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Objective: Little is known about the influence of race and ethnicity on mortality from acute lung
injury. We sought to determine whether black race or Hispanic ethnicity are independently associated
with mortality among patients with acute lung injury.

Design: Retrospective cohort study of patients enrolled in the Acute Respiratory Distress Syndrome
(ARDS) Network randomized controlled trials.

Setting: Adult intensive care units participating in the ARDS Network trials.

Patients: 2362 mechanically ventilated patients (1,715 white, 449 black and 198 Hispanic) with
acute lung injury.

Measurements and Main Results: The primary outcome was 60-day mortality. A secondary
outcome was number of ventilator-free days. Crude mortality was 33% for both blacks and Hispanics
compared with 27% for whites (p=0.02). After adjusting for demographic and clinical covariates,
the association between race/ethnicity and mortality persisted (OR = 1.42; 95% CI 1.10-1.84 for
blacks; OR=1.94; 95% ClI, 1.36-2.77 for Hispanics; OR=1 for whites, reference). After adjustment
for severity of illness (Acute Physiology Score), black race was no longer significantly associated
with mortality (OR =1.25; 95% ClI, 0.95-1.66), whereas the association with Hispanic ethnicity
persisted (OR=2.00; 95% ClI, 1.37-2.90). Hispanics had significantly fewer ventilator-free days
compared with whites after adjustment for demographic and clinical covariates (mean difference in
days =-2.3; 95% CI -3.9 to -0.7).

Conclusions: Black and Hispanic patients with acute lung injury have a significantly higher risk
of death compared to white patients. This increased risk appeared to be mediated by increased severity
of illness at presentation for blacks, but was unexplained among Hispanics.

Keywords
acute lung injury; acute respiratory distress syndrome; race; ethnicity; mortality; epidemiology

Introduction

Racial and ethnic disparities have been well described in many acute and chronic health
conditions, but the influence of race and ethnicity on outcomes of acute lung injury has not
been well investigated. One population-based epidemiologic study found that black men had
the highest annual age-adjusted mortality rate from acute respiratory distress syndrome, the
most severe form of acute lung injury, compared with other racial/ethnic and gender subgroups.
(12.8 per 100,000 compared to 9.1 per 100,000 for white men).1 Whether this higher mortality
rate reflected a higher overall incidence of acute lung injury among blacks or higher case fatality
from acute lung injury remains unknown. In that study, the investigators were unable to adjust
for differences in comorbid conditions or treatment measures that may have confounded or
mediated the higher risk among blacks. Even less is known about outcomes for Hispanic
patients with acute lung injury, as they have not been sufficiently represented in prior studies.
To date, no study has specifically examined the association between race/ethnicity and
mortality (case fatality) from acute lung injury.

The Acute Respiratory Distress Syndrome (ARDS) Network randomized controlled trials
enrolled aracially and ethnically diverse sample of patients with acute lung injury to investigate
potential treatments. The comprehensive collection of patient information in these trials allows
the opportunity to compare outcomes across racial and ethnic subgroups. We evaluated whether
race/ethnicity was independently associated with increased 60-day mortality among patients
with acute lung injury enrolled in the ARDS Network randomized controlled trials.
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Methods

Subjects
The ARDS Network has conducted multiple randomized controlled trials to evaluate
therapeutic interventions for the treatment of acute lung injury. These trials have been described
previously.z'7 Details of the three trials included in this study are shown in Table 1. Briefly,
patients were eligible for trial participation if they met diagnostic criteria for acute lung injury
and required mechanical ventilation (Figure 1). Similar inclusion and exclusion criteria were
used for all three trials. All studies were approved by the National Institutes of Health, the
National Heart, Lung and Blood Institute, and the institutional review boards at each
participating study site.

Measurements

Patients' race/ethnicity was assigned by the study investigators using several sources: 1)
examination of the patient 2) review of the medical record and 3) discussion with family
members. Race/ethnicity was classified into five mutually exclusive categories: White/non-
Hispanic, Black/African American, Hispanic, Asian, American Indian or other. We limited our
analysis to patients identified as White, Black/African American or Hispanic because of the
small numbers of patients in the other racial and ethnic groups.

Demographic and clinical data were collected and included age, gender, body mass index,
cause of lung injury, and comorbid conditions. Baseline measurements were performed
immediately prior to randomization (“Day 0”) and included APACHE (acute physiologic and
chronic health evaluation) 111 score, vasopressor administration, hemodynamic and respiratory
measurements including ventilator parameters.

The primary outcome measure for this analysis was 60-day mortality after study enroliment.
Patients who were discharged home and breathing without mechanical ventilation were
presumed to be alive at day 60. We also evaluated the secondary outcome of ventilator-free
days at day 28 as defined in previous studies.2 97

Statistical Methods

Demographic and baseline clinical characteristics of the different race/ethnicity groups were
compared using a chi-square or Fisher exact test for categorical variables and an analysis of
variance (ANOVA) or Kruskal-Wallis test for continuous variables.

We used logistic regression to evaluate the potential independent effect of race/ethnicity on
60-day mortality. Linear regression was used to evaluate the effect of race on the continuous
outcome of ventilator-free days. To create the regression models, we selected variables for
inclusion if they were thought to be possible confounders in the relationship between race/
ethnicity and mortality from acute lung injury. We included variables if they were associated
(p<0.20) with race/ethnicity in the bivariate analyses or if they were considered clinically
relevant on an a priori basis. The initial model included age, gender, body mass index, cause
of lung injury (pneumonia, sepsis, aspiration, trauma, transfusion, other or unknown)
PaO,:FiO, ratio, comorbid conditions (diabetes, chronic dialysis, HIV/AIDS, cirrhosis, solid
tumors, leukemia, lymphoma and immunosuppression) and receipt of low tidal volume
ventilation. Patients were categorized as having received low tidal volume ventilation if they
were assigned to the low tidal volume arm in the first trial. All patients in the second and third
trials were categorized as having received low tidal volume ventilation as specified by the study
protocols.5'7 Backwards selection was used and the likelihood ratio test compared nested
models. We removed variables if their removal did not cause a statistically significant change
in the overall model (p>0.05). We also considered possible confounding by the trial in which
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the patient was enrolled. Finally, we used generalized estimating equations to take patient
clustering by hospital site into account.

To investigate the relationship between race/ethnicity and mortality, we used sequential stages
of modeling by adding groups of covariates (Table 3). First, we examined 60-day mortality
and adjusted for age only. Next we included gender, the trial of enrollment, receipt of low tidal
volume ventilation, comorbid conditions (HIV/AIDS, lymphoma, immunosuppression), cause
of lung injury (trauma and sepsis), and PaO»:FiO, ratio (model 2). Finally, to assess whether
baseline severity of illness explained any of the effect of race/ethnicity on mortality, the APS
(Acute Physiology Score), calculated from the APACHE (Acute Physiology and Chronic
Health Evaluation) Il score, was added to the model (model 3). We performed the same
sequential modeling using linear regression to investigate the relationship between race/
ethnicity and ventilator-free days. Because 172 patients (7.3% of cohort) had missing values
for one or more variables, they were excluded from the regression analysis. The models had
approximately equivalent specification and performance for each racial/ethnic group.

Rather than being a confounder, we hypothesized that severity of illness might be an important
mechanism underlying any association between race/ethnicity and mortality from acute lung
injury. Thus, we did not include APS as a covariate in the initial regression models. Instead,
we used a bootstrap procedure to determine the extent to which severity of illness was mediating
the effect of race/ethnicity on mortality. The bootstrap procedure compared the regression
coefficients for race/ethnicity using two different models- one including and one excluding the
APS. The bias-corrected bootstrap estimate provided the percentage decrease in the race/
ethnicity coefficient due to mediation by severity of illness with 95% confidence intervals.

To investigate whether the effect of any trial interventions (lower tidal volume ventilation,
higher PEEP, pulmonary artery catheter or a fluid conservative management strategy) varied
by race/ethnicity, we evaluated possible statistical interaction (multiplicative or additive)
between race/ethnicity and each intervention. To evaluate possible multiplicative interaction,
we used logistic regression and the likelihood ratio test to compare a model including the race/
ethnicity-treatment interaction terms with a nested model that included only the main effects
and race/ethnicity and no interaction terms. A statistically significant interaction term would
indicate that the efficacy of a treatment intervention differed by racial/ethnic subgroup. To
evaluate possible additive interaction, we used generalized linear modeling (GLM) and the
likelihood ratio test to compare amodel including the race/ethnicity-treatment interaction terms
with a nested model that included no interaction terms. We used the same techniques to evaluate
whether the association of race/ethnicity and mortality varied by age, gender or BMI.

We used STATA, version 9.2 (College Station, Texas) for all analyses. Statistical significance
was defined as a two-tailed p<0.05.

There were a total of 2362 patients in the cohort including 449 blacks and 198 Hispanics.
Baseline characteristics by race/ethnicity are shown in Table 2. Hispanic patients were the
youngest on average. Black patients had greater severity of illness at baseline, as measured by
the APS and were more likely to have pneumonia as the cause of acute lung injury. Blacks
were also more likely to have HIV or AIDS, end-stage renal disease or cirrhosis. Hispanic and
black patients had a greater degree of acidosis and lower partial pressure of carbon dioxide
(PaCO»). Hispanic patients had the lowest PaO,:FiO, ratio, while black patients had the
highest. Prior to enrollment, blacks received lower weight-adjusted tidal volumes on average
compared to whites and Hispanics.
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There was 29% overall mortality at day 60 among the study participants. Blacks and Hispanics
had higher mortality, 33% in each group, compared to 27% for whites (p-value=0.02). Both
blacks and Hispanics had a significantly increased risk for mortality after age adjustment (Table
3). Further adjustments for gender, receipt of low tidal volume ventilation, trial of enroliment,
comorbid conditions (HIV/AIDS, lymphoma, immunosuppression) cause of lung injury
(sepsis, trauma) and PaO,:FiO, minimally affected the association between black race and
mortality (OR=1.42; 95% ClI, 1.10-1.84) and Hispanic ethnicity and mortality (OR=1.94; 95%
Cl 1.36-2.77). After adjustment for severity of illness, the association between black race and
mortality was no longer statistically significant, whereas the increased mortality risk associated
with Hispanic ethnicity persisted (Table 3).

Using the bootstrap procedure, we estimated that severity of illness, measured by APS,
accounted for 30% (95% CI 7-95%) of the association between black race and mortality. The
addition of APS did not substantively alter the association of Hispanic ethnicity with mortality
risk.

White patients had the greatest number of ventilator-free days in the unadjusted analysis with
a median of 16 days (IQR 0-27) compared to 15 days (IQR 0-27) for blacks and 12 days (IQR
0-27) for Hispanics (p= 0.06). After age adjustment, black and Hispanic patients had
significantly fewer ventilator-free days compared to white patients (Table 4). Further
adjustments for gender, receipt of low tidal volume ventilation, trial of enrollment, comorbid
conditions (HIV/AIDS, lymphoma, immunosuppression), cause of lung injury (trauma, sepsis)
and PaO,:FiO, ratio attenuated the difference between blacks and whites and the confidence
interval included no effect. Hispanic ethnicity remained associated with fewer ventilator-free
days after controlling for covariates including APS.

There were no significant multiplicative or additive interactions between race/ethnicity and
any of the treatment interventions (p>0.10 for all interaction terms). Nor were there significant
multiplicative or additive interactions between race/ethnicity and age, gender or BMI (p>0.10
for all interaction terms). The hierarchical analyses that accounted for patient clustering within
hospitals did not substantively change the point estimates or confidence intervals for either 60-
day mortality or ventilator-free days.

Discussion

In this study of patients with acute lung injury who were enrolled in the ARDS Network
randomized controlled trials, both black and Hispanic patients had a significantly higher risk
of 60-day mortality compared to white patients and Hispanics had significantly fewer
ventilator-free days. The increased mortality risk among blacks was largely explained by their
greater severity of illness at presentation. In contrast, the increased mortality risk among
Hispanics was not fully explained by differences in patient characteristics or disease severity.

The primary implication of these findings for black patients with acute lung injury is that their
greater severity of illness at presentation may be primarily responsible for their elevated
mortality risk. Prior studies have also reported that black patients present later in their disease
course with greater severity of illness at hospital admission compared with white patients, yet
the reasons underlying this finding are not clear.9: 10 Delay in the diagnosis of acute lung
injury may have occurred, which could be related to either patient-related or physician practice
factors. Because severity of illness is a major determinant of mortality risk in patients with
%(iutleung injury, itis not surprising to find that it contributes to worse outcomes among blacks.

Our finding of worse outcomes among critically ill Hispanic patients highlights a potentially
vulnerable subgroup of acute lung injury patients. For Spanish-speaking patients, language
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barriers may be significant and lead to delay both in seeking medical care and in being
appropriately diagnosed with acute lung injury. This may be a potential explanation for our
findings among Hispanic patients, though we did not collect data about language preference
or fluency. Nor did we have information about language or cultural discordance between
patients and their providers. However, unlike black patients, severity of illness was not a
mediator of the association between Hispanic ethnicity and increased mortality risk. Language
discordance between patient and provider has been shown to be a predictor of worse health
outcomes for outpatients with chronic diseases, but this is of less certain significance in the
intensive care unit setting.13 Further research is needed to determine whether our finding of
worse outcomes for Hispanics is related to language discordance, medical treatment, cultural
beliefs or practices, socioeconomic status or biological differences.

Although we had information about many comorbid conditions, we were not able to make
comprehensive adjustments for all comorbid conditions. Also, we did not have information
about the severity of patients' comorbid conditions like HIV/AIDS or diabetes. Blacks and
Hispanics have a higher burden of comorbid conditions and our inability to fully adjust for all
of these conditions and their severity may have accounted for some of the increased mortality
risk among these groups.14'

An additional explanation for our findings is that black and Hispanic patients had higher rates
of chronic alcohol abuse, which has been identified as a risk factor for the development of
acute lung injury and is also associated with increased fre%uency and severity of non-
pulmonary organ dysfunction in patients with sepsis.17' 18 The prevalence of cirrhosis was
higher among black and Hispanic patients in our study and may be indicative of more chronic
alcohol abuse among these groups in our study sample. In a large sample of hospitalized
patients who had diagnoses that require intensive care unit admission, alcohol use disorders
were more common among blacks and Hispanics and Native Americans.19 Because the trials
included in our study did not systematically collect information on alcohol use, we cannot fully
evaluate its importance as a contributor to poor acute lung injury outcomes.

Another possibility is that the quality of care differed across racial/ethnic groups despite all
patients being enrolled in randomized controlled trials with explicit protocols for the
interventions under investigation. Aspects of care that did not involve the trial intervention
were left to the treating physicians' discretion and may potentially have been influenced by
race/ethnicity. Although lower tidal volume ventilation is the only therapy proven to reduce
mortality for patients with acute lung injury, other therapies directed at the underlying cause
of lung injury may have been preferentially given to white patients. Also, it is possible that
more time elapsed between the onset of acute lung injury and trial enrollment for black and
Hispanic patients. During this time, these patients could have been exposed to factors
associated with poorer outcome (e.g., higher tidal volume ventilation). In these trials, we did
not have information about the number of hours that elapsed prior to trial enroliment. However,
all patients needed to be enrolled within 48 hours of meeting criteria for acute lung injury.
Given this short time frame required for trial enrollment, any differences in exposures that
occurred during this period were likely small and were therefore unlikely to have accounted
for the differences in outcomes for black and Hispanic patients. Additionally, recent studies
have shown that hospitals that treat larger proportions of black patients may provide worse
quality of care. 20,21 Importantly, we found no change in the association between race/
ethnicity and mortality after adjusting for patient clustering within hospitals, which was
intended to capture hospital-specific differences in the quality of care.

Our study has some limitations. Because this was a secondary analysis of data from randomized
controlled trials, there may have been confounding by unmeasured variables. For instance, we
did not have information about socioeconomic status and lower socioeconomic status has been
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associated with worse outcomes from acute illnesses.22: 23 In addition, all of the patients in
our study were enrolled in one of three randomized controlled trials, and it is possible that
enrollment targeted black and Hispanic patients with greater severity of illness compared with
white participants. While there could have been barriers to enrolling minority patients in the
ARDS Network trials, this seems less likely, as greater proportions of screened black and
Hispanic patients were enrolled in the trials compared to whites (12.5% blacks enrolled, 18.1%
Hispanics enrolled and 10.4% whites enrolled). In addition, we may have misclassified the
race of certain participants, but that would likely have biased the results toward the null. Also,
data about orders for limitations of care were not collected for the first two ARDS Network
studies, therefore we were unable to determine whether there were differences in do-not-
resuscitate orders by race/ethnicity. Our results may have been more marked if we had been
able to account for this variable, given that many studies have shown that whites more
frequently prefer limiting care when compared to blacks.24: 25

While we did not have detailed information about the racial and ethnic composition of the
populations served by ARDS Network Hospitals, it is likely that these populations did not have
the same racial and ethnic makeup as the U.S. Census. The centers participating in the ARDS
Network trials were located throughout the country, but were more often located in larger cities
with higher proportions of black Americans (Baltimore, New Orleans, Philadelphia, Chicago,
Raleigh). Comparatively few centers were located in areas with higher concentrations of
Hispanic Americans (California, Texas, Arizona, New Mexico, New York, Florida). Thus, our
study population had a greater proportion of blacks (19%) and fewer Hispanics (8%) compared
to the 2000 U.S. Census (12% black and 13% Hispanic).26 Because we sought to measure the
case fatality of ALI among black and Hispanic patients and not the incidence of ALI among
black and Hispanic populations, we do not believe these differences introduced systematic bias
to our results.

These results have important implications. Future study should evaluate the relative importance
of socioeconomic status, health-related behaviors and comorbid conditions as confounding
factors, and should more closely examine provider challenges in recognizing acute lung injury
among racial and ethnic minority populations as well as provider preferences and beliefs about
caring for critically ill minority patients.
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Patients included in the
NHLBI ARDS Network
randomized controlled
trials™
(n=2,451)
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Asian patients (n=64)
American Indian patients (n=13)
Other race/ethnicity (n=12)

Black, Hispanic and White
patients
(n=2362)

White patients
(n=1715)

Black patients
(n=449)

Institute

NHLBI= National Heart, Blood and Lung

ARDS=acute respiratory distress syndrome
*ARMA, ALVEOLI and FACTT trials

Figure 1.
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Trial ARMA” aLveoLl’ FACTTY
Years 1996-1999 1999-2002 2000-2005
Intervention Low tidal volume ventilation Higher pEEp§ VS, Pulmonary artery catheter vs.
(6 ml/kg vs. 12 mi/kg) lower PEEP central venous catheter
+
Conservative vs. liberal fluid
management strategy
Number of patients 902 549 1000
enrolled (N)
Did intervention(s) Yes No No

reduce mortality?

*
ARMA = Respiratory Management of Acute Lung Injury

7LALVEOLI = Assessment of Low Tidal Volume and Elevated End-Expiratory Lung Volume to Obviate Lung Injury
iFACTT = Fluid and Catheter Treatment Trial
§

PEEP = positive end-expiratory pressure
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Table 2
Demographic and Clinical Characteristics by Race/Ethnicity of the Study Sample™
Characteristic White Black Hispanic P value
(n=1715) (n=449) (n=198)
Age 52+ 17 48 £ 16 44 + 16 <0.0005
Male 936 (55) 251 (56) 128 (65) 0.16
BMI, kg/m2 28.0+7.3 27.0+75 28.0+6.6 0.049
Acute Physiology Score 78+ 30 86 + 30 83+30 <0.0005
(calculated from APACHE I11)
Vasopressor use 506 (33) 131 (32) 70 (38) 0.36
Cause of lung injury 0.001
pneumonia 667 (39) 210 (47) 77 (39)
sepsis 397 (23) 107 (24) 61 (31)
aspiration 260 (15) 71 (16) 17 (9)
trauma 161 (9) 25 (6) 20 (10)
transfusion 46 (3) 5(1) 7(4)
other or unknown 184 (11) 31(7) 16 (8)
Comorbid conditions*
Diabetes 241 (14) 89(20) 41(22) 0.001
Chronic Dialysis 21 (1) 23 (3) 1(0.5) 0.03
HIV or AIDS 56 (3) 76 (17) 20 (11) <0.001
Cirrhosis 45 (3) 21 (5) 9 (5) 0.04
Solid tumors 31(2) 4(1) 3(2) 0.40
Leukemia 40(2) 5 (1) 3(2) 0.26
Lymphoma 26 (2) 0 (0) 2(1) 0.009
Immunosuppression 188 (11) 54 (12) 13(7) 0.14
Baseline respiratory variables
Tidal volume (ml)/kg PBWS 8.6+22 79+20 86+24 <0.001
Plateau pressure, cm H,0 28+8 28+8 28+7 0.31
Peak airway pressure, cm H,0 34+10 34+9 34+9 0.90
Mean airway pressure, cm H,0 16+9 16+8 16+5 0.97
PEEP, cm H,0 9.1+ 4.1 88+4.0 9.3+37 0.16
Arterial pH 7.38 +0.09 7.37£0.09 7.37+£0.09 0.003
PaO,, mm Hg 86+ 34 93 + 46 87 +38 0.08
PaCO,, mm Hg 39 19 38+10 37+9 0.008
Pa02:FiO2 ratio 149 + 66 158 + 81 144 + 61 0.03

*
Values are mean + SD or n (%).

All clinical variables were measured at the time of trial enrollment, prior to randomization.

iComorbid conditions available for n=1686 whites, n=443 blacks and n=187 Hispanics.

§Predicted body weight
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Table 3
Association of race/ethnicity and 60-day mortality from acute lung injury among patients enrolled in the ARDSnet
trials

Outcome White Black Hispanic
Odds Ratio Odds Ratio
(95% CI) (95% ClI)
60-day mortality
Age-adjusted Reference 1.59 (1.26-2.01) 1.85 (1.33-2.58)
Model 2* Reference 1.42 (1.10-1.84) 1.94 (1.36-2.77)
Model 37 Reference 1.25 (0.95-1.66) 2.00 (1.37-2.90)

*
Adjusted for age, gender, receipt of low tidal volume ventilation, trial of enrollment, comorbid conditions (HI\VV/AIDS, lymphoma, immunosuppression)
cause of lung injury (trauma, sepsis) and PaO2:FiO2 ratio.

7LAdjusted for variables in Model 2 + APS (Acute Physiology Score).
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Table 4
Association of race/ethnicity and ventilator-free days among patients enrolled in the ARDSnet trials

Outcome White Black Hispanic

Mean Difference in Days (95%CI) Mean Difference in Days (95% CI)

Ventilator-free days

Age-adjusted Reference -1.1(-2.2t0-0.3) -2.2(-3.7t0-0.7)
Model 2° Reference ~1.0 (2210 0.1) —2.2(-39t0-0.7)
Model 3t Reference —0.8(-2.0t00.3) -2.3(-3.9t0-0.7)

*
Adjusted for age, gender, receipt of low tidal volume ventilation, trial of enrollment, comorbid conditions (HIV/AIDS, lymphoma, immunosuppression)
cause of lung injury (trauma, sepsis) and PaO2:FiO?2 ratio.

fAdjusted for variables in Model 2 + APS (Acute Physiology Score).
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