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BACKGROUND: This study aims to determine the relationship between tobacco use, inhalation
injury, and ARDS in burn-injured adults. METHODS: This study was an observational cohort of
2,485 primary burn admissions to a referral burn center between January 1, 2008 and March 15,
2015. Subjects were evaluated by methods used to account for mediation and traditional approaches
(multivariable logistic regression and propensity score analysis). Mediation analysis examined both
the (1) indirect effect of tobacco use via inhalation injury as the mediator on ARDS development
and (2) the direct effect of tobacco use alone on ARDS development. RESULTS: ARDS develop-
ment occurred in 6.8% (n � 170) of the cohort. Inhalation injury occurred in 5.0% (n � 125) of the
cohort, and ARDS developed in 48.8% (n � 83) of the subjects with inhalation injury. Tobacco use
was 2-fold more common in subjects with ARDS. In the mediated model, the direct effect of tobacco
use on ARDS, including interaction between tobacco use and inhalation injury, was not sig-
nificant (odds ratio [OR] 1.63, 95% CI 0.91–2.92, P � .10). However, the indirect effect of
tobacco use via inhalation injury as the mediator was significant (OR 1.61, 95% CI 1.25–2.07,
P < .001), and the proportion of the total effect of tobacco use operating through the mediator
was 55.6%. In the non-mediation models (multivariable logistic regression and propensity score
analysis), which controlled for inhalation injury and other covariables, the OR for the associ-
ation between tobacco use and ARDS was 1.84 (95% CI 1.22–2.81, P < .001) and 1.69 (95% CI
1.04 –2.75, P � .03), respectively. CONCLUSIONS: In mediation analysis, inhalation injury was
the overwhelming predictor for ARDS development, whereas tobacco use has its strongest effect
indirectly through inhalation injury. Patients with at least moderate inhalation injury are at
greatest risk for ARDS development despite baseline risk factors like tobacco use. Key words:
ARDS; acute lung injury; inhalation injury; burn injury; tobacco use. [Respir Care 2017;62(11):1456–1465.
© 2017 Daedalus Enterprises]

Introduction

More than one million burn injuries occur yearly in the
United States, and survivorship is worse when the injury is

associated with inhalation injury.1 Prior epidemiologic stud-
ies have shown that nearly half of residential fires and
fatalities are associated with cigarettes or combustible to-
bacco products, and house fires involving cigarettes ac-
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count for approximately one third of fire fatalities in the
United States.2-4 Internationally, smoking is the leading
cause of residential or total fire death and is an indepen-
dent risk factor for thermal injury.4,5 Inhalation injury ac-
counts for approximately 5% of in-patient admissions for
burns.6 Burn care has improved in recent years, and mor-
tality in burn injuries with total body surface area between
30 and 39% was 16% in 2013.1 However, morbidity from
organ dysfunction, such as ARDS, remains poorly char-
acterized.

Patient cohorts have demonstrated that �25% of sub-
jects with large burns or inhalation injuries who survive
their injury develop ARDS.7,8 Cohort studies to examine
important risk factors for ARDS in the setting of burn
injury have been limited by small sample sizes or by in-
cluding only military personnel.9,10 Risk prediction models
that have incorporated tobacco use as a predictor in pa-
tients are mainly derived from medical cohorts with sepsis
and pneumonia.7 Both active and passive tobacco use are
independent risk factors for the development of ARDS in
critically ill patients, including trauma patients.11-13 How-
ever, in burn injury, tobacco use commonly precedes the
burn injury and can have both a direct effect on ARDS and
an indirect effect on ARDS through the burn injury it
preceded. Separating tobacco’s direct effect on ARDS ver-
sus its indirect effects via other lung injury mediators (eg,
inhalation injury) cannot be fully evaluated with tradi-
tional statistical methods that do not account for the tem-
porality in the pathway between tobacco use, inhalation
injury, and ARDS. Mediation analysis, a method adopted
from social sciences, allows for evaluation of simultane-
ous regression pathways on an outcome. This method was
employed to examine the impact of driving pressures within
a lung-protective ventilation strategy that improved mor-
tality in patients with ARDS.14

To further clarify the association between tobacco
use, inhalation injury, and development of ARDS, we
examined subjects from a high-volume regional referral
burn center and burn research institute during a 7-y
period. We hypothesized that burn injury itself was the

overwhelming predictor of ARDS, and the risk contrib-
uted by tobacco use was not significant. We examined
our hypothesis using traditional statistical approaches
as well as mediation analysis to compare how tobacco
use is associated with ARDS with and without inhala-
tion injury as the mediator.

Methods

We analyzed data from an observational cohort of
consecutive burn-injured adults admitted between Jan-
uary 1, 2008 and March 15, 2015 to Loyola University
Chicago Burn Center. Loyola University Chicago is a
tertiary academic center and referral burn center treat-
ing nearly 700 patients annually. All patients admitted
to the burn center were recorded in the institution’s burn
registry and maintained within the Burn and Shock
Trauma Research Institute. All admissions, burn injury
characteristics, and dates of burn injury were verified
by 2 full-time clinical research nurses in the burn unit
with �15 y of dedicated clinical and research experi-
ence. Additional clinical variables were extracted from
the electronic medical record by linkage of the burn
registry to the clinical research database.

Subject Selection and Main Outcome Measure

Patients �18 y of age and with a primary admission for
burn were evaluated. Patients admitted for non-burn inju-
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QUICK LOOK

Current knowledge

Prior studies examining tobacco use have identified it
as a risk factor for ARDS in other critically ill patients.
However, burn injury is less clear and requires analysis
into the temporal relationship because smoking is an
independent risk factor for inhalation injury and confers
risk for ARDS through inhalation injury.

What this paper contributes to our knowledge

Inhalation injury was an overwhelming predictor for
ARDS, with 56% of the increased risk due to inhalation
injury as the mediator. This was observed despite in-
teractions between tobacco use and inhalation injury as
well as adjustment for total body surface area, mecha-
nism of injury, and subject characteristics. Prospective
clinical studies are needed to better examine the effect
of inhalation injury over other risk factors so that cli-
nicians may focus care to attenuate the strongest deter-
minants for ARDS development.
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ries and subsequent encounters for prior injuries were ex-
cluded. The primary exposure of interest, tobacco use dis-
order, was defined using administrative data for tobacco
use from screening intake questionnaire data or claims
data. Subject comorbidities, such as diabetes mellitus type
I or II, hypertension, any respiratory disease, and conges-
tive heart failure, were collected from administrative data.
Percentage of total body surface area injured was verified
after subject discharge by review of operative notes and
attending documentation from the clinical research nurses.
All subjects receiving invasive mechanical ventilation with
suspected inhalation injury received a fiberoptic broncho-
scopic examination to evaluate for severity of injury. Dur-
ing bronchoscopy, inhalation injury was graded based on
abbreviated injury score.15

ARDS

The Berlin definition16 was applied via an automated
electronic screening tool for identification of ARDS cases.
The authors designed the tool in a structured query lan-
guage-based integrative database from the clinical research
database. Electronic medical records served as the main
data source for the rules of development with linked me-
chanical ventilation data, arterial blood gas data, and chest
imaging reports. The tool was adapted and updated from
prior internal and external validation studies in trauma
subjects using a rule-based keyword search approach.17

The authors have previously applied this tool in other trauma
registries.18 In a simple random sample of 50% of the
patients with inhalation injury from our burn registry, we
demonstrated similar test characteristics with a sensitivity
and specificity of 76.4 and 88% after review of the chest
radiograph images by a pulmonary and critical care phy-
sician (MA). The approach adapted to the Berlin definition
is shown in the Appendix (see the supplementary materials
at http://www.rcjournal.com).

Covariables

Candidate variables were identified a priori as risk fac-
tors for ARDS,7,11,19-21 and their selection for possible in-
clusion in the adjusted model was made if they had a
P value �.20 in univariable analysis. Candidate variables
included age, sex, race, burn mechanism, tobacco use,
diabetes, inhalation injury, total body surface area injured,
and burn mechanism. Alcohol use was not evaluated for
inclusion into the multivariable models due to a high pro-
portion of missing data. Inhalation injury was categorized
as a dichotomous variable (not indicated/abbreviated in-
jury score � 0 vs abbreviated injury score �1). Total body
surface area injury at 33% demonstrated the optimal cutoff
for development of ARDS using receiver operating char-
acteristic area under the curve with a sensitivity and spec-

ificity of 65.3 and 88.9%, respectively. Therefore, total
body surface area injured was evaluated as a dichotomous
variable at �33%. Burn mechanism was a dichotomous
variable as flame versus non-flame because flame mech-
anism comprised 45.3% of the cohort. Due to the low rates
of comorbidities, respiratory diseases were combined. The
small sample size of any individual respiratory disease did
not allow for examination of the role of different respira-
tory diseases on outcomes.

Analysis

In univariable analysis, continuous variables were
evaluated as medians and interquartile ranges and ana-
lyzed using either Wilcoxon rank sum or Kruskal-Wal-
lis nonparametric tests, whereas categorical variables
were analyzed using a chi-square test or Fisher exact
test, if appropriate. Three different models were used to
examine the association between tobacco use and de-
velopment of ARDS. In the first model, multivariable
logistic regression was used to assess the association
(odds ratio) between tobacco use and ARDS develop-
ment with adjustment for age, sex, mechanism of burn,
total body surface area injured, and inhalation injury. In
the second model, 2:1 matched propensity score analy-
sis was performed, with age, sex, mechanism of burn,
total body surface area injured, and inhalation injury
used to create the propensity. Using each matched set as
a stratum, a conditional logistic regression model was
applied to estimate the association of tobacco use and
ARDS. In the third model, a pathway framework was
used to decompose the total effect of tobacco use on
ARDS and incorporate inhalation injury as the mediat-
ing effect.22 This included the effect of tobacco directly
on ARDS (pure direct effect). A second pathway was
the indirect effect of tobacco on ARDS through the
mediator inhalation injury (pure indirect effect). These
pathways included analysis that allowed for exposure-
mediator (tobacco-inhalation injury) interaction, referred
to as the total direct and total indirect effect, respec-
tively (Fig. 1). The model also allowed for both expo-
sure-outcome confounders (age, sex, total body surface
area injured) and mediator-outcome confounders (burn
mechanism, total body surface area injured). Direct and
indirect effects on the odds ratio scale was estimated via
this approach. We used 500 bootstrap samples and the
percentile method to produce 95% CIs. The same me-
diation analysis was performed for the flame subgroup,
which is the predominant mechanism of burn injury.
Other important mediator-outcome confounders, such
as sepsis, have been shown to occur frequently in crit-
ically ill burn patients, so sensitivity analysis was per-
formed for unmeasured confounding. All statistical anal-
yses were performed using SAS 9.4 (SAS Institute, Cary,
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North Carolina). The institutional review board of Loyola
University Chicago approved this study.

Results

A total of 2,485 subjects arrived at the burn center with
a primary diagnosis for burn injury. The cohort case rate
for development of ARDS was 6.8% (n � 170). The ma-
jority of admissions for burn were total body surface
area injury � 10% (n � 2,008, 80.8%), but 44.1% (n � 75)
of the ARDS cases occurred in this group, of which 54.7%
(n � 42) had inhalation injury. The median (interquartile
range) time to ARDS development was 1.7 (0.4–3.6) d.
Inhalation injury with or without burn injuries occurred in
5.0% (n � 125) of the cohort, and ARDS development
occurred in 48.8% (n � 83) of these subjects. Over 90%
(n � 113) of the inhalation injury subjects with ARDS had
at least moderate inhalation injury (abbreviated injury score
�2). Few subjects in the cohort had prior respiratory or
cardiac disease (Table 1). Subjects with ARDS were older
and had more comorbidities than their counterparts with-
out ARDS. Burn injury characteristics were more severe in

the ARDS group. These subjects habitually consumed more
alcohol and had nearly 2-fold more tobacco use than those
without ARDS (Table 1).

Outcomes Between ARDS and Non-ARDS Patients

The mean 28-d ICU-free days was lower in ARDS sub-
jects than their non-ARDS counterparts (4.4 vs 20.5 d,
P � .001), and as expected, the in-hospital case fatality
rate in subjects with ARDS was much higher (25.3% vs
2.2%, P � .001). In burn subjects with ARDS, the median
PaO2

/FIO2
was similar between tobacco and non-tobacco

users (189.8 vs 186.2, P � .65). Furthermore, the 28-d
ICU-free days and in-hospital death rate were similar be-
tween tobacco and non-tobacco users with ARDS (P � .44
and .25, respectively).

Association Between Tobacco Use, Inhalational
Injury, and ARDS

In multivariable logistic regression analysis adjusted for
age, sex, burn mechanism, total body surface area injured,

Fig. 1. A mediation model with exposure-mediator interactions. The filled circle represents an interaction term consisting of the variables
connected to it without arrowheads, in this case tobacco exposure and inhalation injury. �1�1 � indirect effect; �2 � direct effect; �3 �
exposure-mediator interaction; �0 � intercept. Effects in the model are shown above.
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and inhalation injury score (Fig. 2), the OR for the asso-
ciation between tobacco exposure and ARDS development
was 1.84 (95% CI 1.22–2.81, P � .001). Inhalation injury
had the highest odds for ARDS development among the
risk factors (OR 37.08, 95% CI 22.97–59.86, P � .001),
followed by total body surface area injured �33% (OR
12.92, 95% CI 6.88–24.26, P � .001). An increasing in-
halation injury score was associated with increasing risk
for ARDS development (P � .001). Inhalation injury also
provided better discrimination for the development of
ARDS than tobacco use, with a receiver operating char-
acteristic area under the curve of 0.74 (95% CI 0.70–0.77)

versus 0.59 (95% CI 0.55–0.63), P � .001 (Fig. 3). In
propensity score analysis (n � 1,130), the association be-
tween tobacco use and ARDS development remained sig-
nificant, with an OR of 1.69 (95% CI 1.04–2.75, P � .034)
(see Fig. 2).

However, in the mediated model, the total direct effect
of tobacco exposure on ARDS, including interaction be-
tween tobacco use and inhalation injury, was not signifi-
cant (OR 1.63, 95% CI 0.91–2.92, P � .10). The pure
indirect effect of tobacco exposure via inhalation injury as
the mediator between tobacco use and ARDS development
was significant (OR 1.61, 95% CI 1.25–2.07, P � .001)

Table 1. Subject Characteristics and Outcomes by ARDS Group

Variable Total (N � 2,485) No ARDS (n � 2,315) ARDS (n � 170) P

Age, median years (IQR) 43 (30–56) 42 (29–55) 51 (38–61) �.001
BMI, median (IQR) 27.3 (23.9–31.5) 27.2 (23.7–31.4) 28.6 (25.4–32.4) .02
Male sex, n (%) 1,780 (71.6) 1,664 (71.9) 113 (66.5) .13
Race/ethnicity, n (%) �.001

Non-Hispanic black 414 (16.7) 385 (16.6) 29 (17.1)
Non-Hispanic white 1,545 (62.2) 1,281 (55.3) 103 (60.6)
Hispanic 170 (6.8) 155 (6.7) 15 (8.8)

Diabetes, n (%) 268 (10.8) 237 (10.2) 31 (18.2) �.001
Hypertension, n (%) 646 (26.0) 566 (24.5) 80 (47.1) �.001
Respiratory disease,* n (%) 254 (10.2) 219 (9.5) 35 (20.6) �.001
Congestive heart failure, n (%) 20 (0.8) 13 (0.6) 7 (4.1) �.001
Tobacco use, n (%) 572 (23.1) 504 (21.8) 68 (40.0) �.001
BAC � 0 mg/dL, n (%) (n � 925) 121 (13.1) 130 (16.2) 36 (29.8) �.001
TBSA, median (IQR) % 2.3 (0.9–6.0) 2.1 (0.8–5.1) 17.1 (6.2–38.5) �.001
Burn mechanism, n (%)

Chemical 199 (8.0) 195 (8.5) 4 (2.4)
Flame 1,125 (45.3) 999 (43.3) 126 (74.1)
Grease 181 (7.3) 181 (7.9) 0 (0) �.001
Scald 470 (18.9) 464 (20.1) 6 (3.5)
Other† 510 (20.6) 425 (18.5) 9 (5.3)

Inhalation injury only, n (%) 62 (2.5) 37 (1.7) 25 (14.7) �.001
Flame injury � inhalation injury, n (%) (n � 1,125) 92 (8.2) 32 (2.8) 60 (5.3) �.001
Inhalation injury score, n (%) �.001

0 2,360 (95.0) 2,273 (98.2) 87 (51.2)
1–2 69 (2.8) 31 (1.3) 38 (22.4)
3–4 56 (2.2) 11 (0.5) 45 (26.5)

Admission SBP �90, n (%) 513 (20.6) 361 (3.9) 152 (89.4) .02
Disposition, n (%)

Home 2,097 (84.4) 2,047 (88.4) 50 (29.4) �.001
Skilled nursing facility/in-patient rehabilitation 156 (6.4) 121 (5.2) 35 (20.6)
Long-term care hospital 36 (1.4) 13 (0.6) 23 (13.5)
In-hospital death 97 (3.9) 54 (2.3) 43 (25.4)
Other‡ 99 (3.9) 80 (3.5) 19 (11.1)

* Asthma, COPD, pulmonary embolism, and other respiratory diseases.
† Includes contact, electrical, flash, friction, frostbite, lightning, radiation, wax, and unknown.
‡ Includes against medical advice, transfer to another facility, hospice, and psychiatry.
IQR � interquartile range
BMI � body mass index
BAC � blood alcohol concentration
TBSA � total body surface area injured
SBP�systolic blood pressure
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(Fig. 1). The proportion of ARDS development mediated
by inhalation injury in the total effect was 55.6%. Com-
parison of all 3 models is shown in Figure 4.

Analysis Stratified to Flame Injury Only

In sub-analysis involving only flame injuries (n � 1,125),
tobacco use had an increased OR for ARDS develop-
ment in multivariable logistic regression (OR 2.01,

95% CI 1.24 –3.26, P � .001), and inhalation injury
continued to have the greatest OR (20.17, 95% CI 11.51–
35.33, P � .001) for development of ARDS. In mediation
analysis, the total direct effect from tobacco use on ARDS
development was significant (OR 2.83, 95% CI 1.08–7.39,
P � .042), but the total indirect effect with inhalation
injury as the mediator continued to have the strongest
association (OR 1.74, 95% CI 1.27–2.40, P � .001), and
the proportion of ARDS development mediated by inha-
lation injury in the total effect was 57.0%, similar to the
analysis from the full cohort (Fig. 5). In sensitivity anal-
ysis, we assumed that sepsis occurred in 30% of ARDS
cases versus 7% in non-ARDS cases, as reported in prior
studies,23,24 and the case rate for ARDS in smokers versus

Fig. 2. Multivariable logistic regression with tobacco use as the independent variable and ARDS as the dependent variable. Age, sex,
mechanism of burn, percentage of total body surface area injured, and inhalation injury are covariables in the model. Shown is propensity
score analysis with conditional logistic regression after 2:1 matching of the covariables age, sex, percentage of total body surface area
injured, burn mechanism, and inhalation injury between non-tobacco users and tobacco users for the association with ARDS.

Fig. 3. Receiver operating characteristic curves comparing inha-
lation injury and tobacco use for discriminating ARDS develop-
ment. Areas under the curve are 0.59 for tobacco use and 0.74 for
inhalational injury.

Fig. 4. Comparison of unmediated and mediated models for the
relationship between tobacco exposure and ARDS development.
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non-smokers in our cohort was 40% versus 22%. The total
direct effect remained insignificant, with an OR of 2.11
(95% CI 0.81–6.84).

Discussion

Our data using mediation analysis demonstrated most of
the association between tobacco use and ARDS develop-
ment to be mediated through inhalation injury with limited
contribution from tobacco use itself. Commonly used sta-
tistical approaches like multivariable logistic regression
and propensity score analysis are limited in their ability to
account for intermediate outcomes (ie, inhalation injury)
in determining associations between exposure (ie, tobacco
use) and outcomes of interest (ie, ARDS). Results from
these models suggest that tobacco use is an important risk
factor for ARDS development in burn-injured adults. In
contrast, mediation analysis allows for intermediate out-
comes in analyzing the direct and indirect associations
between tobacco use, inhalation injury, and ARDS and
therefore more accurately approximates the risk from to-
bacco use before burn/inhalation injury.

This study cohort had few comorbidities and experi-
enced minor burns that probably contributed to the low
case rate for ARDS. Prior studies in trauma cohorts with
inclusion of all encounters have demonstrated similar rates
of ARDS development between 5 and 10%.7,23,24 Similar
rates from the National In-Patient Sample and the National
Burn Repository of in-patient admissions for burn with
concomitant inhalation injury were noted around 5%.6

However, our study revealed that nearly half of the cohort
suffering from inhalation injury developed ARDS, much
higher than the 20% reported in previous smaller stud-
ies.9,25 A prospective multi-center observational study with
ARDS cases reviewed by pulmonary and critical care phy-
sicians confirmed a similar rate to this study at 43%.26

Despite a lower case rate, our burn-ARDS phenotype was
older, were characterized by increased comorbidities, and
had more substance use than the non-ARDS group, similar
to ARDS phenotypes described previously.23,27

The prevalence of smoking in the United States popu-
lation was estimated at 16.8% in 2015; our cohort of burn
subjects had higher rates than the general United States
population, with tobacco use present in approximately 25%.

Fig. 5. A mediation model with exposure-mediator interactions for the analysis stratified to flame injury only (n � 1,125). The filled circle
represents an interaction term consisting of the variables connected to it without arrowheads, in this case tobacco exposure and inhalation
injury. �1�1 � indirect effect; �2 � direct effect; �3 � exposure-mediator interaction; �0 � intercept. Effects in the model are shown above.
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Epidemiologic studies have confirmed the increased risk
for burn injury from cigarette smoking, and our cohort had
an increased OR for inhalation injury in the mediated model.
Tobacco use also had an increased odds risk for ARDS
development, which was previously described in a trauma
cohort.11 In some cases, tobacco use may have contributed
to the injury as part of the indirect pathway toward ARDS,
whereas in other cases, tobacco use itself potentially mod-
ulated the innate immune response and inflammatory mi-
lieu of the lung independent of inhalation injury and con-
sequently engendered ARDS. Experimental studies have
demonstrated that active smoking leads to pathophysio-
logical changes similar to those in ARDS, including in-
creased lung epithelial permeability, endothelial injury, and
dysregulated platelet function.28-31 However, multiple out-
comes in our subjects with ARDS were not affected by
tobacco use, including PaO2

/FIO2
ratio, 28-d ICU-free days,

and in-hospital fatality rate. Although multivariable logis-
tic regression and propensity score analysis was remark-
able for a positive association between tobacco use and
ARDS development, mediation analysis indicated that the
indirect effect of tobacco use was most important via in-
halation injury. On the OR scale, 56% of the increased risk
was due to inhalation injury as the mediator. This was
observed despite interactions between tobacco use and in-
halation injury as well as adjustment for total body surface
area injured, mechanism of injury, and subject character-
istics. Because tobacco use may both predispose individ-
uals to injury and influence the severity of injury, tradi-
tional adjustment for it probably introduced an
overadjustment bias in multivariable logistic regression
and propensity score analysis.22,32-34 Mediation analysis
more accurately reflects the important exposures for ARDS
and indicated that the majority of the effect from smoking
on ARDS development was via inhalation injury as the
mediator.

The results did vary when the analysis was stratified by
flame injury to remove other burn mechanisms that prob-
ably do not suffer inhalation injury (ie, electrical, scald,
contact). In the flame injury group, which comprised the
largest subgroup in the cohort, the direct effect that in-
cluded the effect of tobacco use on ARDS allowing for
tobacco use and inhalation injury interaction was signifi-
cant. However, like the analysis in the full cohort, the
relationship remained the strongest via the indirect effect,
which demonstrated a highly significant P value. Further-
more, 57% of the total effect was mediated by inhalation
injury, similar to the full cohort. Nevertheless, it is possi-
ble that tobacco use had a significant direct effect in the
flame-only group because patients injured from combus-
tible tobacco products typically occur in settings like a
house fire and present with flame mechanisms and inha-
lation injury, making the injuries more difficult to parse
out and the interaction stronger.

Inhalation injury was an overwhelming predictor for
ARDS, as characterized by better sensitivity and specific-
ity for ARDS development and a dose-dependent increase
in the OR for ARDS development with higher grades of
inhalation injury. Several mechanisms from experimental
studies of inhalation injury in both humans and animals
established a dysregulated innate immune response in the
airway.35-37 Increased permeability of the microvascula-
ture in the setting of a 20-fold increased bronchial blood
flow, intra-airway coagulation and fibrin deposition, cel-
lular debris, obstructive airway casts, large volume re-
suscitation, and fibrinocellular exudate all contribute to
ventilation and perfusion mismatching with maldistribu-
tion of alveolar volumes causing both atelectasis and
barotrauma.38-43 Qualified chest radiograph reports using
key words for ARDS definition may not discern between
cardiogenic and proteinaceous pulmonary edema. Subjects
with ARDS had larger percentage of total body surface
area injured and worse inhalational injuries, so they prob-
ably received larger volumes of crystalloid resuscitation,
probably contributing to false positives for ARDS cases.
Inter-observer variability in chest radiograph interpreta-
tion commonly occurs in characterizing cardiogenic ver-
sus non-cardiogenic pulmonary edema; however, it is ex-
pected that hydrostatic edema in the form of cardiac failure
or fluid overload may coexist with ARDS, and the Berlin
definition accepts respiratory failure not fully explained by
cardiac failure or fluid overload for ARDS definition. Al-
though the false positive rates were low, they probably
contributed to variability in our results.

The strengths of this study were its large size, verified
injury characteristics, and validated ARDS diagnoses that
are more robust than another large burn study based on
administrative data alone.25 Several limitations were pres-
ent in this study including its retrospective and single cen-
ter design. The use of administrative data places limita-
tions on the quality of the data, with missing data and
biases that could not be accounted for. Although the ARDS
screening system was previously validated, prior studies
indicated that inter-observer reliability is poor between
radiologists for pulmonary edema versus ARDS,44 so mis-
classification bias may have occurred. Tobacco use was
assessed by administrative data alone, whereas prior stud-
ies confirmed tobacco use with biomarkers, including co-
tinine.11,12 Chronic alcohol use is an important risk factor
for ARDS,19 and co-substance use between tobacco and
alcohol are common; however, we did not have compre-
hensive data on alcohol use to examine these effects. Data
for ventilator settings were not collected and could not be
assessed in the evaluation for ARDS development. The
practice behaviors of burn critical care physicians proba-
bly varied between practitioners, and the use of lung-pro-
tective ventilation strategies was not standardized. In ad-
dition, our study was limited by lack of data for sepsis and
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other infectious complications that have been reported to
occur in nearly a third of critically ill burn patients.45

However, sensitivity analysis was performed to address
this limitation. Our results did not change with the inclu-
sion of sepsis as an unmeasured confounder.

Conclusions

Tobacco use constitutes an important risk for burn in-
jury and is a common problem in burn-injured patients.
Although tobacco use increased the odds of ARDS, the
large majority of the risk for ARDS derives from the burn
injury alone and, in particular, inhalation injury. In a sub-
group of burn subjects with flame mechanism, tobacco had
a significant direct effect on the development of ARDS,
but the majority of the effect was still mediated through
inhalation injury, similar to the full cohort. Prospective
clinical studies are needed to better examine the effect of
inhalation injury over other risk factors so that clinicians
may focus care to attenuate the strongest determinants for
ARDS development.
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