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Abstract

Rationale: Survivors of critical illness report impaired health-related
quality of life (HRQoL) after hospital discharge, but the degree towhich
these impairments are attributable to critical illness is unknown.

Objectives:We sought to examine changes in HRQoL associated
with an intensive care unit (ICU) stay and the differential association
of type of hospitalization (critical illness versus noncritical illness)
on changes in HRQoL.

Methods:We identified 11,243 participants in theAmbulatoryCare
Quality Improvement Project (a multicenter randomized trial of
Veterans conductedMarch 1997 to August 2000) completing at least
two Medical Outcomes Study Short-Form 36 questionnaires over
2 years, and categorized patients by hospitalization status during the
interval between measures. We used multiple linear regression with
generalized estimating equations for analysis.

Measurements and Main Results: Our primary outcome was
change in the Physical Component Summary score. Participants

requiring hospitalization or ICU admission had significantly worse
baseline HRQoL than those not hospitalized (P, 0.001). Compared
with patients who were not hospitalized, follow-up Physical
Component Summary scores were lower among non-ICU
hospitalized patients and ICU patients (adjusted b-coefficient =
21.40 [95% confidence interval,21.81,20.99] and adjusted
b-coefficient =21.53 [95% confidence interval,22.11,20.95],
respectively), with no difference between the two groups (P value =
0.80). Similar results were seen for theMental Component Summary
score and each of the Medical Outcomes Study Short-Form 36
subdomains.

Conclusions: Prehospital HRQoL is a significant determinant of
HRQoL after hospitalization or ICU admission. Hospitalization
is associated with increased risk of impairment in HRQoL after
discharge, yet the overall magnitude of this reduction is small and
similar between non-ICU hospitalized and critically ill patients.
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Each year, millions of individuals are
admitted to an intensive care unit (ICU), the
majority of whom will survive their hospital
stays (1). As short-term mortality from
critical illness has declined, clinicians
and scientists have become increasingly
interested in its long-term consequences
(2). Studies of survivors of critical illness
demonstrate significant impairments in
health-related quality of life (HRQoL)
(3–8), functional status (7, 9, 10), cognition
(10, 11), and mental health (12) compared
with age-matched control subjects.
Although these findings are consistent
across cohorts of ICU survivors, important
gaps in our knowledge remain (13). In
particular, the extent critical illness or
treatments provided in the critical care
setting contribute to long-term outcomes is
not clear. If reductions in HRQoL in ICU
survivors are not actually caused by critical
illness or critical care, future attempts to
improve post-ICU outcomes focusing on
critical care processes may be ineffective.
Additionally, if all acute illness is the
pertinent risk factor for reduced HRQoL
and not critical illness per se, we risk
profoundly underestimating the public
health importance of impairment after
hospitalization.

A major challenge to studying post-
ICU morbidity is the need to identify
patients’ pre-ICU health status. Prior
studies have attempted to address this
challenge by comparing ICU survivors to
a healthy population (6–8, 14, 15), having
patients provide retrospective preadmission
HRQoL (15, 16), or asking caregivers to
provide information on HRQoL on ICU
presentation (14, 15). Each of these
approaches has significant limitations.
For example, proxies may underestimate,
whereas survivors may later overestimate,
prehospital admission HRQoL (17).
Recent longitudinal studies measuring the
trajectory of illness before hospital
admission suggest that the morbidity
observed in ICU survivor cohorts
overestimates the attributable morbidity of
critical illness (18). However, these studies
have not included HRQoL as an outcome
(10, 11).

Using a unique data source of
prospectively collected longitudinal data
from a randomized trial measuring HRQoL
at regular intervals (19), we sought to
determine the association of an ICU stay
with declines in HRQoL. We also hoped
to study the differential effect of

hospitalization type (critical versus
noncritical illness) on changes in HRQoL.
We hypothesized ICU survivors would have
a significant reduction in HRQoL and this
decrement would be greater than that
associated with either a hospital admission
or that found among patients not
hospitalized.

Some of the results were previously
presented as an abstract at the American
Thoracic Society International Conference
in May 2011 (20).

Methods

Study Design and Population
We performed secondary analysis of
data from the Ambulatory Care Quality
Improvement Project (ACQUIP) (19),
a multicenter randomized trial evaluating
the effect of feedback to providers on
patient health and satisfaction. The study
was conducted from January 1997 to
August 2000 at seven nationwide Veterans
Affairs (VA) general internal medicine
clinics. All patients visiting their primary
care provider at least once in the year prior
were eligible to participate. ACQUIP
participants received a baseline Medical
Outcomes Study Short-Form 36 (SF-36)
HRQoL questionnaire (21, 22), with
subsequent follow-up SF-36 questionnaires
mailed to participants in the control arm
at 12 and 24 months and those in the
intervention arm at 3, 6, 12, 18, 24, and 30
months after enrollment. The intervention
had no effect (19), and we included
participants from both arms of the study.
To be included in this analysis, participants
had to have at least two SF-36 scores
approximately 1 year apart, from the
baseline or 12- or 24-month mailings
(referred to here as Year 0, Year 1, and Year
2 questionnaires, respectively). To assess
for differential loss to follow-up among
the sickest patients, we compared
characteristics, hospitalization status, and
baseline HRQoL scores between responders
and nonresponders to follow-up surveys
after the first year of study.

Variables

Outcome. We chose change in the Physical
Component Summary (PCS) score to be
the primary outcome based on literature
demonstrating an enduring impairment
after critical illness (7). Our secondary

outcomes included change in the Mental
Component Summary (MCS) score and in
each of the eight subdomains of the SF-36.
Scores range from 0 to 100, with higher
scores indicating better HRQoL (23). We
defined the minimally important clinical
difference as a decline of 5 points on the
PCS and MCS and 10 points on each of the
SF-36 subdomains (24).

Exposure. Our primary exposure was
hospital or ICU admission during the 1-year
interval between SF-36 measures. We
identified hospitalizations using data from
national administrative VA databases (25);
data on hospitalizations occurring outside
of the VA system were not available. We
excluded hospitalizations occurring within
2 weeks before the follow-up SF-36 due
to uncertainty as to whether or not the
questionnaire was completed before or after
hospitalization. We used a time-varying
exposure variable to categorize patients’
hospitalization status using bed location
codes. Patients were classified as
experiencing no hospitalizations, at least
one non-ICU hospitalization (and no
ICU admissions), or at least one ICU
hospitalization during each specified
interval.

Potential confounders. We identified
demographic information at study entry.
We assessed the burden of comorbid illness
in the year prior using the Deyo adaptation
of the Charlson comorbidity index (26, 27),
and identified self-reported diagnoses of
depression. As the likelihood of admission
to a VA facility differs based on distance
from home (28), we calculated the distance
participants lived from their local VA
hospital. We identified participants who
were comanaged with an outside provider.

Statistical Analysis
We used Chi-square tests, one-way analysis
of variance, and paired Student t tests
as appropriate to compare baseline
characteristics and initial SF-36 scores by
hospitalization status and mean SF-36
summary scores before and after hospital
admission. Among patients who completed
a baseline SF-36 (Year 0, or Year 1 if the
Year 0 survey was not completed) and
remained alive at the end of the subsequent
year, we compared differences in baseline
characteristics, hospitalization status,
and most recent HRQoL scores between
responders and nonresponders to
the 12-month follow-up (Year 1 or
Year 2, as appropriate) SF-36.
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We usedmultiple linear regression with
generalized estimating equations to estimate
the association between hospitalization
status and HRQoL while accounting for
repeated measures (29). Our outcome was
the SF-36 score obtained at 1-year follow-
up. Each model was adjusted for the
most recent prior SF-36 score, time
since prior SF-36 score, and all of the
potential confounders described above.
In a restricted cohort excluding
nonhospitalized patients, we made additional
adjustment for length of stay and time
between discharge and follow-up SF-36.

We hypothesized that any absence of
a clinically significant decline in HRQoL
after hospitalization could be partially due to
a “floor effect,” or an inability of patients
with already low HRQoL scores to decline
further after hospitalization. We tested for
effect modification of the association between
hospitalization status and follow-up PCS by
quartile of the most recent prior PCS score
using an interaction term and performed
analyses stratified by quartile of most recent
PCS score. Finally, we used multiple logistic
regression with generalized estimating
equations to estimate the association between
hospitalization status and a clinically
significant decrease in HRQoL (29).

Sensitivity Analysis
We conducted a separate analysis in restricted
cohort of patients with an ICU admission that
also met criteria for critical illness using
International Classification of Diseases
(ICD)-9 diagnostic codes similar to that used
by Ehlenbach and colleagues (11)

The University of Washington Human
Subjects Division and all other participating
sites approved the ACQUIP study
protocol. The Institutional Review Boards of
the VA Puget Sound approved the analyses
presented here (VA MIRB #00109).

Results

Responders versus Nonresponders
We identified 18,822 patients completing
a baseline SF-36 (Figure 1). After excluding
patients with inconsistent dates and
incomplete hospitalization information,
18,721 patients remained. Of these, 665
patients died during the first year. Of the
remaining 18,056 patients, 11,243 (62%)
returned a 12-month follow-up SF-36.
Among survivors of a hospitalization,
response rates were no different among ICU

patients compared with those with a non-ICU
admission (60 vs. 58%, P value 0.36) (Table 1).

We found small but statistically
significant differences among responders
and nonresponders to the follow-up
SF-36 (see Table E1 in the online
supplement). Nonresponders were younger,
with fewer comorbid illnesses and increased
rates of depression, and lived further away
from their VA site of care. Importantly,
there were no differences in the proportion
of patients admitted to the ICU, although
nonresponders experienced more hospital
stays. There were small statistically, although
not clinically, significant differences between
groups regarding most recent HRQoL
scores. In a restricted cohort of 2,483
survivors of hospitalization during the first
year of follow-up, small differences in
baseline HRQoL scores persisted between
responders and nonresponders (Table E2).

Characteristics of the Cohort
Of the 11,243 patients with at least two
SF-36 measures, 9,228 (82%) were never
hospitalized, 1,347 (12%) experienced at
least one non-ICU hospitalization, and
668 (6%) experienced at least one ICU
hospitalization during the study period
(Figure 1). Patients not hospitalized during
the study were younger, more educated,
and reported a higher annual income than
patients experiencing a hospitalization or
ICU admission (Table 2). Nonhospitalized
patients also had fewer comorbid illness,
had fewer admissions in the year before
study entry, and were more likely to also
receive care outside of the VA. Among
hospitalized patients, there was no
difference in mean time between discharge
and next SF-36 between patients with
(178.86 100.3 d) or without an ICU stay
(172.96 100.0 d) (P = 0.20).

Baseline HRQoL was poor among this
cohort of Veterans, especially in physical
domains, with a mean initial PCS score of
34.1 (SD, 11.7). Patients hospitalized with
or without an ICU stay had significantly
worse baseline HRQoL than patients not
hospitalized at any point during the 2-year
study period. However, there were no
differences in baseline HRQoL scores
between patients hospitalized with or
without an ICU admission (Table 3).

Change in HRQoL by
Hospitalization Status
The mean 1-year change in PCS for
nonhospitalized patients was 20.59 (SD,

7.22). Among patients experiencing their
first hospitalization, the unadjusted mean
PCS score was significantly lower after
hospital discharge for patients with either
an ICU or non-ICU hospitalization
(Figure 2). Among those patients with
two PCS scores before their first hospital
admission, mean PCS scores also declined
between the initial SF-36 and that just
before admission, although this change only
met statistical significance among non-ICU
hospitalized patients.

In adjusted analyses, follow-upPCS scores
remained lower among subjects experiencing
a non-ICU hospitalization (adjusted
b-coefficient, 21.40; 95% confidence interval
[CI], 21.81 to 20.99) or ICU hospitalization
(adjusted b-coefficient, 21.53; 95% CI, 22.11
to 20.95) compared with nonhospitalized
participants (Table 4). In an analysis restricted
to hospitalized patients, and further adjusted
for hospital length of stay and time between
discharge to follow-up PCS score, there was
essentially no difference in PCS scores between
the non-ICU and ICU hospitalized patients
(adjusted b-coefficient, 20.09; 95% CI, 20.80
to 10.62) (Table 5).

In adjusted analyses, we also found
hospitalization to be associated with small
decrements in HRQoL as measured by
subdomains of the PCS (Table 4). The
magnitude of this reduction was not
significantly different between participants
experiencing a non-ICU hospitalization
or ICU admission (Table 5). We found
similar results in analyses including MCS
and its subdomains as outcomes (Table E3).

We found that both non-ICU
hospitalized and ICU hospitalized patients had
a significantly higher odds of a clinically
meaningful decline in adjusted HRQoL than
nonhospitalized patients (Table 6; Table E4),
but there was no difference between non-ICU
hospitalized and ICU hospitalized patients for
PCS and the majority of the subdomains
(Table 7). Patients experiencing an ICU
hospitalization did have a significantly higher
odds of a 5 or more point decline in the MCS
(adjusted odds ratio, 1.29 [95% CI, 1.03, 1.62])
and a 10 or more point decline in the vitality
subscale than those with a non-ICU
hospitalization (adjusted odds ratio, 1.37 [95%
CI, 1.10, 1.70]) (Table E4).

Examining the Influence of Most
Recent PCS on the Decline in PCS
after Discharge
We found that the magnitude of reduction
in PCS score associated with hospitalization
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was greatest among participants with the
highest most recent scores (P value for
interaction term, ,0.001) (Figure 3).
Among patients with PCS scores in the
highest quartile of the cohort (median PCS,
50.2; range, 43.2–68.3), hospitalization (b =
23.09 [95% CI, 24.49, 21.69]), and ICU
admission (b =25.00 [95% CI, 27.43,
22.57]) were associated with statistically
significant (and among ICU hospitalized
patients, clinically significant) decrements in
PCS score compared with those not
hospitalized. There were still no differences
between hospitalized and ICU hospitalized
groups (P = 0.17).

Sensitivity Analysis
Among patients with a bed location code
for the ICU, 29 patients were identified
as having critical illness using ICD-9
diagnostic codes used by Ehlenbach and
colleagues (11). We again found that non-
ICU hospitalized and ICU hospitalized
patients had greater decrements in their
follow-up HRQoL scores than their
nonhospitalized counterparts (Tables E5
and E6). In this subsample, HRQoL
declined to a greater extent among patients

with critical illness compared with those
hospitalized without critical illness for
several of the outcomes. In the final
adjusted model, these differences were
attenuated, and our results were similar to
our primary analysis for most outcomes.

Unlike our primary analysis, this subset
of critically ill patients did have clinically
significant declines in some of the HRQoL
subdomains (Role-Physical, Bodily Pain,
General Health, Social Functioning, and
Role-Emotional) when compared with

18,822 Respondents
completed at least one baseline SF-36 (at Y0 or Y1 if no Y0 survey done) 

11,243
Completed ≥ 2 SF-36 approximately 1 year apart with data on VA hospitalizations between measures

(n=5416 with 1 year of data; n=5,827 with 2 years of data)

1,347 At least one Non-ICU
(no ICU) Admission

668 at least one ICU Admission

665 died during the first year of follow-up

6,813 patients did not
respond to 2nd survey after
first year of follow-up  

4,929 completed only Y0 (not Y1)

1,884 completed only Y1 (not Y0 or Y2)

27,765 Respondents
completed at least one SF-36 sometime during study period 

101 excluded due to inconsistent dates or
incomplete hospitalization data 

9,228 Never Hospitalized

983 At least one Non-ICU (no ICU)
admit 1st year  

469 At least one ICU
admit 1st year  

9,791 Not Hospitalized 1st year

402 with non-ICU
(no ICU) in 2nd year

38 with ICU admit
in 2nd year 

161 with ICU admit
in 2nd year 

Figure 1. Identification of study cohort. ICU = intensive care unit; SF-36 =Medical Outcomes Study Short-Form 36; VA = Veterans Affairs hospital.

Table 1. Comparison of rates of death and differential response rates based on
hospitalization status during the first year of follow-up

Hospitalization Status*

Not Hospitalized
N (%)

Hospitalized
N (%)

ICU Hospitalized
N (%)

All patients completing
baseline survey

N = 15,889 N = 1,872 N = 960

Died first year 316 (2) 173 (9) 176 (18)
Survived first year N = 15,573 N = 1,699 N = 784
Nonresponder 5,782 (37) 716 (42) 315 (40)
Responded to follow-up
SF-36

9,791 (63) 983 (58) 469 (60)

Definition of abbreviations: ICU = intensive care unit; SF-36 =Medical Outcomes Study Short-Form
36; Y = year.
*For responders, hospitalization status represents admissions occurring between baseline survey
(Y0 or Y1 if no Y0 completed) and when follow-up survey received (Y1 or Y2, respectively); among
nonresponders, hospitalization status represents admissions occurring within 365 days after the
baseline survey; among those dying during the first year of follow-up, hospitalization status represents
admissions occurring between baseline survey and death.
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nonhospitalized patients; the magnitude of
these reductions differed from those
experiencing a non-ICU hospitalization
only for the general health subdomain
(adjusted b-coefficient comparing ICU to
non-ICU hospitalized, 26.38 [95% CI,
211.00, 21.76]).

Discussion

In this large longitudinal cohort study with
prospectively collected assessments of
HRQoL, we found baseline HRQoL to be
lower among patients with a subsequent
hospitalization or ICU admission than those

not requiring hospitalization. Patients who
were hospitalized and received ICU-level
care had larger 1-year decrements in
HRQoL compared with patients with no
hospitalizations, even after adjusting for
prehospital SF-36 values. However,
decrements in HRQoL after

Table 2. Baseline characteristics of patients by hospitalization status (anytime during study)

Characteristics Not Hospitalized At Least 1 Non-ICU
Hospitalization

At Least 1 ICU
Admission

P Value
(N = 9,228)

(N = 1,347) (N = 668)

Age at entry, mean (SD), yr 64.8 (10.8) 66.0 (10.7) 66.8 (9.4) ,0.001
White, N (%) 7,059 (77) 1,110 (82) 547 (82) ,0.001
Male, N (%) 8,929 (97) 1,297 (96) 649 (97) 0.538
Annual income, N (%) ,0.001
,$ 20,000 5,381 (58) 836 (62) 429 (64)
$20,000–$40,000 2,417 (26) 348 (26) 152 (23)
.$40,000 742 (8) 62 (5) 41 (6)

Education, N (%) ,0.001
,12th grade 2,534 (27) 428 (32) 233 (35)
High school grad6 some college 4,999 (54) 722 (54) 355 (53)
College grad6 grad work 1,481 (16) 165 (12) 67 (10)

Marital status, N (%) 0.146
Single/never married 696 (8) 103 (8) 36 (5)
Married 5,748 (62) 806 (60) 410 (61)
Separated/divorced/widowed 2,625 (28) 412 (31) 212 (32)

Outside care, N (%) 3,509 (38) 358 (27) 162 (24) ,0.001
Self-reported depression, N (%) 2,006 (22) 375 (28) 171 (26) ,0.001
Deyo-Charlson Comorbidity score, mean (SD) 0.9 (1.4) 1.3 (1.6) 1.6 (1.8) ,0.001
Distance to VA, mean (SD), miles 46.3 (117.7) 43.5 (108.9) 36.8 (74.1) 0.099
Hospitalization in year prior, N (%) ,0.001
Non-ICU admission 733 (8) 293 (22) 119 (18)
ICU admission 296 (3) 96 (7) 96 (14)

Definition of abbreviations: ICU = intensive care unit; VA = Veterans Affairs hospital.
Totals may not sum to 100% due to missing values.

Table 3. Initial health-related quality of life scores by hospitalization status (anytime during study)

SF-36 Score Not Hospitalized At Least 1 Non-ICU
Hospitalization

At Least 1 ICU
Admission

P Value* P Value†

(N = 9,228)
(N = 1,347) (N = 668)

Summary Measures
Physical Component Summary 35.0 (11.8) 30.5 (10.6) 29.7 (10.5) ,0.001 0.146
Mental Component Summary 47.3 (12.8) 44.7 (13.6) 45.6 (13.0) ,0.001 0.156

Domains
Physical Functioning 51.7 (29.5) 39.8 (28.3) 38.0 (27.1) ,0.001 0.176
Role-Physical 36.4 (41.7) 23.7 (35.8) 22.2 (35.2) ,0.001 0.404
Bodily Pain 50.5 (26.3) 43.0 (25.3) 43.0 (25.4) ,0.001 0.979
General Health 48.2 (24.0) 40.4 (22.8) 39.5 (22.2) ,0.001 0.391
Vitality 44.6 (24.5) 36.9 (24.2) 36.8 (23.5) ,0.001 0.946
Social Functioning 64.4 (29.9) 53.8 (30.7) 55.5 (30.0) ,0.001 0.235
Role-Emotional 58.9 (43.9) 50.0 (44.3) 50.2 (44.8) ,0.001 0.904
Mental Health 68.3 (22.7) 63.4 (24.8) 64.8 (23.6) ,0.001 0.217

Definition of abbreviations: ICU = intensive care unit; SF-36 = Medical Outcomes Study Short-Form 36.
Data are presented as mean (SD). Although all patients in this study had completed at least two SF-36 scores, the number of patients with sufficient data
to complete each SF-36 subscale and Summary Measures differed slightly. Data were complete for more than 97% of each domain, for each of the three
hospitalization categories.
*P value for comparison across all three categories.
†P value for comparison of non-ICU hospitalized and ICU hospitalized only.
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a hospitalization were similar for patients
with or without an ICU stay, suggesting that
for many patients any acute illness could
be associated with worse physical and
emotional functioning regardless of their
receipt of critical care services.

We contend that our findings have two
important implications. First, for the
majority of patients, outcomes after critical
illness may not differ substantially from
outcomes after hospitalization for other
acute conditions that do not result in ICU
admission. Second, to adequately study
differences in patient-centered outcomes
after hospital admission, it is imperative that

premorbid objective assessments of these
outcomes are available.

Our findings need to be considered in
the context of several limitations of our
study design, including possible bias due to
informative censoring among the sickest
patients, heterogeneity of the acuity of
illness among ICU patients, a possible lack of
power to rule out differences between the
most critically ill patients and their non-ICU
hospitalized counterparts due to sample
size, and the possibility of a floor effect due
to very poor baseline quality of life among
study participants. We acknowledge the
importance of these challenges, and as

a result we will address them first before
discussing the implications of our findings
in more detail.

First, as are all studies that collect
longitudinal assessments after critical
illness, our study is subject to bias due to
informative censoring. Patients who are
the sickest, and may have had the largest
decrements in HRQoL, may not have
been able to respond to the mailed
questionnaires. At the same time, because
only VA hospitalizations were captured, it
is possible that the sickest patients were
hospitalized at outside ICUs, were not
included among our critically ill patients,

1st PCS prior to
hospitalization†

Last PCS prior to
hospitalization

1st PCS after
hospitalization

2nd PCS after
hospitalization

N=333
–1.5 (–1.8, –1.3)

N=136
–1.6 (–1.8, –1.4)

N=1100
–0.5 (–0.8, –0.3)

N=499
–0.5 (–0.8, –0.3)

Non-ICU Hospitalization
Time to admit, Median (IQR) (yrs)
ICU Hospitalization
Time to admit, Median (IQR) (yrs)

35

34

31

29

36

33

32

30

28

27

26

**

**

**

NS

H
o

sp
it

al
iz

at
io

n

ICU Hospitalization

Non-ICU Hospitalization

N=1100
0.5 (0.2, 0.7)

N=499
0.5 (0.2, 0.7)

N=279
1.6 (1.4, 1.9)

N=124
1.6 (1.4, 1.9)

36A

B

34

32

30

28

26
First PCS Second PCS Third PCS

N=8509 N=8509 N=3974
Never Hospitalized
Number of patients
Time since most recent prior
PCS, Median (IQR) (yrs)
Time since first PCS, Median (IQR) (yrs)

N/A
N/A

1.0 (0.9 to 1.0)
1.0 (0.9 to 1.0)

1.0 (1.0 to 1.2)
2.0 (1.9 to 2.2)

Figure 2. Trajectory of Physical Component Summary (PCS) among patients during the course of the study. Unadjusted mean PCS scores and 95%
confidence intervals are shown. †Hospitalization refers to first hospital stay; patients also hospitalized in year preceding or year after hospitalization
were excluded. **Indicates P value, 0.01 (paired Student t test). (A) Trajectory of PCS among patients not hospitalized during the course of the study.
(B) Trajectory of PCS among patients hospitalized during the course of the study. ICU = intensive care unit; IQR = interquartile range; N/A = not applicable;
NS = nonsignificant.
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and did not respond to follow-up surveys.
As a result of these limitations, our results
may overestimate the HRQoL among
survivors of an ICU hospitalization, biasing

us to not find a difference between critically
ill and noncritically ill patients when one
truly exists. Although we acknowledge these
limitations, we are reassured by the fact that

among patients surviving the first year
of follow-up, there was no difference in
nonresponse rates among patients with
a non-ICU or ICU hospitalization.

Table 4. Difference in health-related quality of life scores (physical component summary and physical subdomains) by
hospitalization status: comparison of intensive care unit and non–intensive care unit hospitalized patients to those not hospitalized
during interval

Follow-up SF-36
Scores

Unadjusted b-Coefficient
(95% CI)

P Value Adjusted b-Coefficient*
(95% CI)

P Value

Physical component summary
Not hospitalized — — — —
After non-ICU admission 22.57 (23.05, 22.10) ,0.001 21.40 (21.81, 20.99) ,0.001
After ICU admission 23.07 (23.75, 22.39) ,0.001 21.53 (22.11, 20.95) ,0.001

Physical subdomains
Physical Functioning

Not hospitalized — — — —
After non-ICU admission 27.25 (28.44, 26.07) ,0.001 23.89 (24.93, 22.85) ,0.001
After ICU admission 27.59 (29.28, 25.91) ,0.001 24.42 (25.83, 23.01) ,0.001

Role-Physical
Not hospitalized — — — —
After non-ICU admission 212.31 (213.99, 210.63) ,0.001 27.01 (28.60, 25.43) ,0.001
After ICU admission 213.85 (216.22, 211.48) ,0.001 29.24 (211.59, 26.90) ,0.001

Bodily Pain
Not hospitalized — — — —
After non-ICU admission 25.66 (26.82, 24.50) ,0.001 23.11 (24.14, 22.09) ,0.001
After ICU admission 26.31 (28.12, 24.49) ,0.001 23.38 (24.95, 21.80) ,0.001

General Health
Not hospitalized — — — —
After non-ICU admission 24.20 (25.10, 23.29) ,0.001 22.46 (23.24, 21.68) ,0.001
After ICU admission 24.32 (25.62, 23.01) ,0.001 22.23 (23.25, 21.21) ,0.001

Definition of abbreviations: CI = confidence interval; ICU = intensive care unit; SF-36 =Medical Outcomes Study Short-Form 36.
Linear regression with generalized estimating equations for repeated observations, using exchangeable correlation matrix and robust variance.
*Adjusted for previous score, time since previous score, demographics (age, race, income, education, marital status), Deyo-Charlson comorbidity score,
depression, distance to Veterans Affairs hospital, and receipt of outside care.

Table 5. Difference in health-related quality of life scores (physical component summary and physical subdomains) by
hospitalization status: comparison of intensive care unit to non–intensive care unit hospitalized patients

Follow-up SF-36 Scores Unadjusted b-Coefficient
(95% CI)

P Value Adjusted b-Coefficient*
(95% CI)

P Value

Physical component summary
After non-ICU admission — — — —
After ICU admission 20.50 (21.40, 10.39) 0.271 20.09 (20.80, 10.62) 0.803

Physical subdomains
Physical Functioning

After non-ICU admission — — — —
After ICU admission 20.82 (23.15, 11.51) 0.491 20.29 (22.07, 11.49) 0.748

Role-Physical
After non-ICU admission — — — —
After ICU admission 22.33 (25.08, 10.43) 0.098 21.84 (24.46, 10.78) 0.169

Bodily Pain
After non-ICU admission — — — —
After ICU admission 20.39 (22.69, 11.91) 0.739 20.33 (22.21, 11.55) 0.733

General Health
After non-ICU admission — — — —
After ICU admission 20.38 (22.29, 11.53) 0.698 10.21 (21.08, 11.49) 0.754

Definition of abbreviations: CI = confidence interval; ICU= intensive care unit; SF-36=Medical Outcomes Study Short-Form 36.
Linear regression with generalized estimating equations for repeated observations, using exchangeable correlation matrix and robust variance.
*Adjusted for hospital length of stay, time from discharge to follow-up health-related quality-of-life score, previous score, time since previous score, demographics
(age, race, income, education, marital status), Deyo-Charlson comorbidity score, depression, distance to Veterans Affairs hospital, and receipt of outside care.
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Furthermore, nonresponders in general
tended to be younger, with less comorbid
illness, indicating the magnitude of these
biases is likely small.

Another limitation is that we lack
a measure of illness severity for hospitalized
or critically ill patients. It is possible that
nonpatient factors influenced ICU triage

decisions (30, 31), biasing us toward finding
no difference between these groups. We
attempted to address this limitation using
a highly specific set of ICD-9 codes to

Table 6. Odds of a clinically significant decline in health-related quality-of-life scores (physical component summary and physical
subdomains) by hospitalization status: comparison of intensive care unit and non–intensive care unit hospitalized patients to those
not hospitalized during interval

Follow-up SF-36 Scores Unadjusted OR (95% CI) P Value Adjusted OR* (95% CI) P Value

Physical component summary†

Not hospitalized — — — —
After non-ICU admission 1.25 (1.10, 1.42) ,0.001 1.56 (1.36, 1.79) ,0.001
After ICU admission 1.26 (1.05, 1.51) 0.011 1.61 (1.33, 1.95) ,0.001

Physical subdomains
Physical Functioning‡

Not hospitalized — — — —
After non-ICU admission 1.21 (1.08, 1.36) 0.001 1.38 (1.22, 1.56) ,0.001
After ICU admission 1.45 (1.24, 1.70) ,0.001 1.70 (1.44, 2.02) ,0.001

Role-Physical‡

Not hospitalized — — — —
After non-ICU admission 0.98 (0.86, 1.12) 0.790 1.43 (1.24, 1.66) ,0.001
After ICU admission 1.11 (0.92, 1.34) 0.280 1.70 (1.40, 2.07) ,0.001

Bodily Pain‡

Not hospitalized — — — —
After non-ICU admission 1.17 (1.05, 1.31) 0.004 1.39 (1.24, 1.57) ,0.001
After ICU admission 1.18 (1.01, 1.38) 0.034 1.39 (1.17, 1.65) ,0.001

General Health‡

Not hospitalized — — — —
After non-ICU admission 1.34 (1.20, 1.50) ,0.001 1.51 (1.34, 1.71) ,0.001
After ICU admission 1.29 (1.09, 1.51) 0.002 1.44 (1.21, 1.73) ,0.001

Definition of abbreviations: CI = confidence interval; ICU = intensive care unit; OR = odds ratio; SF-36 =Medical Outcomes Study Short-Form 36.
Logistic regression with generalized estimating equations for repeated observations, using exchangeable correlation matrix and robust variance.
*Adjusted for previous score, time since previous score, demographics (age, race, income, education, marital status), Deyo-Charlson comorbidity score,
depression, distance to Veterans Affairs hospital, and receipt of outside care.
†Clinically meaningful decline = 5 or more points.
‡Clinically meaningful decline = 10 or more points.

Table 7. Odds of a clinically significant decline in health-related quality-of-life scores (physical component summary and physical
subdomains) by hospitalization status: comparison of intensive care unit to non–intensive care unit hospitalized patients

Follow-up SF-36 Scores Unadjusted OR (95% CI) P Value Adjusted OR* (95% CI) P Value

Physical component summary†

After non-ICU admission — — — —
After ICU admission 1.02 (0.82, 1.26) 0.864 1.01 (0.79, 1.30) 0.910

Physical subdomains
Physical Functioning‡

After non-ICU admission — — — —
After ICU admission 1.20 (1.00, 1.45) 0.056 1.24 (1.00, 1.55) 0.054

Role-Physical‡

After non-ICU admission — — — —
After ICU admission 1.12 (0.90, 1.39) 0.326 1.26 (0.93, 1.71) 0.142

Bodily Pain‡

After non-ICU admission — — — —
After ICU admission 1.00 (0.83, 1.20) 0.972 0.98 (0.80, 1.22) 0.886

General Health‡

After non-ICU admission — — — —
After ICU admission 0.94 (0.77, 1.14) 0.517 0.94 (0.76, 1.17) 0.585

Definition of abbreviations: CI = confidence interval; ICU = intensive care unit; OR = odds ratio; SF-36 =Medical Outcomes Study Short-Form 36.
Logistic regression with generalized estimating equations for repeated observations, using exchangeable correlation matrix and robust variance.
*Adjusted for hospital length of stay, time from discharge to follow-up health-related quality-of-life score, previous score, time since previous score, demographics
(age, race, income, education, marital status), Deyo-Charlson comorbidity score, depression, distance to Veterans Affairs hospital, and receipt of outside care.
†Clinically meaningful decline = 5 or more points.
‡Clinically meaningful decline = 10 or more points.
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define what we believe to be the sickest
patients among our ICU cohort (11).
Although the results of this sensitivity
analysis did show clinically significant
differences in some of the HRQoL domains
when compared with nonhospitalized
patients, these differences were not
consistent across all domains of the SF-36
and did not involve our primary outcome,
the PCS score. The small number of
patients who met the Ehlenbach criteria
limits our ability to rule out any
difference between these very sick patients
and noncritically ill hospitalized
patients, although we did find a small
difference in the General Health subscale of
the SF-36 between these two groups.

Finally, the overall poor health status
of our population at baseline may have
induced a “floor effect,” limiting our ability
to detect a significant decline in HRQoL.
Indeed, the baseline PCS and MCS scores in

our cohort are lower than post–critical
illness scores reported in large cohorts of
severely critically ill patients (7) and similar
to that among inpatients hospitalized for an
acute coronary event (32). Our findings are
consistent with prior studies demonstrating
HRQoL to be lower among U.S. Veterans
than non-Veteran populations and may
result from high rates of comorbidity
and mental illnesses among the Veteran
population (33). Despite these challenges,
we contend that our results are compelling
enough to have important implications for
future research.

Outcomes after Critical Illness
May Not Differ from Those after
Non-ICU Hospitalization
We found no difference in the decline in
HRQoL among hospitalized patients who
did or did not require ICU care. Our
findings are in contrast to one recent study

of elderly Medicare beneficiaries showing
survivors of a hospitalization involving
mechanical ventilation had increased
disability when compared with those
without mechanical ventilation (9).
However, the differences between disability
scores among patients with and without
mechanical ventilation in that study were
relatively small (difference of 3.4 on a scale
of 0–100). It may be that acute illnesses
requiring hospitalization lead to long-term
declines in overall health status regardless
of the presence of critical illness. This
hypothesis is supported by studies
demonstrating that hospitalization, even
for illnesses that are easily treatable and
considered uncomplicated, is associated
with significant disability, particularly
among the elderly (34–36). There are
a number of shared possible risk factors
between hospitalized and critically ill
patients that have the potential to
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Median PCS: 20.8

IQR (18.0 – 22.7) 

Range (2.6 – 24.6) 

2nd Quartile

Median PCS: 28.4

IQR (26.5 – 30.3)

Range (24.6 – 32.4) 

3rd Quartile

Median PCS: 37.2

IQR (34.7 – 39.9) 

Range (32.4 – 43.2) 
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Median PCS: 50.2

IQR (46.7 – 53.8) 

Range (43.2 – 68.3) 

Non-ICU Hospitalization

ICU Hospitalization

β-coefficient*

Figure 3. Differences in Physical Component Summary (PCS) score, stratified by quartiles of most recent prior PCS scores. *P value for interaction term of
stratified most recent prior PCS score and hospitalization status in adjusted model, 0.001. Shown are b-coefficients and 95% confidence intervals for
models stratified by quartile of most recent prior PCS score, adjusted for a priori confounders; ICU = intensive care unit; IQR = interquartile range.
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negatively affect HRQoL, such as delirium,
decreased mobility, depression, and
malnutrition. The cumulative effect of such
factors on HRQoL is not known and could
be the focus of future investigations. Such
studies have the potential to lead to a better
understanding of which patient populations
to target in future intervention studies
designed to improve long-term HRQoL.
Our results suggest that these interventions
may be important for all hospitalized
patients, not just those as identified as
critically ill.

Premorbid Measures of HRQoL
Are Needed to Assess
Posthospitalization HRQoL
Several prior studies have shown HRQoL to
be lower among survivors of critical illness
compared with the general population,
yet these studies suffer from several
important limitations (3–6, 8, 14, 16).
Many did not collect information about
prehospitalization HRQoL, and, in those
that did, baseline HRQoL was assessed
using retrospective report among survivors
or was estimated by surrogates at the time
of admission (14–16). As a result, it is
difficult to determine if the reduced HRQoL
after critical illness described in prior
studies was due to low baseline HRQoL or
reflected changes due to hospitalization for
critical illness (3). Although a handful of
studies suggest that prehospitalization
HRQoL is likely lower among patients
admitted with critical illness (15, 16), ours
is the first to confirm this finding using
prospective assessments. Our results
emphasize the importance of accurate
assessments of prehospital functional status
in determining the possible effect of acute
or critical illness on posthospital quality of
life. This is particularly true among our
cohort of patients who reported very low
HRQoL even before hospital admission.
Evaluation of only post-ICU health
status in such a cohort could lead to
erroneous conclusions about the effect
of hospitalization and critical illness on
HRQoL. Our findings complement recent

work that calls for prehospital assessment
of patients’ functional status when
examining the effect of critical illness on
posthospital rates of geriatric conditions,
such as injurious falls and chronic pain, as
well as recent literature showing increased
risk of hospitalization for pneumonia
among patients already demonstrating
evidence of cognitive decline (18, 37). Our
finding of a significant interaction between
baseline HRQoL and subsequent decline
in PCS scores after hospitalization means
that this premorbid assessment needs to be
carefully considered when planning future
studies and interventions targeting HRQoL
among hospitalized patients.

In contrast to several other studies,
we found the magnitude of the average
change in HRQoL associated with critical
illness to be relatively small. There are
several explanations for this finding. Studies
showing greater decrements in HRQoL may
not have adequately measured and adjusted
for prehospital HRQoL, or the overall poor
health status of our population may have
induced a “floor effect” limiting our ability
to detect a significant decline in HRQoL, as
suggested above. In addition, many prior
studies of HRQoL have concentrated on
specific populations of patients, such as
those with severe adult respiratory distress
syndrome or multiorgan dysfunction (6,
15). This prior work may not generalize
to a more heterogeneous and possibly less
severely ill group of ICU patients such
as ours. However, given the variability
of severity of illness that has been
demonstrated among ICU patients in
previous studies (38), our population may
be more similar to many ICUs than the
settings and populations in which long-
term outcomes after critical illness has
largely been studied to date. Finally,
HRQoL after critical illness has been shown
to improve over time (14). The mean time
between discharge and follow-up SF-36
score in our cohort was approximately
6 months, and although we adjusted for
time between discharge and follow-up
assessment in our sensitivity analysis, we

may have missed early negative effects on
HRQoL due to critical illness. Nevertheless,
we would argue that long-term, rather than
reversible short-term, derangements are
perhaps the most important outcomes for
patients, their families, and their clinicians.

In addition to those discussed above,
our study should be interpreted in the
context of other more minor limitations.
First, our Veteran population consists
mostly of older, white men and therefore
may not generalize to other populations.
Second, the data used for this analysis are
more than a decade old, during which time
substantial improvements in survival have
been achieved for a number of patients with
critical illness, including those receiving
mechanical ventilation (39). It is possible
that patients surviving a more severe
critical illness would have greater
decrements in their HRQoL than those
observed here. We believe that the strength
of this study lies in its prospectively
collected assessments of HRQoL; to our
knowledge, it is the first of its kind,
and given the challenges of measuring
premorbid HRQoL it is unlikely that
another study like it will be done in the
near future.

In conclusion, prehospital HRQoL is
a powerful determinant of HRQoL after
hospitalization or ICU admission. Although
hospitalization is associated with increased
risk of clinically significant decrements in
HRQoL after discharge, we found the overall
magnitude of this reduction is small and
similar between non-ICU hospitalized and
critically ill patients. Patients with higher
baseline HRQoL may be at greatest risk of
subsequent decline in HRQoL resulting
from the hospital stay and may be an
important population to target in future
intervention studies. These studies should
include careful assessment of premorbid
HRQoL, and all hospitalized patients, not
just those who are identified as critically ill,
may benefit from these interventions. n

Author disclosures are available with the text
of this article at www.atsjournals.org.
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