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Abstract

Acute Respiratory Distress Syndrome (ARDS) is characterized by lung injury and hypoxemia, has a high mortality
rate, and is associated with significant morbidity including cognitive and emotional sequelae and decreased quality
of life. There is limited information regarding which of these factors are associated with decreased quality of life.
This study assessed the relationships between quality of life, cognitive and emotional function in ARDS survivors at
1-year post-hospital discharge. Sixty-six ARDS survivors were administered a battery of neuropsychological tests,
measures of emotional function and quality of life 1 year post-hospital discharge. At 1 year 45% of the ARDS
patients had cognitive sequelae and 29% had mild to moderate symptoms of depression and anxiety. Depression,
anxiety, and intensive care unit length of stay were significantly correlated with decreased quality of life. Cognitive
impairments did not correlate with decreased quality of life. Illness severity and emotional function, but not
cognitive sequelae, are associated with decreased quality of life 1 year following ARDS. ARDS is common and may
result in significant cognitive and emotional morbidity and decreased quality of life. (JINS, 2004,10, 1005–1017.)
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INTRODUCTION

The acute respiratory distress syndrome (ARDS) is a com-
mon cause of mortality and morbidity, affecting an esti-
mated 150,000 people per year in the United States
(Rubenfeld et al., 1995). However, recent evidence sug-
gests the incidence may be even higher (Rubenfeld, 2003).
Acute respiratory distress syndrome is characterized by acute
lung injury, arterial hypoxemia, reduced total thoracic com-
pliance, and diffuse bilateral infiltrates on chest radiograph
due to increased-permeability pulmonary edema (Bernard
et al., 1994; Petty & Ashbaugh, 1971). Treatment of ARDS
requires aggressive supportive care including positive pres-
sure ventilation and increased oxygen concentrations with
risks of barotrauma, oxygen toxicity, and nosocomial infec-
tion. Advances in medical care have improved hospital sur-
vival from 50 to 70% of patients (Abel et al., 1998; Milberg

et al., 1995). Survivors of ARDS are often left with chronic
pulmonary fibrosis, pulmonary function abnormalities, and
diminished health-related quality of life (Cooper et al., 1999;
Davidson et al., 1999; Hopkins et al., 1999; McHugh et al.,
1994; Suchyta et al., 1993; Weinert et al., 1997). Acute
Respiratory Distress Syndrome survivors are also at risk for
physical, emotional, and neurocognitive deficits likely due
to inflammation, multiorgan dysfunction, hypoxia, and inten-
sive care unit (ICU) treatment. Even though survival has
improved in recent years, questions remain regarding the
effect of ARDS on cognitive and emotional function and
their relationship to quality of life.

Critical illness, including ARDS, is associated with sig-
nificant cognitive impairments (Ely et al., 2004; Hopkins
et al., 1999; Marquis et al., 2000). Approximately 33% of
general medical ICU survivors develop cognitive impair-
ments (Jackson et al., 2003). In 1999, we reported that a
significant percentage of ARDS survivors had cognitive
impairments including memory, attention, concentration,
mental processing speed, and global cognitive decline (Hop-
kins et al., 1999). Since our report of cognitive impairments
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in ARDS survivors, others have confirmed our findings
(Al-Saidi et al., 2003; Jackson et al., 2003; Marquis et al.,
2000; Rothenhausler et al., 2001). The prevalence of cog-
nitive impairments varies from 78% 1 year post-hospital
discharge (Hopkins et al., 1999) to 25% in patients with
less severe acute lung injury at 6-year (median) follow-up
(Rothenhausler et al., 2001). The cognitive impairments
following ARDS are related to decreased quality of life
(Rothenhausler et al., 2001). Cognitive impairments are a
major determinant in the ability to return to work, work
productivity, and life satisfaction following traumatic brain
injury (Streadman-Pare et al., 2000), and ARDS (Rothen-
hausler et al., 2001). Even mild cognitive impairments in
elderly individuals with mild cognitive impairment or demen-
tia result in clinically significant impairments in driving,
money management, and the ability to perform activities
of daily living (Albert et al., 1997; Griffith et al., 2003;
Nygard, 2003; Tabert et al., 2002).

Individuals with a critical illness are faced with disease
or injury that is life threatening, requires ICU hospitaliza-
tion, and invasive medical treatment. The combination of
medications, traumatic stress, pain, inflammation, hypox-
emia, and brain injury may contribute to mood disorders
following critical illness and ICU treatment (McCartney &
Boland, 1994; Skodol, 1999; Szokol & Vender, 2001). The
prevalence and severity of mood disorders including depres-
sion, anxiety and posttraumatic stress disorder (PTSD) in
survivors of critical illness is heterogenous (Michaels et al.,
2000; Milisen et al., 2001; Rincon et al., 2001; Skodol,
1999; Szokol & Vender, 2001). Similarly there is marked
variability regarding the prevalence of depression and anx-
iety in ARDS survivors, with some studies reporting mini-
mal mood changes (Hopkins et al., 1999) whereas others
report depression in over 50% of survivors (Angus et al.,
2001; Nelson et al., 2000).

Health related quality of life is defined as a set of caus-
ally linked dimensions of health, with biological0
physiologic, mental, physical, social function, cognitive,
and health perception of quality of life (Weinert et al., 1997).
Health related quality of life has emerged as an important
measure of outcome in a variety of disease states, and may
be particularly important following ICU treatment where
interventions can maintain life but may lead to significant
morbidity. Critically ill patients with severe sepsis (Hey-
land et al., 2000) and prolonged mechanical ventilation
(Combes et al., 2003) have significantly lower health-
related quality of life. A number of recent studies have
reported decreased quality of life in ARDS survivors. For
example, ARDS survivors’ quality of life scores were very
low at extubation, increased substantially at 3 months with
only slight improvement at one year (Weinert et al., 1997).

Survivors of ARDS have significantly lower health-
related quality of life primarily in physical domains (e.g.,
physical functioning, bodily pain, and role physical; David-
son et al., 1999; Hopkins et al., 1999; Weinert et al., 1997);
which are associated with pulmonary symptoms (McHugh
et al., 1994; Weinert et al., 1997), abnormal pulmonary

function (Orme et al., 2003; Schelling et al., 1998), and
persistent muscle wasting and weakness (Herridge et al.,
2003). Not only is the observation of decreased physical
functioning common across studies but it persists at least 2
years post-hospital discharge (Angus et al., 2001; Davidson
et al., 1999; Schelling et al., 1998; Weinert et al., 1997). In
contrast, depression and PTSD following ARDS are asso-
ciated with lower quality of life on the emotional domains
and with disability and unemployment (Rothenhausler
et al., 2001).

Cognitive impairment is a major threat to both functional
recovery and quality of life following an acute illness
(National Research Council, 2000). Health care profession-
als, patients, and families, are increasingly concerned with
the patients the quality of life following a critical illness.
Quality of life is in part determined by the ability to return
to the pre-illness level of cognitive performance (Davidson
et al., 1999; Scragg et al., 2001). The costs of long-term
cognitive impairment are high as they result in increased
medical and disability costs, and prevent return to work.
For example, the “per-patient societal cost burden” for even
mild cognitive impairments is over $15,000 per year, and
considerably higher ($34,515) for individuals with moder-
ate to severe cognitive impairments (Rockwood et al., 2002).

There is limited research regarding the relationships
between cognitive and emotional sequelae and quality of
life in ARDS survivors. The only study that compared qual-
ity of life in ARDS survivors with cognitive impairments
(N 5 11) and those with no impairments (N 5 35), found
lower quality of life in individuals with cognitive impair-
ments for the role physical and social functioning domains
on the SF-36 (Rothenhausler et al., 2001). The purpose of
this study was to assess the relationship between cognitive
outcome, emotional outcome, and quality of life in ARDS
survivors, 1 year after hospital discharge, using a prospec-
tive cohort design.

METHODS

Research Participants

The ARDS survivors were approached to participate in a
prospective longitudinal outcome study to assess health-
related quality of life, cognitive, and emotional outcome at
hospital discharge and 1 year post-hospital discharge. Patients
were excluded from the study if they had a traumatic brain
injury, history of neurologic disease (i.e., multiple sclero-
sis, stroke, dementia, etc.), psychotic disorder, or prior
comorbid disease with known cognitive effects (i.e., HIV,
coronary artery bypass surgery, chronic obstructive pulmo-
nary disease, etc.). Patients with premorbid cognitive dis-
ability were identified by chart review, interview of the
patient’s significant other,and patient interview prior to
signing informed consent. This outcome study was approved
by LDS Hospital Institutional Review Board and con-
formed to institutional and federal guidelines for the pro-
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tection of human subjects. Written informed consent was
obtained from the patient prior to hospital discharge, after
treatment of ARDS.

Seventy-eight consecutive ARDS survivors were evalu-
ated for this study. Three survivors were excluded at the
initial evaluation: two with premorbid cognitive disability,
one with Alzheimer’s disease, and one patient declined the
study. Seventy-four patients completed the hospital dis-
charge evaluation and 66 completed the 1-year evaluation.
Three ARDS survivors died in the first year following hos-
pital discharge from: pulmonary fibrosis0cor pulmonale,
liver failure, or diabetic complications. Five survivors
declined to return when contacted (e.g., inconvenience or
not interested). Patient demographic, medical (e.g., length
of stay, Acute Physiologic and Chronic Health Evalua-
tion II (APACHE II) score (Knaus et al., 1985), LDS Hos-
pital multiple organ failure score (MOF; Suchyta et al.,
1991), laboratory values, ventilator, and outcome data were
collected prospectively for all enrolled patients. APACHE
II is a severity of disease classification system (Knaus et al.,
1985) which scores patients on a number of variables includ-
ing age, previous health status, initial routine physiologic
measurements, admission type (medical or surgical) and
the patient diagnosis. The scores range from zero to 71,
with higher scores indicating increased illness severity
(Knaus et al., 1985).

Eligible ARDS patients were enrolled in the neuropsy-
chological outcome study from a mechanical ventilation
study. The inclusion criteria for the ventilation study were
tracheal intubation, PaO20FiO2 #150 mm Hg, pulmonary
wedge pressure#18 mm Hg (when available), no clinical
evidence of congestive heart failure, diffuse infiltrates in
three out of four quadrants on chest radiographs, age.16
years, and presence of an ARDS risk factor (e.g., aspira-
tion, multiple trauma, pancreatitis, pneumonia, or sepsis).
Patients were excluded if they had disease states that were
not reversible (e.g., liver failure, malignancy, patients with
acquired immune deficiency syndrome), traumatic brain
injury, prior neurologic disease, prior cognitive disability,
or if they were enrolled in another ARDS study.

Continuous oxygen saturation data to assess hypoxemia
was automatically collected using the Ohmeda Biox 3700
and 3740 devices connected to a computer (routine in all
ICU patients). Continuous pulse oximetry measurements
were assessed during ventilatory support in the ARDS sur-
vivors. A detailed description of the methods can be found
elsewhere (Hopkins et al., 1999). The saturation readings
were sampled every two minutes and the median value for
each 15-min period was recorded (Oniki & Gardner, 1994),
and categorized if below 90% saturation. We calculated the
length of desaturation events by adding consecutive mea-
surements that were below saturation threshold.

Quality of Life Questionnaire

The Medical Outcome Study 36-Item Short Form Health
Survey (SF-36; Stewart et al., 1988; Ware et al., 1994) was

used to assess health-related quality of life. The eight
domains of the SF-36 (physical functioning, role-physical,
bodily pain, general health, vitality, social functioning, role-
emotional, and mental health), are clustered to form two
higher-orders domains, the physical and mental health sum-
mary scores. Each domain is scored from zero to 100, with
higher score indicating better health-related quality of life.
The SF-36 has been used in a variety of patient populations
and norms for age and gender are available (Ware, 1993;
Ware et al., 1994).

Neuropsychological Tests

Cognitive outcome assessed the following cognitive domains
including intellectual function, attention0concentration,
memory, mental processing speed, executive function, ver-
bal abilities, and visual–spatial abilities. For a description
of the tests and references refer to Naugle et al., (1998).
The neuropsychological tests included the Weschler Adult
Intelligence Scale–Revised (WAIS–R), Weschler Memory
Scale–Revised (WMS–R), Rey Auditory–Verbal Learning
Test (RAVLT), Rey-Osterrieth Complex Figure Test (copy,
immediate and 30-min delayed recall), Trail Making Test
Parts A and B, and Verbal Fluency (lettersF, A, S). We
choose this test battery because of its sensitivity in detect-
ing impairments in patients with pulmonary disorders and
concomitant hypoxemia (Gale & Hopkins, 2004; Gale et al.,
2000; Hopkins et al., 1998; Weaver et al., 2002). Scores
were transformed to demographically correctedT scores
(Heaton, 1994; Heaton et al., 1991) for the WAIS–R and
Trail Making Test Parts A and B.T scores were calculated
using normative data for the ROCF, RAVLT, and WMS–R
scores.

A priori the presence of cognitive sequelae was defined
as scores on two or more neuropsychological tests that were
.1.5 SDor 1 test score that was.2 SDbelow the norma-
tive population mean. The following scores were used to
determine cognitive sequelae: either VIQ or PIQ (the low-
est of the two scores were used if both were.1.5SDbelow
the mean) from the WAIS–R, digit symbol from the WAIS–R,
Trial 1 (learning) and delay recall trial (memory) from the
RAVLT, Attention0Concentration and Delay Recall Indices
from the WMS–R, Trails A, Trails B, Verbal Fluency total
score, and the delay recall score of the ROCF. Our defini-
tion of cognitive sequelae is similar to those used in previ-
ous studies following carbon monoxide poisoning (Weaver
et al., 2002), and post-cardiac bypass graft surgery (New-
man et al., 2001a, 2001b).

In order to assess the magnitude of neurocognitive impair-
ment, an overall impairment score was derived using theT
scores (M 5 50,SD5 10), and assigning a numeric value of
1 for eachSD the T scores were.1 SD below the mean,
and summing the total number ofSDs below the mean across
all tests.

Emotional state was assessed using the Beck Depression
Inventory (Beck, 1996) and Beck Anxiety Inventory (Beck
& Steer, 1993). For the BDI, scores of zero to 9 indicate
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minimal, 10 to 16mild, 17 to 29moderate, and 30 to 63
severe depression. For the BAI, scores of zero to 7 indicate
minimal, 8 to 15 mild, 16 to 25moderate, and 26 to 63
severe anxiety.

Statistics

Descriptive statistics were carried out for demographic, med-
ical, cognitive, and health-related quality of life scores. Cog-
nitive sequelae are reported as percentage of patients with
sequelae at hospital discharge and 1 year post discharge.
The McNemar test was used to determine if ARDS survi-
vors at 1 year experience change in cognitive sequelae sta-
tus (sequelae, no sequelae) from hospital discharge to 1
year following ARDS. Pairedt tests were performed to deter-
mine if neuropsychological test scores changed from hos-
pital discharge to 1 year following ARDS.

Primary Analysis

Pearson’s correlation coefficients were calculated for each
variable pair across any two domains in order to test if
statistically significant associations exist between domains.
Correlation coefficients were statistically significant at a
.01 two-sided significance level in order to reduce the num-
ber of spuriously significant findings resulting from multi-
ple comparisons.

Secondary Analysis

Independentt tests were performed to determine if the qual-
ity of life, emotional state, medical, and demographic fac-
tors were different between patients who have cognitive
sequelae 1 year following ARDS and those with no cogni-
tive sequelae 1 year following ARDS. Data are expressed
asM 6 SD. All t tests were tested at a .01 two-sided signif-
icance level. Pearson’s correlation coefficients were calcu-
lated for duration of hypoxemia during ICU treatment with
neurocognitive test scores at hospital discharge and at 1
year outcome were considered statistically significant at
the .01 two-sided significance level.

RESULTS

Descriptive statistics and medical data for the ARDS patients
are presented in Table 1. There were 41 females and 33
males, with a mean age of 45.86 16.4 years (range
16–81 years) and a mean education level of 13.16 2.3
years (range 9–22 years). TheARDS patient were 95% White
and 5% Hispanic. The 1-year follow-up rate was 89% and
excluding patients that died was 93%. The ARDS patients’
mean oxygen saturation,90% during ICU treatment was
105.96 127.6 hr (range 0–656.3 hr).

Neuropsychological Outcome

Seventy-three percent of patients (54 of 74) had cognitive
sequelae at hospital discharge. For ARDS survivors who

completed the 1-year outcome, 69.7% (46 of 66) had cog-
nitive sequelae at hospital discharge, while 45.5% (30 of
66) had cognitive sequelae at 1 year post discharge. Four-
teen of 66 ARDS survivors (21.2%) experienced no cogni-
tive sequelae at either time, while 24 of 66 (36.4%) had
cognitive sequelae at hospital discharge and at 1 year post
discharge. In addition, 22 of 66 ARDS survivors (33.3%)
improved over time, having cognitive sequelae at hospital
discharge but not at one-year. Six of 66 (9.1%) had cogni-
tive sequelae 1 year following ARDS, but not at hospital
discharge. The McNemar test indicated that cognitive
sequelae in the ARDS survivors were more likely to improve
than get worse over time (exactp value5 .004). The ARDS
patients have cognitive impairments in the domains of mem-
ory, attention0concentration, executive function, mental pro-
cessing speed and general intellectual decline but not verbal
production. Pairedt tests for the ARDS survivors’ neuro-
psychological test scores at hospital discharge to 1-year
follow-up are shown in Table 2.

The magnitude of neurocognitive impairment was assessed
using the overall impairment mean scores. The mean over-
all impairment score (number ofSDs below the mean) at
hospital discharge was 13.36 8.7 (range 0–42), at 1 year
5.76 5.8 (range 0–26).

The mean scores for the BDI and BAI were 9.36 9.5
(range 0–41) and 9.669.8 (range 0–43) respectively, which
are not different from the normal population. However, 13
ARDS patients (20%) had mild, 7 patients (11%) moderate,

Table 1. Medical data for ARDS survivors

Medical variables M 6 SD Range

Number of ARDS risk factors 3.16 1.3 0 to 11
Intubation duration (days) 27.96 18.9 2.8 to 93.5
ICU length of stay (days) 33.56 20.4 5.3 to 97.7
Hospital length of stay (days) 38.66 21.5 7 to 122

Study enrollment
APACHE II score 18.16 6.6 5 to 41
MOF score 7.26 3.5 0 to 18
PaO20FiO2 106.76 31.6 54.0 to 150.6
FiO2 (%) 67.66 15.4 40 to 100
PaO2 mmHg 68.66 13.3 47 to 121

Total ICU stay
Mean MOF score 6.56 2.2 0 to 18
Mean PaO20FiO2 186.76 65.4 54.0 to 201.6
Mean FiO2 mmHg 51.76 9.5 35.1 to 74.0
Mean PaO2 mmHg 69.06 5.9 57.2 to 85.8

ARDS5 Acute respiratory distress syndrome.
ICU 5 Intensive care unit.
APACHE II 5 Acute Physiology and Chronic Health Evaluation (Knaus,
Draper et al., 1985).
MOF 5 multiple organ failure (Suchyta et al., 1991).
PaO20FiO25Ratio of arterial oxygen tension to fraction of inspired oxygen.
FiO2 5 fractional inspired concentration of oxygen.
PaO2 5 arterial oxygen tension.
ARDS risk factors are aspiration, multiple trauma, pancreatitis, pneumo-
nia, sepsis, systemic inflammatory response, shock, major surgery, chronic
alcohol use, multiple fractures, near drowning, or amniotic fluid emboli.
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and 4 patients (6%) severe symptoms of depression on the
BDI. Ten ARDS patients (15%) had mild, 10 patients (15%)
moderate, and 6 patients (9%) severe symptoms of anxiety
on the BAI.

Quality of Life

Figure 1 shows the SF-36 scores for hospital discharge and
one year follow up compared to normative population data.

The ARDS patients had significantly lower quality of life
on all scales compared to normative data (t 5 19.9–4.1,
p , .01–.001). At 1-year follow-up the ARDS survivors
SF-36 scores improved for physical functioning (t 5 5.4,
p , .01), role physical (i.e., problems at work or physical
activity due to physical health;t 5 5.6, p , .01), vitality
(t 5 3.5,p , .01), and social functioning (interference with
normal social activities due to physical or emotional prob-
lems; t 5 6.4, p , .01). Alternatively, ARDS survivors’

Table 2. ARDS survivors’ neuropsychological tests scores at discharge and 1-year follow-up

Neuropsychological test
Hospital
discharge 1 year p

Hospital
discharge
T scores

1 year
T scores p

WAIS–R
VIQ 92.66 12.3 99.06 11.6 ,.001 40.06 8.3 44.86 7.8 ,.001
PIQ 86.36 10.4 98.36 12.4 ,.001 37.96 7.4 47.26 8.9 ,.001
FSIQ 86.76 10.8 98.86 12.4 ,.001 39.26 7.7 44.968.5 ,.001

Information 8.96 2.8 9.36 2.9 .05 44.36 8.8 45.76 10.1 ns
Digit Span 8.36 2.3 9.16 2.4 ,.001 42.96 9.8 47.86 9.0 ,.001
Vocabulary 9.06 2.1 9.36 2.3 .02 44.46 7.4 45.86 7.3 .04
Arithmetic 7.56 2.4 8.96 3.0 ,.001 40.76 9.9 45.36 10.9 ,.001
Comprehension 8.26 2.3 8.66 2.2 ns 41.96 7.6 43.26 7.0 ns
Similarities 8.66 2.5 10.16 2.3 ,.001 45.96 7.4 51.76 9.6 ,.001

Picture Completion 7.46 2.3 8.66 2.2 ,.001 44.26 9.1 48.16 7.5 ,.001
Picture Arrangement 6.76 1.9 8.36 2.3 ,.001 41.86 6.6 47.86 7.2 ,.001
Block Design 6.76 2.3 8.46 2.4 ,.001 41.16 8.3 47.96 9.0 ,.001
Object Assembly 6.36 2.2 8.36 2.6 ,.001 39.86 8.0 47.46 9.4 ,.001
Digit Symbol 5.46 2.2 7.76 2.7 ,.001 36.86 7.9 45.96 9.3 ,.001

Verbal Fluency
Total Score 28.16 9.7 37.96 11.9 ,.001

ROCF
Copy 26.06 8.8 31.46 7.0 ,.001 44.96 7.8 48.26 7.4 ,.001
Immediate recall 10.86 6.9 15.96 7.0 ,.001 37.96 9.9 43.16 7.8 ,.001
30-min delay recall 11.56 9.8 15.26 7.2 .01 39.56 13.5 45.26 9.6 .01

RAVLT
Trial 1 4.86 1.3 5.86 1.9 .002 49.16 11.8 55.66 12.0 .01
Trail 5 8.76 2.9 10.46 2.3 ,.001 43.96 14.5 52.96 12.8 ,.001
30-min delay free recall 6.16 3.3 8.46 2.5 ,.001 43.16 13.5 52.46 10.0 ,.001

WMS–R
Verbal memory index 90.56 12.2 93.96 12.2 ns 42.76 8.1 46.06 8.1 ns
Visual memory index 94.36 13.3 1006 13.3 .02 46.36 8.8 49.96 8.9 .03
General memory index 91.96 13.8 95.96 10.6 ns 44.76 9.1 47.36 7.0 ns
Attention0con index 85.16 15.7 91.76 14.8 .01 40.36 10.5 44.56 9.9 .01
Delay recall index 80.66 14.7 87.36 12.2 .006 37.26 9.1 41.56 8.1 .01

Trail Making Test
Part A (time in seconds) 54.56 27.6 36.56 15.9 ,.001 34.66 10.6 45.16 9.8 .001
Part B (time in seconds) 145.86 74.7 84.56 34.9 ,.001 34.56 10.1 47.36 10.2 .001

Data are presented asM 6 SD. WAIS–R5 Wechsler Adult Intelligence Scale–Revised, scores are presented as intelligence quotients
(M 5 100, SD5 15) and subtests are presented as scaled scores (M 5 10, SD5 3). TheT scores are age, gender and education
corrected scores using the norms by Heaton (1994) and Heaton et al. (1991) for WASI–R, and Trail Making Test Parts A and B.
T scores were calculated using normative data for the ROCF, RAVLT and WMS–R scores. The abbreviations are as follows: RAVLT5
Rey Auditory Verbal Learning Test, ROCF5 Rey-Osterrieth Complex Figure Test, ns5 not significant, WMS–R5 Wechsler Memory
Scale–Revised, scores are presented as Index scores (M 5 100,SD5 15). All other tests are presented as raw scores.
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quality of life did not improve for the domains of bodily
pain, general health, role emotional, and mental health.

Primary Analysis

Cognitive sequelae, individual neuropsychological test
scores, nor the overall impairment score (number of stan-
dard deviations below the mean) correlated with quality of
life, depression (BDI), or anxiety (BAI) at 1-year follow-
up. However, ICU length of stay was associated with worse
physical functioning (r 5 2.340,p 5 .005) and role phys-
ical (r 5 2.430, p , .001) on the SF-36. Other hospital
stay variables related to ICU length of stay were hospital
length of stay (LOS) and total intubation duration, which
were also negatively correlated with physical functioning
(hospital LOS:r 5 2.347,p 5 .004; intubation duration:
r 5 2.361,p 5 .003) and role physical (hospital LOS:r 5
2.451,p , .001; intubation duration:r 5 2.405,p5 .001).
APACHE II score, a measure of illness severity, at study
enrollment was negatively correlated with delayed visual
memory 1 year post discharge (r 5 2.352,p 5 .004). The
ARDS survivors’ emotional state, depression (BDI scores)

and anxiety (BAI scores) correlated with all domains on the
SF-36, except for physical functioning (Table 3). Figure 2
shows the correlations between the BDI and BAI scores
and general health and mental domains of the SF-36.

Secondary Analysis

Independentt tests comparing quality of life domains
(SF-36), emotional state (BDI and BAI scores), hospital-
stay variables and demographic factors between ARDS sur-
vivors were not different between the cognitive sequelae
and no cognitive sequelae groups (Table 4 and Figure 3).

Correlations

Since there were no differences in the mean oxygen desat-
uration duration,90% for ARDS patients with cognitive
sequelae 110.66 113.8 hr (n5 30) compared to those with
no cognitive sequelae 115.06 152.0 hr (n 5 36; p 5 .89),
the two subgroups were combined for analyses. There were
no significant correlations at the .01 level with hypoxia
,90% SaO2 and neuropsychological test scores.

Fig. 1. The figure shows the SF-36 scores for the
ARDS survivors at hospital discharge and one year
compared to normative data (Ware, 1993). Data
are presented as mean6 standard error. Both the
hospital discharge and 1-year follow-up scores are
significantly lower compared to normative data.
The abbreviations are PF5 physical functioning,
RP5 role physical, BP5 bodily pain, GH5 gen-
eral health, V5 vitality, SF5 social functioning,
RE5 role emotional, and MH5 mental health.

Table 3. Correlations between SF-36 domains and BDI and BAI scores for ARDS survivors

Quality of Life domains (SF-36) Depression (BDI) Anxiety (BAI)

Physical Functioning 2.286,p 5 .020 2.303,p 5 .013
Role Physical 2.458,p , .001** 2.451,p , .001**
Bodily Pain 2.564,p , .001** 2.576,p , .001**
General Health 2.587,p , .001** 2.507,p , .001**
Vitality 2.566,p , .001** 2.574,p , .001**
Social Functioning 2.559,p , .001** 2.555,p , .001**
Role Emotional 2.650,p , .001** 2.448,p , .001**
Mental Health 2.760,p , .001** 2.588,p , .001**

Pearson’s correlation coefficients between emotional state, as measured by the Beck Depression Inventory (BDI) and Beck Anxiety
Inventory (BAI), and quality of life domains from the SF-36. Correlation coefficients significant at a .01 two-sided significance level
( p , .01) were considered statistically significant associations.
**Statistically significant.
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DISCUSSION

Our ARDS patients exhibit significant affective problems
following ARDS, 20% had mild, 11% moderate and 6%
severe symptoms of depression, and 15% had mild, 15%
moderate and 9% severe symptoms of anxiety. The relation-
ship between critical illness and emotional (mood) disor-
ders is increasingly recognized. The prevalence and severity
of depression and anxiety in ICU survivors range from,10%
to 58% (Al-Saidi et al., 2003; Angus et al., 2001; Herridge
et al., 2003; Hopkins et al., 1999; Kapfhammer et al., 2004;
McCartney & Boland, 1994; Milisen et al., 2001; Orme
et al., 2003; Skodol, 1999; Szokol & Vender, 2001; Weinert
et al., 1997). Prevalence rates for depression and anxiety in
our ARDS patients are similar to those reported in other
critically ill patients (Rincon et al., 2001; Scragg et al.,
2001). Similarly, depression is reported in 22 to 33% of
medical inpatients (Katon & Sullivan, 1990) and 25 to 28%
in patients with cardiac and pulmonary disorders (Silver-
stone, 1996; Silverstone et al., 1996). Anxiety is reported in
5 to 20% in medical inpatients (Strain et al., 1981) and 10
to 40% in patients with pulmonary disorders (Karajgi et al.,
1990; Pollack et al., 1996). The rate of depression in our

ARDS patients is similar to other ARDS populations, med-
ical inpatients, and patients with pulmonary disorders. Alter-
natively, the anxiety in our ARDS patients is higher than
that reported in medical inpatients, but is similar to patients
with pulmonary disorders.

Depression and anxiety in our study were identified using
self-report measures (BDI and BAI) which may over diag-
nose these disorders compared with structured clinical inter-
views. Self-report measures of depression and anxiety are
commonly used in studies in medical populations (Craven
et al., 1988; Kabacoff et al., 1997). Most previous ARDS
studies use self-report measures to assess depression and
anxiety (Hopkins et al., 1999; Nelson et al., 2000; Orme
et al., 2003; Schelling et al., 2003; Weinert et al., 2001) but
the measures varied across studies making comparisons
across studies difficult. Had we used clinician ratings to
assess depression and anxiety, the prevalence may be lower
than what we found using the BDI and BAI. However, pre-
vious studies have shown moderate correlations between
clinician ratings of depression and BDI scores (.62–.66) in
normal individuals (Foa et al., 1993) and .55 to .96 in psy-
chiatric patients (Groth-Marnat, 1990). The prevalence of
depression was 22 to 33% medical inpatients using depres-

Fig. 2. The figure shows correlations between two SF-36 domains with depression and anxiety. Panel A shows the
scatter plot and fit line between BDI and general health scores and Panel B shows BDI and mental health scores. Panel
C shows the scatter plot and fit line between BAI and general health scores and Panel C shows BAI and mental scores.
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sion self-rating scales (Katon & Sullivan, 1990) and 25 to
28% when using structured psychiatric interviews (Silver-
stone, 1996).

One limitation of the BDI is that seven of the items mea-
sure physical symptoms (somatic items) of depression there-
fore the depression reported by our ARDS subjects may
reflect physical problems associated with ARDS, which may
increase the severity and prevalence of depression. A study
in individuals with traumatic brain injury compared the
cognitive–affective with the somatic items on the BDI, and
found higher endorsement of the cognitive–affective items
compared to the somatic items suggesting that the BDI may
be an effective tool for evaluating depression even in dis-
orders associated with somatic symptoms (Green et al.,
2001). Research is needed to determine the extent to which

somatic symptoms influence reporting of depression in
ARDS patients.

The high rate of affective disorders in the ARDS patients
raise questions regarding the etiology of depression and
anxiety following critical illness. While the etiology of mood
disorders following critical illness is unclear, they are thought
to be associated with biological changes (Morrison & Kas-
tenberg, 1997). For example depression has been associ-
ated with elevated cytokines (Katz, 1996), activation of the
hypothalamic pituitary axis (Gold et al., 1995), cerebral
atrophy (Pearlson et al., 1989) hypoxemia (Katz, 1982),
and neurotransmitter aberrations due to brain injury (Frasure-
Smith et al., 1995). Sedative medications (Nelson et al.,
2000), pain, altered sensory inputs, and traumatic stress
(McCartney & Boland, 1994; Skodol, 1999; Szokol &

Table 4. Comparisons of quality of life domains (SF-36), emotional state (depression and anxiety),
medical variables, and demographic variables for ARDS patients with and without cognitive sequelae

Outcome measures

Cognitive sequelae
M 6 SDor %

(n 5 30)

No cognitive sequelae
M 6 SDor %

(n 5 36) p

Quality of Life (SF-36)
Physical Functioning 54.26 29.1 56.76 32.8 .75
Role Physical 29.26 40.5 47.26 39.5 .07
Bodily Pain 54.76 30.4 61.76 30.9 .36
General Health 48.36 26.0 54.76 27.0 .33
Vitality 50.0 6 24.0 50.06 25.1 1.00
Social Functioning 70.86 30.3 72.66 29.7 .82
Role Emotional 68.96 38.1 75.96 39.5 .47
Mental Health 69.96 22.9 73.76 23.9 .52

Emotional Functioning
BDI 11.56 10.1 7.36 8.8 .08
BAI 10.6 6 10.9 8.66 8.0 .43

Hospital Medical Variables
Total ICU LOS (days) 39.56 21.8 30.86 19.2 .09
Hospital LOS (days) 44.36 24.5 35.76 18.7 .11
Intubation Time (days) 33.46 19.3 25.66 18.9 .10
APACHE II 18.16 6.0 17.76 6.5 .83
PaO20FioO2 1386 34 1386 33 .97
FiO2 (%) 52.26 9.8 51.76 9.8 .82
PaO2 69.16 6.1 68.56 5.9 .67
PaCO2 44.16 11.7 42.86 10.3 .62
pH 7.426 0.05 7.426 0.05 .64
SpO2 89.56 3.8 89.86 2.8 .74
MOF at study enrollment 7.36 3.3 7.26 3.6 .91
Mean MOF score 6.46 1.9 6.46 2.4 .94
Total hr O2 , 90% 110.66 113.8 115.06 152.0 .89
Total hr O2 , 85% 8.26 10.9 13.86 32.9 .38
Total hr O2 , 80% 0.56 1.0 1.06 3.2 .39

Demographics
Age (years) 48.06 17.7 46.66 15.9 .73
% female 53.3% (16030) 55.6% (20036) 1.00
Education (years) 12.46 2.0 13.36 1.8 .06

BDI 5 Beck Depression Inventory, BAI5 Beck Anxiety Inventory, ICU5 Intensive Care Unit, LOS5 Length of Stay, APACHE II5
Acute Physiology and Chronic Health Evaluation (Knaus et al., 1985), and MOF5 multiple organ failure (Suchyta et al., 1991).
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Vender, 2001) may also contribute to affective morbidity
following critical illness. Given the significant correlations
between depression and low quality of life in our ARDS
patients, the depression may be due in part to a psycholog-
ical reaction to ARDS related physical and cognitive mor-
bidity.

Relationships Between Quality of Life and
Depression, Anxiety and Illness Severity

Depression, anxiety, duration of intubation, ICU length of
stay, and hospital length of stay were associated with
decreased quality of life for all domains, except physical
functioning (SF-36; Table 3). As expected, the decreased
quality of life in our ARDS survivors is similar to previous
studies (Al-Saidi et al., 2003; Angus et al., 2001; Davidson
et al., 1999; Herridge et al., 2003; Hopkins et al., 1999;
McHugh et al., 1994; Rothenhausler et al., 2001; Schelling
et al., 1998; Weinert et al., 1997). A study in patients with
acute lung injury (milder form of ARDS) found depression
and psychosocial symptoms were associated with lower life
satisfaction but not with physical problems or limitations
(Weinert et al., 1997). Our findings differ from those of
Weinert and coworkers in that decreased quality of life was
associated with all domains, except physical functioning,
including physical role and general health. Similarly depres-
sion correlates with poor functional status and decreased
ability to perform activities of daily living in patients with
chronic obstructive pulmonary disease (COPD; Toshima
et al., 1992). Decreased health-related quality of life on the
psychosocial domains of the SF-36 (e.g., role emotional,
mental health and vitality) are associated with PTSD in
ARDS patients (Kapfhammer et al., 2004; Schelling et al.,

1998). Affective morbidity and its relationship with
decreased quality of life are likely multifactorial and addi-
tional research is needed to understand patient predisposi-
tion, illness and treatment-specific contributions to affective
morbidity.

Cognitive Sequelae

We found significant cognitive sequelae in our ARDS sur-
vivors at hospital discharge (75%) and at 1 year (45%). The
ARDS survivors’cognitive function modestly improved from
hospital discharge to 1 year, however almost one-half of the
patients still had significant cognitive sequelae at 1 year. At
1 year approximately 50% of ARDS survivors neuropsy-
chological test scores fell below the 6th percentile of the
normal distribution of cognitive function. These ARDS sur-
vivors’ impairments included executive function, memory,
attention, and slow mental processing speed.

The cognitive impairments are similar to our previous
report (Hopkins et al., 1999), other ARDS investigations
(Al-Saidi et al., 2003; Marquis et al., 2000; Rothenhausler
et al., 2001), and medical ICU survivors (Jackson et al.,
2003). However the prevalence of cognitive impairment
varies across studies. While 46% of our ARDS survivors
had cognitive sequelae at 1 year, other investigations report
prevalence rates of 20 to 35% (Al-Saidi et al., 2003; Jack-
son et al., 2003; Rothenhausler et al., 2001). It is difficult to
compare our results to previous findings (Al-Saidi et al.,
2003; Jackson et al., 2003; Marquis et al., 2000; Rothen-
hausler et al., 2001) as our study was different with respect
to definition of sequelae, neurocognitive tests adminis-
tered, time to follow up, patient population, and ARDS dis-
ease severity. For example Al-Saidi and colleagues used a
self-report questionnaire of memory (Al-Saidi et al., 2003),
and Rothenhausler and colleagues administered a brief cog-
nitive test that assessed only memory and attention and
they had a low follow-up rate (Rothenhausler et al., 2001).
Conversely, our ARDS patients had more severe ARDS
(PaO20FiO2 ratio # 150) and we used a comprehensive
neuropsychological test battery that may be more sensitive
to cognitive impairments and identify impairments in more
cognitive domains.

Relationship Between Quality of Life
and Cognitive Sequelae

Cognitive sequelae were not associated with decreased qual-
ity of life in our ARDS survivors. There were no significant
differences between the ARDS survivors with cognitive
sequelae compared to those with no cognitive sequelae on
any SF-36 domain (see Table 4 and Figure 3). In contrast,
cognitive impairments have been associated with decreased
quality of life in ARDS patients, however there was signif-
icant overlap between the ARDS survivors with and with-
out cognitive sequelae on all domains and both subgroups
reported lower quality of life than age and gender related

Fig. 3. The figure shows the SF-36 scores at 1 year for ARDS
survivors with cognitive sequelae and with no cognitive sequelae
compared to normative data (Ware, 1993). There was no differ-
ence on any domain when comparing ARDS survivors with cog-
nitive sequelae compared to those with no cognitive sequelae. The
abbreviations are PF5 physical functioning, RP5 role physical,
BP5 bodily pain, GH5 general health, V5 vitality, SF5 social
functioning, RE5 role emotional, and MH5 mental health.
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normal individuals (Rothenhausler et al., 2001). Similar
findings of decreased quality of life associated with cogni-
tive impairments are found in stroke patients (Kwa et al.,
1996a, 1996b), in ICU survivors following multiple trauma
(Thiagarajan & Miranda, 1995), following traumatic brain
injury (Warren et al., 1996), HIV (Osowiecki et al., 2000),
carbon monoxide poisoning (Churchill et al., 2002), and
COPD (McSweeny & Labuhn, 1996). For example impaired
executive function significantly correlated with poor life
functioning in COPD patients (McSweeny et al., 1985).

The reason for the lack of relationship between cognitive
sequelae and decreased quality of life in our ARDS survi-
vors is unclear. One possible reason that cognitive sequelae
were not related to decreased quality of life is that many of
theARDS subjects report very low quality of life and almost
half have significant cognitive impairments, resulting in a
restricted range.Thus the low SF-36 scores may have resulted
in the non-significant effects. However, SF-36 scores corre-
lated with measures of depression and anxiety, suggesting
that there must be sufficient variability in the SF-36 scores
allowing significant correlations to be detected, if they are
present. A second possibility may be that the physical and
emotional sequelae override the contribution of cognitive
sequelae on quality of life at least in the 1st year afterARDS.
For example decreased quality of life on the physical domains
have been associated with pulmonary function abnormali-
ties (Orme et al., 2003) and persistent physical dysfunction
(Herridge et al., 2003). Similarly emotional sequelae includ-
ing depression and PTSD have been associated with
decreased quality of life (Schelling et al., 1998; Weinert
et al., 1997). Thus, factors besides cognitive function may
account for decreased quality of life in the ARDS patients.

Study Strengths and Limitations

The strengths of this study include the prospective cohort
study design, consistent follow up time, and high follow-up
rate. The relationship between ICU length of stay, depres-
sion, and anxiety and quality of life does not appear to be
due to subject selection bias.

There are several limitations of this study including the
small sample size. A sample of 66 patients will have 90%
power to detect a correlation of .453 or higher when tested
at the .01 two-sided significance level (i.e., null hypothesis
of no association between two factors). Similarly, a sample
with 30 and 36 patients with and without cognitive sequelae,
respectively, will have 90% power to detect 0.82 standard
deviation units when using an independent samplest test
testing at the .05 two-sided significance level. Thus a larger
study might find a relationship between cognitive sequelae
and decreased quality of life.

A second limitation of our study is the lack of an appro-
priate ARDS control group. Since we did not follow a con-
trol group of ICU survivors who did not have ARDS, the
cognitive sequelae we observed may not be specific toARDS
but rather may represent morbidity due to critical illness.
We also did not follow a normal control group; however, it

should be noted that we used demographically (i.e., age,
gender, and education) corrected neuropsychological test
scores for statistical analyses, which provides normative
data for comparison, resulting in improved neurodiagnostic
accuracy by correcting for variables known to affect test
performance.

The improvement from hospital discharge to 1-year
follow-up may be due to practice effects. The improvement
in cognitive function was approximately .3 to .5 standard
deviations, however the improvement in cognitive function
are larger than those observed in most studies of repeated
test administration in stable individuals (Heaton et al., 2001;
Temkin et al., 1999). A final limitation of our study and
most prior studies of quality of life is the inability to mea-
sure premorbid quality of life and neurocognitive function.

CONCLUSION

Acute Respiratory Distress Syndrome is a life-threatening
illness with a high mortality and is associated with signifi-
cant sequelae including physical disabilities, pulmonary func-
tion abnormalities, cognitive impairments, depression, and
anxiety. Decreased quality of life correlated with increased
depression, anxiety, and length of intensive care unit stay,
duration intubation, and hospital length of stay. Mood dis-
orders and illness severity represent important contributors
to decreased quality of life impairments in survivors of crit-
ical illness. Clinicians need to be aware of the brain related
morbidity manifest by cognitive impairments, affective
sequelae, and decreased quality of life following ARDS.
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