD) 14 (16) 16 (22) 14 (10) 0.059
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(3–20) hospital days, with estimated median (IQR) hos-

pital cost of $18,756 ($7852–46,174). Few baseline factors 

were associated with increased healthcare utilization or 

cost. Out of 16 baseline variables evaluated, only cardio-

vascular comorbidity and ICU LOS were associated with 

increased hospitalizations, and sepsis as a risk factor for 

ARDS was associated with higher hospital costs. Impor-

tantly, patients’ physical function and QOL at the 6-month 

assessment were associated with both hospitalization and 

hospital costs in the subsequent 6-month period.

Our study, the largest prospective, 1-year follow-up 

study of ARDS survivors’ healthcare utilization to-date, 

supports the findings of prior smaller studies, including a 

prior multicenter ARDSNet study evaluating pulmonary 

artery catheter use [8], that healthcare utilization is high 

in the year after ARDS, with over one-third of patients 

hospitalized. Our finding that 10% of patients were 

readmitted within 30 days is consistent with prior stud-

ies focused on sepsis and general ICU survivors, which 

report 10–26% rehospitalization rates within 30 days [29, 

35–38]. While our study demonstrated that higher esti-

mated household income was independently associated 

with 30-day readmission, prior findings have been mixed 

regarding this issue [35, 39]. Heterogeneity in patient 

populations and international differences in healthcare 

systems may limit the comparability of these results.

Our study demonstrated that ICU LOS was associated 

with hospital readmission, in contrast to a multicenter 

Canadian study of patients receiving at least 7  days of 

mechanical ventilation, which demonstrated that ICU 

LOS was associated with ICU readmission, but not asso-

ciated with hospital readmission [40]. �is contrast may 

Table 2 Hospital, skilled nursing, and rehabilitation facility data during 12-month follow-up after acute respiratory dis-

tress syndrome

Costs reported in 2014 US dollars. Mean (standard deviation) of healthcare cost data are provided in eTable 3

no. number, IQR interquartile range

a Sample size indicates number of patients eligible for follow-up with any healthcare utilization data for each time period. During follow-up, n = 815 and n = 764 

patients reported healthcare utilization data at 6- and 12-month follow-up, respectively, with a total of 839 patients ever reporting any healthcare utilization data 

during the entire 1-year follow-up period

b Percentages calculated by number of patients utilizing service divided by sample size in each follow-up time period

c Reported admissions with missing length of stay data (23 of 634 (3.6%) admissions) had length of stay imputed using the cohort median for each admission type 

(hospitalization, skilled nursing, or rehabilitation) and admission category (for hospitalization only). The length of stay is described as the median number of days per 

patient within each follow-up time period. The total length of stay represents the median total number of days over 12-month follow-up period

Discharge to 6 months (n = 815)a 6 to 12 months (n = 764)a Total 1 year (n = 839)a

Hospital

 Patients using  serviceb, no. (%) 220 (27) 177 (23) 339 (40)

 No. admissions, median (IQR) 1 (1–2) 1 (1–2) 1 (1–2)

 Length of  stayc, days, median (IQR) 7 (3–19) 6 (3–14) 8 (3–20)

 Cost per patient, $, median (IQR) 15,600 (5900–46,000) 15,400 (7900–31,200) 18,800 (7900–46,000)

 Total cohort cost, $ (%) 8,914,000 (61) 5,732,000 (39) 14,645,600 (100)

Skilled nursing facility stay

 Patients using  serviceb, no. (%) 94 (12) 19 (2) 100 (12)

 No. of admissions, median (IQR) 1 (1–1) 1 (1–1) 1 (1–2)

 Length of  stayc, days, median (IQR) 45 (21–126) 60 (30–142) 50 (23–134)

 Cost per patient, $ median (IQR) 8700 (4100–24,400) 11,600 (5800–27,500) 9700 (4400–26,000)

 Total cohort cost, $ (%) 1,529,600 (81) 364,300 (19) 1,894,000 (100)

Rehabilitation facility stay

 Patients using  serviceb, no. (%) 159 (20) 18 (2) 171 (20)

 No. of admissions, median (IQR) 1 (1–1) 1 (1–1) 1 (1–1)

 Length of  stayc, days, median (IQR) 19 (10–30) 16 (7–21) 20 (10–30)

 Cost per patient, $, median (IQR) 6500 (3400–10,200) 5300 (2400–7200) 6800 (3400–10,200)

 Total cohort cost, $ (%) 1,489,900 (93) 115,700 (7) 1,605,600 (100)

Summary of all healthcare utilization

 Patients using  serviceb, no. (%) 376 (46) 192 (25) 462 (55)

 No. of admissions, median (IQR) 1 (1–2) 1 (1–2) 2 (1–3)

 Length of  stayc, days, median (IQR) 20 (7–51) 8 (4–20) 19 (7–47)

 Cost per patient, $, median (IQR) 11,100 (5100–32,100) 15,800 (7800–31,700) 16,800 (6200–41,300)

 Total cohort cost, $ (%) 11,933,200 (66) 6,211,900 (34) 18,145,100 (100)
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be due to differences in healthcare systems, including 

availability of ICU beds and ICU admission practices, 

between the USA and Canada.

One-year post-ARDS hospital costs [mean (SD) $43,200 

($72,400)] (eTable 3) were higher than reported for sepsis 

[mean (95% CI) $17,601 ($14,803, $20,398)] in a Canadian 

cohort [41], but less than 1-year costs after prolonged 

mechanical ventilation in a single-center American cohort 

[$64,372 ($102,402)] [42]. �ese post-ARDS hospital costs 

are substantially greater than costs for patients who were 

hospitalized (at least once) during a yearlong period for 

other common medical conditions [e.g., chronic obstruc-

tive pulmonary disease and congestive heart failure: 

$2457 ($6462) and $2744 ($19,050), respectively] [43]. (All 

cost comparisons are reported in 2014 US dollars.)

Few critical care studies have evaluated the impact of 

post-discharge patient status on subsequent hospitaliza-

tions. A single-center, 5-year longitudinal follow-up of 

ARDS survivors in Baltimore, Maryland (ICAP study) [9], 

demonstrated similar findings to our multicenter national 

study, including both increased rates of hospitalization and 

increased cost with worse physical function and poorer 

quality of life. However, in addition, this ARDSNet study 

found that worse depressive and anxiety symptoms were 

associated with increased hospitalization, in contrast to the 

ICAP study and another single-center study [29, 44]. �ese 

prior studies may have been underpowered to detect such 

an association. Given that physical therapy and psychiatric 

visits were the two most costly outpatient categories, it is 

important to further highlight that physical impairment 

and mental health are important post-ARDS issues.

Although a number of attempted novel interventions have 

been unable to improve ICU survivor outcomes, our data 

demonstrate that potentially modifiable post-ARDS meas-

ures, such as physical function, are associated with subse-

quent hospitalizations. Hence, further efforts to devise and 

Table 3 Longitudinal evaluation of baseline exposures’ association with follow-up hospitalizations and associated costs 

after acute respiratory distress syndrome over 12 months

CI con�dence interval, APACHE Acute Physiology and Chronic Health Evaluation, ICU intensive care unit

Bold values represent statistical signi�cance P < 0.05

a The most common hospital admission categories for readmissions were (eTable 1) infection 109 (16%), pneumonia 101 (15%), gastrointestinal 94 (14%), respiratory 

(excluding pneumonia) 85 (12%), and cardiovascular 54 (8%)

b P values were calculated using multivariable logistic regression analysis of patients with any versus no hospitalization

c P values were calculated using multivariable linear regression analysis of log-transformed admission care costs associated with hospitalization

d Estimated household income is based on zip code of residence

e Obesity is de�ned as body mass index (BMI) ≥30 kg/m2

Variables Any  hospitalizationa Hospitalization costs

Odds ratio (95% CI) pb Relative median (95% CI)

Baseline patient data

 Age, per 10 years 1.04 (0.93, 1.16) 0.471 0.95 (0.85, 1.07) 0.423

 Female 1.06 (0.79, 1.41) 0.706 1.28 (0.98, 1.67) 0.065

 White 1.07 (0.74, 1.56) 0.707 0.83 (0.58, 1.19) 0.312

 Estimated  incomed, per $10,000 0.99 (0.94, 1.05) 0.772 1.04 (0.97, 1.11) 0.307

 Healthcare insurance

  Private insurance Ref Ref Ref Ref

  Medicare 1.19 (0.85, 1.67) 0.319 0.98 (0.69, 1.40) 0.874

  Medicaid 1.44 (0.94, 2.21) 0.095 1.04 (0.68, 1.58) 0.865

  Medicare and medicaid 1.25 (0.69, 2.25) 0.465 1.57 (0.96, 2.59) 0.073

  No insurance 0.72 (0.42, 1.22) 0.224 1.23 (0.76, 1.99) 0.397

 Obesitye 0.76 (0.56, 1.02) 0.066 0.96 (0.73, 1.27) 0.773

 Cardiovascular disease 1.39 (1.00, 1.92) 0.049 1.11 (0.82, 1.50) 0.483

 Diabetes mellitus 1.33 (0.95, 1.86) 0.091 1.22 (0.89, 1.67) 0.213

 Chronic pulmonary disease 1.31 (0.94, 1.81) 0.106 1.16 (0.80, 1.67) 0.440

Baseline ICU-related data

 APACHE III, per 20 0.97 (0.87, 1.09) 0.656 1.03 (0.93, 1.14) 0.591

 Sepsis as a risk factor 0.86 (0.61, 1.21) 0.382 1.60 (1.15, 2.22) 0.005

 Tracheostomy in ICU 1.12 (0.74, 1.71) 0.582 1.35 (0.93, 1.96) 0.117

 ICU length of stay, per week 1.10 (1.01, 1.19) 0.023 0.97 (0.93, 1.01) 0.156

 Follow-up (12 vs. 6-month) 0.95 (0.72, 1.26) 0.714 0.87 (0.68, 1.10) 0.243
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evaluate care models and interventions to improve post-

ICU physical function may be important for improving both 

patient outcomes and post-ICU healthcare costs.

�e strengths of this study include its relatively large 

size and its multicenter, national, prospective, longitudi-

nal design, with a high cohort retention rate (92%) and 

detailed data on post-discharge patient status and health-

care utilization. However, this study has potential limita-

tions. First, this study enrolled patients from ARDSNet 

RCTs that had exclusions for severe pre-existing disease 

and survivors had a mean age of 49 years old, which may 

limit generalizability of these findings to other ARDS and 

non-ARDS patients. In addition, the exclusion of patients 

with baseline poor cognitive function and homelessness 

may further impact generalizability to all critically ill 

patients. However, our findings on frequency of health-

care utilization were similar to a separate observational 

study of ARDS survivors with fewer exclusion criteria 

[9], thus helping support generalizability. Second, base-

line measures of healthcare utilization, physical func-

tion, and psychiatric symptoms were not available to 

determine whether post-ARDS healthcare utilization 

and patient status differed from pre-ARDS status [3, 36]. 

However, a population-based ICU study in Scotland [3] 

and a study of severe sepsis [36] both found excess hospi-

talization in ICU survivors compared to general hospital 

populations. �ird, healthcare utilization data were self-

reported, potentially leading to an underestimate due to 

recall bias [45], and excluded data for patients who died 

prior to follow-up. Fourth, this observational study does 

not establish a cause and effect between exposures and 

outcomes; hence, it is possible that, for example, poor 

physical function, psychiatric symptoms, and hospitaliza-

tion may be represent pre-existing problems that may not 

Table 4 Evaluation 6-month follow-up exposures’ association with 6- to 12- month follow-up hospitalization and associ-

ated costs after acute respiratory distress syndrome

Bold values represent statistical signi�cance P < 0.05

a Each post-discharge 6-month exposure was added separately to a base model that adjusted for all the baseline exposures presented in Table 3, with the outcome 

variable being evaluated during the subsequent 6- to 12-month follow-up period

b P values were calculated using multivariable logistic regression analysis of patients with any versus no hospitalization during 6- to 12-month follow-up

c P values were calculated using multivariable linear regression analysis of log-transformed costs associated with hospitalization during 6- to 12-month follow-up

d FPI, IES-R score, MMSE, and EQ-5D VAS were scaled by one-half of the standard deviation within this study cohort to approximate a minimally important di�erence 

[28]

e HADS, EQ-5D-utility score, SF-36v2 PCS, and MCS were scaled by the reported minimally important di�erence

f Depression and anxiety symptoms de�ned by HADS scores >8

g PTSD de�ned by IES-R score >1.6

Variables from 6-month follow-up, individually added to base  modela Any hospitalization Hospitalization costs

Odds ratio (95% CI) pb Relative median (95% CI) pc

Functional status—Functional Performance  Inventoryd

 FPI total score, per 0.35 points 0.81 (0.72, 0.90) <0.001 0.83 (0.76, 0.90) <0.001

 Physical exercise subscale, per 0.43 points 0.74 (0.65, 0.84) <0.001 0.86 (0.78, 0.94) 0.001

 Maintaining house subscale, per 0.45 points 0.79 (0.71, 0.88) <0.001 0.82 (0.75, 0.90) <0.001

 Body care subscale, per 0.32 points 0.88 (0.79, 0.98) 0.016 0.81 (0.73, 0.89) <0.001

Psychiatric symptoms

 HADS-depression  subscalee, per 1.5 1.08 (1.01, 1.15) 0.016 1.06 (0.99, 1.13) 0.080

 Depression (binary variable)f 1.65 (1.08, 2.53) 0.021 1.42 (0.97, 2.07) 0.069

 HADS-anxiety  subscalee, per 1.5 1.07 (1.00, 1.14) 0.035 1.04 (0.98, 1.11) 0.202

 Anxiety (binary variable)f 1.26 (0.82, 1.92) 0.291 1.31 (0.88, 1.96) 0.179

 IES-R  scored, per 0.4 1.09 (0.99, 1.20) 0.060 1.03 (0.95, 1.12) 0.490

 PTSD (binary variable)g 1.34 (0.82, 2.18) 0.246 0.96 (0.63, 1.45) 0.839

Cognition—Mini-Mental Status Exam

 Score, per 0.9 0.92 (0.82, 1.04) 0.163 0.93 (0.86, 0.99) 0.035

 Score ≤24 1.34 (0.79, 2.27) 0.283 1.40 (0.91, 2.16) 0.124

Quality of life (QOL)

 Equation 5D  VASd, per 10 0.83 (0.76, 0.91) <0.001 0.91 (0.84, 0.98) 0.016

 Equation 5D utility  scoree, per 0.07 0.88 (0.83, 0.94) <0.001 0.93 (0.87, 0.99) 0.024

 SF-36v2  PCSe, per 5 0.73 (0.66, 0.80) <0.001 0.91 (0.83, 0.99) 0.032

 SF-36v2  MCSe, per 5 0.93 (0.87, 1.00) 0.056 0.95 (0.88, 1.02) 0.171
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be readily amenable to improvements leading to reduced 

healthcare utilization and costs. Fifth, actual health-

care costs were not available, but were estimated on the 

basis of published methods from a nationally representa-

tive database [32], and ICU-related costs during hospital 

readmissions were accounted for as part of mean total 

costs within each admission diagnosis category, likely 

underestimating such costs. Lastly, we did not adjust 

the P value threshold used for statistical significance to 

account for multiple comparisons and, therefore, these 

findings should be interpreted as hypothesis-generating.

Conclusion
�is national, multicenter, longitudinal study of ARDS sur-

vivors found that 40% of patients reported at least one hos-

pitalization during 12-month follow-up, with one-quarter 

of those patients readmitted within 30  days of hospital 

discharge. While few baseline factors were associated with 

increased healthcare utilization, better physical function 

and QOL status at 6-month follow-up were associated 

with both lower hospital admissions and healthcare costs 

over the subsequent 6-month follow-up period. Hence, 

future research focused on improving post-ARDS mor-

bidity is warranted with an aim of both improving patient 

outcomes and reducing healthcare utilization.
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