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ABSTRACT
Background Rib fractures and substance use are both 
common in trauma patients, but there is little data on 
how smoking and alcohol use may be associated with 
outcomes in these patients. We assessed the association 
between smoking or alcohol use disorder (AUD) and 
outcomes in patients with rib fractures.
Methods We used institutional databases to conduct a 
retrospective review of patients with rib fractures at the 
only American College of Surgeons- verified adult level 1 
trauma center in a rural state between 2015 and 2019. 
The key exposure variables were smoking and AUD. The 
key outcome variables were mortality and pulmonary 
complications (pneumonia, adult respiratory distress 
syndrome, and pneumothorax). We used multivariable 
regression for analysis and directed acyclic graphs to 
identify variables for adjustment.
Results We identified 1880 eligible patients with rib 
fractures, including 693 (37%) who were smokers and 
204 (11%) who had AUD. Compared with non- smokers, 
smokers were younger, more often male, and had lower 
mortality rates. Regression showed that smokers had 
a lower likelihood of mortality (OR 0.48; 95% CI 0.27 
to 0.87; p=014). Likelihood of pneumonia, ARDS, and 
pneumothorax was not different between smokers and 
non- smokers. Compared with patients without AUD, 
patients with AUD were older, more often male, and had 
higher likelihood of pneumonia and lower likelihood of 
pneumothorax. Regression showed that patients with 
AUD had higher likelihood of pneumonia (OR 1.82; 
95% CI 1.24 to 2.68; p=0.002) and lower likelihood of 
pneumothorax (OR 0.51; 95% CI 0.33 to 0.75; p=0.002).
Discussion In trauma patients with rib fractures 
treated at a level 1 trauma center over 5 years, smoking 
was associated with decreased risk of mortality. These 
findings have implications for risk stratification and 
clinical decision- making for patients with rib fractures.
Level of evidence III

INTRODUCTION
Rib fractures are diagnosed in approximately 10% 
of patients with traumatic injuries.1 These injuries 
are associated with variable rates of mortality (4% 
to 25%) and pulmonary complications (13% to 
35%).1–5 Many studies have identified risk factors 
and developed scores and protocols to predict and 
improve outcomes for these patients because of the 
potential benefit of accurate risk stratification, given 
the high frequency and severity of these injuries.6–13

Although variables such as age, number of ribs 
fractured, and comorbidities have been identified as 
risk factors,14–19 smoking and alcohol use disorder 

(AUD) have not been studied as thoroughly. A 
recent Trauma Quality Improvement Program 
(TQIP) study showed that patients with rib frac-
tures who are smokers have lower rates of mortality 
than non- smokers (2.3% vs 4.6%; p<0.001),20 
which substantiated previous reports of a ‘smok-
er’s paradox’, in which smoking appeared to be 
associated with improved outcomes in trauma 
patients.21 22 Other recent studies showed that 
alcohol use is associated with higher rates of pneu-
monia in patients with rib fractures.23 24 Many of 
these studies use data from national or urban popu-
lations with limited generalizability; our state has 
unique characteristics compared with the rest of 
the USA, including a higher percentage of smokers 
(23% vs 14%).25 26 Certain subgroups of patients 
with rib fractures have variable outcomes,2 so data 
from specific populations may be helpful in under-
standing the associations between smoking and 
AUD and outcomes.

In this study, we evaluated patients with trau-
matic rib fractures to determine how smoking and 
AUD were associated with mortality and pulmonary 
complications. This study contributes to the need 
for more data on the smoker’s paradox in trauma 
patients and explores the relationship of AUD and 
outcomes in patients with rib fractures. Our hypoth-
eses were that smoking would be associated with 
lower rates of mortality and higher rates of pulmo-
nary complications,2 20 and that AUD would be asso-
ciated with higher rates of mortality and pulmonary 
complications.24 27 Our goal was to provide insight 
for risk stratification and clinical decision- making 
for blunt trauma patients with rib fractures who are 
smokers or have AUD.

METHODS
We queried our institutional trauma database at the 
only American College of Surgeons (ACS)- verified 
level 1 adult trauma center in the state to identify 
patients with rib fractures. We cross- referenced 
these data with our Clinical Data Repository (CDR) 
to obtain information on pulmonary complications 
and number of rib fractures.

Patients with rib fractures were identified by 
Abbreviated Injury Scale (AIS) predot codes. 
Smoking status and AUD were determined by 
comorbidity codes from our institution’s trauma 
registry. This registry’s data dictionary defines 
‘smoker’ as one who reports smoking cigarettes 
every day or some days within the last 12 months 
and defines ‘AUD’ as a patient who has ‘AUD’ docu-
mented in the medical record.28 This documentation 
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is generally made by a provider who has taken a complete history 
and determined that the patient met criteria for the diagnosis 
based on the reported history of chronic alcohol use. Pulmonary 
complications and number of ribs fractured were determined by 
International Classification of Diseases version 10 codes in the 
CDR. Some patients had a clinical diagnosis of rib fracture(s) 
without a specified number of fractures, and they were catego-
rized as ‘unspecified’ for the number of ribs fractured. Patients 
were included who met the following criteria: clinical diagnosis 
of one or more ribs fractured, age greater than 17 years, blunt 
mechanism of injury, year of arrival 2015–2019, and records 
contained in both the trauma registry and CDR databases. 
Patients were excluded if they died within 24 hours of admission 
or had a non- blunt mechanism of injury.

Descriptive analyses were conducted by smoking status or 
AUD diagnosis for patient characteristics (age, sex, race, smoking 
status, and AUD diagnosis), injury characteristics (number of 
ribs fractured, AIS for thorax body region, and Injury Severity 
Score (ISS)), and outcomes (total hospital days, total intensive 
care unit (ICU) days, total ventilator days, pulmonary complica-
tions, and in- hospital mortality). The pulmonary complications 
evaluated were pneumonia or ventilator- associated pneumonia 
(VAP), adult respiratory distress syndrome (ARDS), and pneu-
mothorax. Χ2 test or Fisher’s exact test was used for categor-
ical variables. Student’s t- test or Wilcoxon- Mann- Whitney test 
was used for continuous variables. All categorical variables were 
described as numbers and percentages. All continuous variables 
were described as means with SD or medians with IQR.

Figure 1 Directed acyclic graph for smoking. Minimal sufficient adjustment sets for estimating the total effect of smoking on complications or 
death: age, sex, race, and alcohol use. AIS, Abbreviated Injury Scale; ISS, Injury Severity Score.

Figure 2 Directed acyclic graph for alcohol use disorder. Minimal sufficient adjustment sets for estimating the total effect of alcohol use disorder on 
complications or death: age, sex, race, and smoking. AIS, Abbreviated Injury Scale; ISS, Injury Severity Score.
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Multivariable logistic regressions were conducted to assess 
the association between smoking status or AUD and the risk of 
pulmonary complications or mortality. Control variables were 
chosen based on directed acyclic graphs (DAGs).29 A DAG is a 
validated method to identify potential confounders for multi-
variable regressions that is based on relationships between vari-
ables (figures 1 and 2). This method has been increasingly used 
in health sciences research and is more effective for reducing 
bias compared with traditional approaches that consider all 
covariates to be potential confounders and automatically adjust 
for them.30 31 To study the association between smoking and 
outcomes, we controlled for age, sex, race, and AUD. For the 
association between AUD and outcomes, we controlled for age, 
sex, race, and smoking status. Based on previous literature, age, 
race, and sex were associated with both smoking status and 
AUD32 and each outcome.33 Smoking status was associated with 
AUD.34 Number of ribs fractured, ISS, and AIS body region score 
were intermediates that were not considered as confounders in 
the association between smoking status or AUD and pulmonary 
complications or mortality outcomes. Statistical significance was 
assumed at α<0.05. All analyses were performed on SAS V.9.4 
(SAS Institute).

RESULTS
The initial query of our trauma database identified 2112 patients 
with one or more ribs fractured who were admitted to our 
ACS- verified level 1 adult trauma center from 2015 through 
2019. After exclusions, the final cohort was composed of 1880 
patients: 693 (36.9%) were smokers and 204 (10.9%) had AUD. 
No data were missing from the key exposure variables and 
minimal data were missing from demographic variables. Missing 
data were excluded from tables 1 and 2. The variable with the 
highest amount of missing data was age, which was missing in 
1.3% of patients.

Smoking status
In a comparison of smokers and non- smokers using bivariate 
analysis, smokers were younger, more often male, and more 
likely to have AUD (table 1). Smokers had a lower rate of in- hos-
pital mortality (2.2% vs 4.8%; p=0.004) (table 1). In a multi-
variable regression comparing smokers with non- smokers, the 
likelihood of pneumonia or VAP, ARDS, or pneumothorax was 
not significantly different after adjusting for age, sex, race, and 
AUD (table 2). Mortality was 52% less likely among smokers 
compared with non- smokers (OR 0.48; 95% CI 0.27 to 0.87; 
p=0.014) in an adjusted model (table 2).

Alcohol use disorder
In comparing patients with AUD with those without AUD using 
bivariate analysis, patients with AUD were older, more often 
male, and more likely to be smokers (table 3). Patients with AUD 
also had different numbers of ribs fractured; different AIS thorax 
body region scores and spent more days in the hospital, in the 
ICU, and on the ventilator. Patients with AUD had higher rates 
of pneumonia (19.6% vs 11.8%; p=0.002) and lower rates of 
pneumothorax (12.7% vs 22.3%; p=0.002) (table 3). In a multi-
variable regression comparing patients with and without AUD 
for the likelihood of pulmonary complications with adjustment 
for age, sex, race, and smoking status, patients with AUD had a 
higher likelihood of pneumonia or VAP (OR 1.82; 95% CI 1.24 
to 2.68; p=0.002) and a lower likelihood of pneumothorax (OR 
0.51; 95% CI 0.33 to 0.75; p=0.002). AUD diagnosis was not 
significantly associated with likelihood of ARDS (table 4). The 

likelihood of mortality was not significantly different among 
patients with and without AUD in an adjusted model (table 4).

DISCUSSION
Our findings from a retrospective, single- institution database 
study over 5 years confirmed previous studies that in patients 
with rib fractures caused by blunt trauma, smoking was associ-
ated with a decreased risk of mortality and AUD was associated 
with an increased risk of pneumonia. We also found that AUD 

Table 1 Descriptive analysis for demographics and outcomes in 
patients with traumatic rib fractures based on smoking status

Smoker
(n=693)

Non- smoker
(n=1187) P value

Age*

  18–45 337 (48.6) 402 (34.6) <0.001

  46–64 276 (39.8) 418 (35.9)

  65+ 80 (11.6) 343 (29.5)

  Mean 46±15 53±18 <0.001

Sex

  Male 505 (72.9) 783 (66.0) 0.002

Race*

  White 540 (78.0) 921 (77.7) 0.106

  Black or African American 129 (18.7) 201 (17.0)

  Others 23 (3.3) 63 (5.3)

Smoker

Alcohol use disorder 115 (16.6) 89 (7.5) <0.001

Number of ribs fractured

  Single 75 (10.8) 152 (12.8) 0.277

  Multiple 342 (49.3) 609 (51.3)

  Flail 6 (0.9) 12 (1.0)

  Unspecified 270 (39.0) 414 (34.9)

AIS thorax body region 3 (2–3) 3 (2–3) 0.439

ISS 17 (13–27) 17 (12–26) 0.085

Hospital days 5 (2–11) 5 (2–11) 0.348

ICU days 0 (0–5) 1 (0–5) 0.347

Ventilator days 0 (0–2) 0 (0–2) 0.542

Pneumonia or VAP 86 (12.4) 152 (12.8) 0.804

ARDS 33 (4.8) 43 (3.6) 0.226

Pneumothorax 160 (23.1) 239 (20.1) 0.131

Mortality 15 (2.2) 57 (4.8) 0.004

Results are presented as n (%), mean±SD, or median (IQR), as appropriate.
*Missing data are not included in the summary.
AIS, Abbreviated Injury Scale; ARDS, adult respiratory distress syndrome; ICU, 
intensive care unit; ISS, Injury Severity Score; VAP, ventilator- associated pneumonia.

Table 2 Multivariable logistic regression for the risk of pulmonary 
complications and mortality based on smoking status in patients with 
traumatic rib fractures

OR 95% CI P value

Smokers*

  Pneumonia or VAP 0.90 0.67 to 1.21 0.473

  ARDS 1.38 0.86 to 2.21 0.180

  Pneumothorax 1.12 0.88 to 1.41 0.350

  Mortality 0.48 0.27 to 0.87 0.014

*Adjusted for age (as continuous variable), sex, race, and alcohol use disorder.
ARDS, adult respiratory distress syndrome; VAP, ventilator- associated pneumonia.
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was associated with a decreased risk of pneumothorax. These 
results were based on regression analyses controlling for demo-
graphic variables of age, sex, race, and smoking or AUD. Previous 
studies have shown that pulmonary complications and mortality 
are associated with ISS and number of ribs fractured.1 35 We did 

not control for these variables because we only controlled for 
covariates that were known confounders, not intermediates.

Grigorian et al performed a retrospective analysis of the TQIP 
database and found that smokers with rib fractures experienced 
nearly a 40% decreased risk of in- hospital mortality compared 
with non- smokers (p<0.05), despite having higher rates of pneu-
monia.20 Our findings reinforce that smoking is associated with 
a decreased risk of in- hospital mortality (p<0.05). Our results 
differed from Grigorian et al when examining pneumonia rates 
between these two groups; we found that patients who smoked 
were no more likely to get pneumonia than non- smoking 
patients. This result supports the conclusions of a single- center 
retrospective study by Marco et al, which determined that 
smoking was not associated with increased risk of pneumonia in 
patients with traumatic rib fractures.23

Previous research has demonstrated a ‘smoker’s paradox’: 
smokers with cardiovascular disease have improved outcomes 
compared with non- smokers with similar disease.36–38 Studies 
examining trauma patients who smoke demonstrated that 
smoking did not increase risk of pneumonia, ARDS, or 
mortality.21 22 39 Our study provides additional support that 
the smoker’s paradox may exist in patients hospitalized with 
rib fractures. Hypothesized pathophysiologic mechanisms to 
explain these findings have focused on the demonstrated effects 
of cigarette smoke or its individual components, including 
nicotine and carbon monoxide (CO). Nicotine acts as a vaso-
constrictor in the peripheral vasculature by direct action and 
by promoting release of epinephrine and norepinephrine,40–42 
which could be responsible for maintaining blood pressure and 
limiting blood loss.43–45 CO may also have contributory vasoac-
tive effects.41 42 The hemostatic effects of cigarette smoking could 
also contribute to the smoker’s paradox in trauma patients.22 
Cigarette smoke promotes coagulation through platelet activa-
tion,46–48 effects on blood cells and components,41 49 and endo-
thelial changes.50–52 Finally, the anti- inflammatory effects of 
nicotine could contribute to the paradox.53 54 When considered 
together, these mechanisms provide a plausible explanation for 
the physiologic and biochemical mechanisms of the reduction of 
in- hospital mortality in this population.

Chronic alcohol exposure is associated with pneumonia and 
other adverse outcomes in trauma patients.27 Recent studies of 
trauma patients with rib fractures have shown an association 
between AUD and higher rates of pneumonia.23 24 Vartan et al 
also found an association with AUD and higher rates of ARDS 
and mortality.24 Our results support previous findings of an asso-
ciation between AUD and higher rates of pneumonia; however, 
we did not observe a higher rate of ARDS, potentially due to 
low incidence. Our results showed that patients with AUD had 
a trend toward increased risk of in- hospital mortality, but the 
association was not statistically significant. Marco et al found 
no association of pneumothorax in patients with AUD,23 but 
we found a lower rate of pneumothorax in patients with AUD. 
Possible explanations for the discrepancy are that their sample 
size was smaller (n=152) or that the two populations were 
different in terms of risk factors for pneumothorax that were not 
measured. Our results add to another recent study that found 
a surprising inverse relationship between pneumothorax and 
mortality in patients with rib fractures.2 These findings could 
be associated with statistical limitations of retrospective design.

There are established associations between AUD and pneu-
monia or pulmonary inflammation.55 Proposed pathophysiologic 
mechanisms for this association are multifaceted: increased risk 
of aspiration,56 decreased upper- airway mucociliary clearance of 
bacterial pathogens,57 and impaired pulmonary host defenses.58–60 

Table 3 Descriptive analysis for demographics and outcomes in 
patients with traumatic rib fractures based on alcohol use disorder 
diagnosis

Alcohol use disorder 
(n=204)

No alcohol use 
disorder
(n=1676) P value

Age*

  18–45 64 (31.4) 675 (40.9) 0.028

  46–64 90 (44.1) 604 (36.5)

  65+ 50 (24.5) 373 (22.6)

  Mean 53±16 50 (18) 0.005

Sex

  Male 164 (80.4) 1124 (67.1) <0.001

Race*

  White 160 (78.4) 1301 (77.8) 0.059

  Black or African 
American

41 (20.1) 289 (17.3)

  Others 3 (1.5) 83 (4.9)

Smoker 115 (56.4) 578 (34.5) <0.001

Alcohol use disorder

Number of ribs fractured

  Single 35 (17.2) 192 (11.5) 0.002

  Multiple 78 (38.2) 873 (52.1)

  Flail 3 (1.5) 15 (0.9)

  Unspecified 88 (43.1) 596 (35.5)

AIS thorax body region 3 (2–3) 3 (2–3) 0.044

ISS 17 (13–24) 17 (12–26) 0.450

Hospital days 7 (3–13) 5 (2–11) <0.001

ICU days 3 (0–8) 0 (0–4) <0.001

Ventilator days 0 (0–3) 0 (0–2) 0.013

Pneumonia or VAP 40 (19.6) 198 (11.8) 0.002

ARDS 5 (2.4) 71 (4.2) 0.222

Pneumothorax 26 (12.7) 373 (22.3) 0.002

Mortality 8 (3.9) 64 (3.8) 0.942

Results are presented as n (%), mean±SD, or median (IQR), as appropriate.
*Missing data are not included in the summary.
AIS, Abbreviated Injury Scale; ARDS, adult respiratory distress syndrome; ICU, 
intensive care unit; ISS, Injury Severity Score; VAP, ventilator- associated pneumonia.

Table 4 Multivariable logistic regression for the risk of pulmonary 
complications and mortality based on alcohol use disorder diagnosis in 
patients with traumatic rib fractures

OR 95% CI P value

Alcohol use disorder*

  Pneumonia or VAP 1.82 1.24 to 2.68 0.002

  ARDS 0.57 0.24 to 1.39 0.216

  Pneumothorax 0.51 0.22 to 0.78 0.002

  Mortality 1.12 0.53 to 2.34 0.771

*Adjusted for age (as continuous variable), sex, race, and smoking status.
ARDS, adult respiratory distress syndrome; VAP, ventilator- associated pneumonia.
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Inflammation can be further exacerbated in this demographic 
because of a diminished ability to manage oxidative stress and 
reduced ability to tolerate the fluid accumulation associated with 
trauma or pneumonia.61 62

A limitation of our study is the possibility of uncontrolled 
covariates acting as confounders. We made a concerted effort 
to mitigate this limitation by using DAGs to identify relation-
ships between variables (figures 1 and 2). We chose to control 
for confounders and not to control for mediators (ie, ISS). 
Controlling for covariates that are not confounders increases 
the risk of collider bias or switchover effects, which we hoped 
to avoid.63 64 The limitation caused by control variable selection 
has been discussed specifically in the context of the smoker’s 
paradox.65 As with any retrospective study, unmeasured covari-
ates could have affected the results. These could include certain 
comorbidities (eg, chronic obstructive pulmonary disease), vital 
signs (eg, heart rate and blood pressure), and Glasgow Coma 
Scale. Another limitation associated with the retrospective design 
is that missing data or inaccurate documentation or coding may 
have affected the results. We identified patients as smokers or 
AUD based on patient charts, which are subject to missing or 
inaccurate data. We did not evaluate the quantity of smoking or 
alcohol use for each patient, which is an important consideration 
for future research. Additionally, analysis of some less common 
complications may have been limited by sample size. Finally, this 
study was conducted at a single institution in a rural state and 
results may not be generalizable to other settings.

The results of the primary objective of this study fit within 
existing literature. We isolated a unique patient population 
because the study site is the only ACS- verified level 1 trauma 
center in a rural state. This population has distinct characteristics 
and is relatively under- represented in national databases, but our 
results were similar to previous studies. This replication estab-
lishes a strong basis for the external validity of our analysis and 
the generalizability of these findings to other similarly situated 
trauma centers. To maintain internal validity, multivariate anal-
ysis controlling for confounders identified by DAGs was used.

Future research should continue to isolate demographics that 
are under- represented in national trauma databases to further 
improve the generalizability of current rib fracture analyses. 
There is also a need to examine more patient characteristics 
and injury factors to establish reliable predictors for outcomes. 
Finally, basic science research is needed to evaluate the mech-
anisms of unexpected findings in recent retrospective studies, 
including the associations between smoking and mortality.

CONCLUSIONS
Our study found that in patients with rib fractures caused by 
blunt trauma, smoking was associated with decreased mortality 
and AUD was associated with increased risk of pneumonia. 
Additional studies are needed to further investigate the relation-
ship between these exposures and outcomes in patients with rib 
fractures.
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