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T
rauma, defi ned as acute, life-threatening injuries, is 
the leading cause of morbidity and mortality for per-
sons between 15 and 44 years of age and accounts 
for more years of potential life lost than both heart 
disease and cancer.1 In 2008, more than 13 million 

adults aged 20 to 49 years were injured, and nearly 87,000 
were killed.2

Substance use is a common precursor to trauma3 and 
has been positively correlated to increased infection and 
mortality following trauma.4,5 Greater than two-thirds of 
patients injured in motor vehicle crashes have tested posi-
tive for single or multiple substances.6 Testing trauma pa-
tients for substance use on admission to the hospital is 
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recommended by the American Medical Association.7 A 
recent survey showed that 75% of trauma surgeons com-
ply with this recommendation.8 Despite this availability 
of screening data, the infl uence of substance use on sys-
temic infl ammatory response syndrome (SIRS) following 
trauma is under-reported in the literature.

Systemic infl ammatory response syndrome is a se-
vere proinfl ammatory response that can develop within 
minutes of trauma.9 A balanced systemic infl ammatory 
response aids in recovery and maintains homeostasis.10

However, a severely imbalanced response in either direc-
tion (increased or decreased) has been associated with 
poor outcomes. Increases in SIRS severity have been cor-
related with multiple organ failure. This response can 
also trigger a severe compensatory anti-infl ammatory re-
sponse known as CARS.11-14 It can result in immune sup-
pression with increased vulnerability to infection and sep-
sis.12-14 Similarly, preexisting immune suppression prior to 
trauma can result in decreased SIRS severity, which can 
also increase the risk for infection and sepsis.

Importantly, trauma morbidity and mortality following 
hospital admission have been linked to poor outcomes 
that originate from SIRS, including infection, sepsis, and 
multiple organ failure.9,14 These outcomes have been re-
ported to have mortality rates as high as 80%.14

Evidence supports a potential association between sub-
stance use and SIRS following trauma, but there is a pau-
city of data that show direct comparisons between these 
variables. Existing comparisons between infl ammatory bio-
markers and substance use have shown alterations in the 
infl ammatory response following trauma.15-17 The purpose 
of this research was to evaluate the effect of substance use 
on SIRS occurrence and severity following trauma.

METHODS
A retrospective chart review was conducted of patients 
seen between 1998 and 2007 at a level 1 trauma center 
in the southeastern United States. This trauma center re-
ceives approximately 1400 trauma patients from a 2-state 
regional catchment area annually. All charts were identi-
fi ed from the trauma registry database. A trauma registry 
database is a requirement of all designated trauma centers 
and contains demographic and injury-related data on pa-
tients evaluated at these institutions.18
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on the region of the body in which the injuries occur. If 
multiple injuries occur in the same body region, the most 
severe injury for that body region was scored. The sum 
of the squared values for the three most injured body sys-
tems comprised the fi nal ISS. Scores range from 1 to 75. 
Scores of 15 or greater were associated with moderate to 
severe trauma.19,23,24

Sample charts were selected using the trauma registry 
database. All charts that met both inclusion and exclusion 
criteria were included. Of 600 charts screened, 101 (18%) 
were excluded for blood transfusions and 108 (20%) were 
excluded for missing data. Forty-one charts (7%) were ex-
cluded because of spinal cord injury, while 50 (9%) were 
excluded for a stay of less than 24 hours in the ICU. Six 
charts (1%) were excluded for comorbidities that affect 
systemic infl ammatory response. A total of 246 charts were 
included in the fi nal sample. Following sample selection, 
data for all study variables were collected and entered 
directly into a data entry spreadsheet developed by the 
principal investigator.

Descriptive statistics were calculated for each variable 
of interest. The chi-square test was used to assess the 
relationship between dichotomous outcome variables 
and dichotomous predictor variables. Fisher exact test or 
Fisher–Freeman-Halton test was used where applicable 
for small cell counts. The Wilcoxon–Mann-Whitney test 
was used to assess the relationship between ordinal out-
come variables and dichotomous predictor variables. Sig-
nifi cance level was set at P � .05. SAS statistical software 
was used for all analyses (Version 9.1, SAS Institute Inc, 
Cary, North Carolina).

RESULTS
Demographics
Of the 246 subjects represented in the fi nal sample, 72% 
(n � 178) were male (Table 1). The mean age was 29 (SD 
� 7.9) years. A majority of the sample were employed 
(66% [n � 152]) and 76% (n � 182) were unmarried. The 
mean ISS was 22 (SD � 7.1; range � 16-59) representing 
moderate injury severity. Mechanism of injury data was 
available for 230 subjects. Motor vehicle crashes were the 
most common mechanism of injury (85% [n � 197]), fol-
lowed by falls (7% [n � 16]), blunt assaults (5% [n � 11]), 
gunshot wounds (2% [n � 4]), and other (�1% [n � 2]).

Substance Use
Tobacco use (smoking) data were available for 227 sub-
jects. Slightly more than half reported smoking tobacco 
(52% [n � 118]). Most patients were positive for substance 
use (58% [n � 144]). Ethyl alcohol was the most com-
monly used substance (n � 97), followed by marijuana 
(n � 50), cocaine (n � 36), benzodiazepines (n � 20), 
and opiates (n � 16). The mean ethyl alcohol level was 
154 mg/dL (SD � 81.4 mg/dL, range � 10-341 mg/dL).

Inclusion criteria were (1) age between 18 and 44 years, 
based on age ranges in the Centers for Disease Control 
Web-based injury statistics system1; (2) moderate to se-
vere trauma defi ned by an injury severity score (ISS) 15 
or more19; and admission to the intensive care unit (ICU) 
for 24 hours or more. Exclusion criteria were (1) treatment 
with blood or blood products; (2) presence of spinal cord 
injury; (3) history of comorbidities with potential to affect 
immune function and/or infl ammatory response such as 
autoimmune diseases, cancer, HIV/AIDS, and/or history 
of organ transplant20; (4) regular use of nonsteriodal anti-
infl ammatory drugs; and/or (5) missing data associated with 
primary study variables. Permission to conduct this study 
was obtained from the local institutional review board.

The occurrence and severity of SIRS were assessed on 
admission to the ICU using the SIRS score.21 The SIRS score 
incorporates 4 criteria: (1) temperature greater than 38�C or 
less 36�C; (2) heart rate greater than 90 beats per minute; (3) 
respiratory rate greater than 20 per minute (or PaCO

2
 �32 

mm/Hg); (4) white blood cell count greater than 12 000 or 
less than 4000 cells/dL. One point was assigned for each 
criterion that was met. Possible scores ranged from 0 to 4. 
A score of 0 or 1 defi ned “No” SIRS occurrence. A score of 
2, 3, or 4 defi ned “Yes” SIRS occurrence. A score of 2 was 
defi ned as “mild” severity, 3 was “moderate,” and 4 was 
“severe” SIRS. Data were also collected for complications, 
defi ned as “yes/no” for documentation of the following out-
comes: died, infection, sepsis, and organ failure, including 
acute respiratory distress syndrome.

Substance use was assessed from laboratory values re-
corded in the chart at the time of admission to the emer-
gency department and from self-report (tobacco use). In 
addition to tobacco, substance use variables were ethyl al-
cohol, marijuana, cocaine, benzodiazepines, and opiates. 
A substance use category of “other” included 8 additional 
substances including barbiturates, amphetamines, “acid,” 
and spray paint. Ethyl alcohol was tested from serum. Oth-
er substances were tested from urine. A positive result for 
ethyl alcohol use was serum concentration of greater than 
10 mg/dL. A positive result for marijuana use was presence 
of the marijuana metabolite, tetrahydrocannabinol, which 
can be detected up to 30 days after smoking marijuana. 
A positive result for cocaine was presence of cocaine me-
tabolites in the urine. Benzodiazepines were detected di-
rectly from urine samples. Cocaine can be detected in the 
urine from 1 to 3 days. Short acting benzodiazepines can 
be detected from 1 to 3 days, while longer acting benzodi-
azepines can be detected for up to 30 days.22

Trauma severity was measured by using the ISS. This 
score is the accepted standard for measuring degree of 
injury in trauma populations, because it objectively de-
scribes injury severity regardless of injury mechanism. 
The trauma registry database software calculates the score 
by assigning different statistical weights to injuries based 
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severity following trauma. The present data are consistent 
with results from studies that show relationships between 
ethyl alcohol use and biomarkers of systemic infl amma-
tory response, including increased cytokine levels and 
white blood cell counts. In their study of acute ethyl alco-
hol intoxication in a pig model of traumatic hemorrhage, 
Woodman and colleagues25 reported that neutrophil 
counts were increased with for up to 24 hours after in-
sult. Similarly, Colantoni and colleagues26 reported higher 
levels of the proinfl ammatory cytokine IL-6 in mice that 
had been given ethyl alcohol. This is consistent with two 
human studies of chronic alcohol use in noninjury settings 
in which IL-6 and other proinfl ammatory cytokines were 
increased, including IL-1�, IL-12, TNF�, and granulocyte-
colony stimulating factor.27,28 Collectively these results have 
been confi rmed by recently published reviews of simi-
lar studies, which concluded that ethyl alcohol ingestion 

There were signifi cantly more SIRS occurrences among 
ethyl alcohol users (P � .005 [Table 2]). Eighty-two of 97 or 
85% of these patients had SIRS, whereas 15% did not have 
SIRS. Alcohol users also had signifi cantly increased SIRS 
severity compared to other substance users (P � .0008 
[Table 3]). Marijuana users had signifi cantly decreased 
SIRS severity (P � .02) compared to other substance us-
ers (Table 3). There were no other signifi cant results for 
SIRS compared to any other substance, including tobacco. 
However, a signifi cant proportion of benzodiazepine us-
ers (55% [n � 11]) experienced a complication (P � .01), 
the most common of which was infection (P � .05).

DISCUSSION
Alcohol
This research showed a signifi cant association between 
ethyl alcohol use and increased SIRS occurrence and 

TABLE 1 Frequency of Demographic, Substance Use, and Injury Factors for SIRS

Variables No SIRS
Mild SIRS

(Score 0 or 1)
Moderate SIRS 

(Score 2)
Severe SIRS

(Score 3)
Total 

(Score 4)

Number (%) 53 (22) 75 (30) 92 (37) 26 (10) 246 (100)

Gendera 

 Male

 Female

38 (21)

18 (26)

47 (27)

27 (40)

75 (42)

16 (24)

18 (10)

7 (10)

178 (72)

 68 (28)

Agea

 Mean ± SD

 Range

30 (7.7)

18–43

27.5 (7.8)

18–43

26 (8.0)

18–44

30 (8.4)

19–44

29 (8.1)

18–44

No substance use 24 (24) 31 (30) 35 (34) 12 (12)  102 (42)

Substance use

 Ethyl alcohola

  Range, mg/dL

  Median, mg/dL

 Marijuanaa

 Cocaine

32 (22)

15 (15)

49-275

118

15 (30)

10 (28)

43 (30)

25 (26)

10-341

154

18 (36)

9 (25)

56 (39)

49 (51)

10-283

175

13 (26)

12 (33)

13 (9)

8 (8)

23-300

150

4 (8)

5 (14)

144 (58)

 97 (39)

 10-341

152

 50 (20)

 36 (15)

Benzodiazapines 

 Opiates

 Other

3 (15)

1 (7)

4 (50)

7 (35)

6 (43)

2 (25)

7 (35)

5 (36)

1 (12.5)

3 (15)

2 (14)

1 (12.5)

 20 (8)

 14 (6)

 8 (3)

Injury severity score

 Median

 Range

 (n � x)

22

16-45

53

22

16-43

73

22

16-50

87

26

17-59

25

22

16-59

 238

Abbreviation: SIRS, systemic infl ammatory response syndrome.

aSignifi cant at the .05 level.
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than aspirin.31 These effects are so strong that some have 
suggested cannabinoids could be used for treatment of 
severe proinfl ammatory conditions,32 which may explain 
the decreased SIRS severity in association with marijuana 
use found in this study.

The mechanism responsible for these effects is unclear, 
though some studies have shown that cannabinoids may 
suppress infl ammation directly by decreasing serum con-
centrations of proinfl ammatory cytokines IL-1�, IL-6, IL-
12, and TNF�—biomarkers that have been linked with 
SIRS.14,33 Cannabinoids may also suppress infl ammation 
indirectly through their anxiolytic properties.31 Anxiolytics 
reduce anxiety.34 Acute anxiety associated with trauma 
increases white blood cell count and also increases body 
temperature.35-38 The presence of cannabinoids prior to 
trauma may limit postinjury anxiety, thereby inhibiting in-
creases in white blood cell count and body temperature, 
both of which are indicators of SIRS. Cannabinoids are 
absorbed by fatty tissue and released back into the vas-
cular circulation in detectable levels for up to 4 weeks.31 
This supports the assertion that if a patient tests positive 
for marijuana, plasma concentrations are high enough to 
produce both the analgesic and anxiolytic effects of mari-
juana, potentially decreasing SIRS severity and increasing 
risk for infection and sepsis.

Implications for Practice and Research
This study is the only one known to us, which assessed 
the relationship between marijuana use and SIRS follow-
ing trauma. It is one of very few that assessed relation-
ships between ethyl alcohol use and SIRS. Thus, it ad-
dresses an important gap in the literature regarding the 
effect of substance use on acute outcomes of trauma. Be-
cause substance use is an established contributor to trau-
ma, more research is needed to guide clinicians on how 
to assess for increased risk of poor outcomes of infl am-
matory origin such as infection, sepsis, and organ failure 
in this population. Suggestions for future research include 
validation studies with larger sample sizes and studies to 
establish whether or not study fi ndings translate into in-
creased risk of poor outcomes in ethyl alcohol users and 
marijuana users.

When nurses and other health care providers know 
which populations are at increased risk for complica-
tions, practice can be adjusted accordingly. Possible prac-
tice changes include increased vigilance using the SIRS 
score as a bedside assessment tool, earlier identifi cation 
of problems, and earlier treatments.39

LIMITATIONS
This research has several limitations, including the retro-
spective design and associated inherent fl aws with collec-
tion of data from secondary databases. Generalizability 
of study results is limited to trauma populations in the 

increased proinfl ammatory mediators, susceptibility to 
pathogenic invasion, and the incidence of both organ 
failure and infection following trauma.17,29,30

Marijuana
In contrast to the increased SIRS occurrence and severity 
found with ethyl alcohol, positive marijuana use correlat-
ed signifi cantly with decreased SIRS severity, supporting 
reports of the anti-infl ammatory effects of cannabinoids. 
This is clinically important, because decreased SIRS sever-
ity has been associated with increased risk for infection 
and sepsis.14

The term “cannabinoids” collectively refers to all mari-
juana metabolites, including tetrahydrocannabinol or 
THC, the metabolite used to detect marijuana use in toxi-
cology reports. Evidence shows that the anti-infl ammatory 
properties of some cannabinoids are many times stronger 

TABLE 2 Chi-Square Test Results for 
Substance Use and SIRS 
Occurrence

Predictor Variable Substance
Outcome Variable SIRS 

Occurrence

Alcohol  0.0051a

Cocaine  0.3545

Tetrahydrocannabinol  0.1016

Benzodiazepines  0.5654b

Opiates  0.1940b

Other  0.0732b

Abbreviation: SIRS, systemic infl ammatory response syndrome. 

aSignifi cant at the .05 level. 

bFisher exact test or Fisher-Freeman-Halton test was used because of 

small cell counts.

TABLE 3 Wilcoxon–Mann-Whitney Test Results 
for Substance Use and SIRS Severity

Predictor Variable Substance
Outcome Variable 

SIRS Severity

Alcohol  0.0008a

Cocaine  0.8973

Tetrahydrocannabinol  0.0244a

Benzodiazepines  0.4877

Opiates  0.4072

Other  0.1311

Abbreviation: SIRS, systemic infl ammatory response syndrome.

aSignifi cant at the .05 level
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culpability—Part II: the relationship between drug prevalence 
and drug concentration, and driver culpability. Accid Anal Prev. 
2000;32(5):623-632.

 4. Hadjizacharia P, Green DJ, Plurad D, et al. Cocaine use in trau-
ma: effect on injuries and outcomes. J Trauma. 2009;66(2):491-
494.

 5. Hadjizacharia P, O’Keefe T, Plurad D, et al. Alcohol exposure 
and outcomes in trauma patients [published online ahead of 
print July 22, 2010]. Eur J Trauma Emerg Surg. 2010. doi:10.1007/
s00068–010-0038–5.
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2005;37(5):894-901.
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A91. Chicago, IL: American Medical Association; 1991.

 8. Schermer CR, Gentilello LM, Hoyt DB, et al. National survey of 
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tion. J Trauma. 2003;55(5):849-856.

 9. Napolitano LM, Faist E, Wichmann MW, Coimbra R. Immune dys-
function in trauma. Surg Clin North Am. 1999;79(6):1385-1416.

 10. Bone R. Immunologic dissonance: A continuing evolution in 
our understanding of the systemic infl ammatory response syn-
drome (SIRS) and the multiple organ dysfunction syndrome 
(MODS). Ann Intern Med. 1996;125(8):680-687.

 11. Castellheim A, Brekke OL, Espevik T, Harboe M, Mollnes TE. 
Innate immune responses to danger signals in systemic in-
fl ammatory response syndrome and sepsis. Scand J Immunol. 
2009;69(6):479-491.

 12. Lenz A, Franklin GA, Cheadle WG. Systemic infl ammation after 
trauma. Injury. 2007;38(12):1336-1345.

 13. Reikeras O. Immune depression in musculoskeletal trauma. In-
fl amm Res. 2010;59(6):409-414.

 14. Keel M, Trentz O. Pathophysiology of polytrauma. Injury. 2005;
36:692-709.

 15. Choudhry MA, Messingham KA, Namak S, et al. Ethanol ex-
acerbates T cell dysfunction after thermal injury. Alcohol. 
2000;21(3):239-243.

 16. Carrier EJ, Auchampach JA, Hillard CJ. Inhibition of an equili-
brative nucleoside transporter by cannabidiol: a mechanism 
of cannabinoid immunosuppression. Proc Natl Acad Sci USA. 
2006;103(20):7895-7900.

 17. Bird MD, Choudhry MA, Molina PE, Kovacs EJ. Alcohol and 
trauma: a summary of the Satellite Symposium at the 30th 
Annual Meeting of the Shock Society. Alcohol. 2009;43(3):
247-252.

 18. American College of Surgeons Committee on Trauma. Resourc-
es for Optimal Care of the Injured Patient: 1999. Chicago, IL: 
American College of Surgeons; 1998.

 19. Van Natta TL, Morris JA. Injury Scoring and Trauma Outcomes. 
In: Mattox KL, Feliciano DV, Moore EE, eds. Trauma. 4th ed. 
New York, NY: McGraw-Hill; 2000:69-79.

 20. Robinson FP, Mathews HL, Witek-Janusek L. Issues in the de-
sign and implementation of psychoneuroimmunology research. 
Biol Res Nurs. 2002;3(4):165-175.

 21. Bone R, Balk RC, Cerra FB, et al. Defi nitions for sepsis and 
organ failure and guidelines for the use of innovative therapies 
in sepsis. Chest. 1992;101(6):1644-1655.

 22. Cone EJ. New developments in biological measures of drug 
prevalence. NIDA Res Monogr. 1997(167):108-129.

 23. Baker SP, O’Neil B, Haddon W Jr, Long WB. The injury severity 
score: a method for describing patients with multiple injuries 
and evaluating emergency care. J Trauma. 1974;14(3):187-196.

 24. Baker S. Trauma Scoring: Injury Severity Score. http://www.trau-
ma.org/index.php/main/article/383/.Accessed January 15, 2011.

 25. Woodman GE, Fabian TC, Croce MA, Proctor KG. Acute eth-
anol intoxication and endotoxemia after trauma. J Trauma. 
1996;41(1):61-71.

Southeastern United States. When assessed in combina-
tion, analysis of polysubstance use yielded counts too 
small from which to conclude signifi cant results. Studies 
with larger populations of polysubstance use should be 
conducted.

Another limitation is the existence of differences be-
tween the time from injury and the time to ICU admission, 
when the SIRS score was measured. Ideally, SIRS should 
be measured at a consistent point in time following injury. 
Measurement of SIRS is dependent, however, on a com-
plete set of vital signs and on concurrently measured labo-
ratory values for white blood cell count. Because of these 
limitations, injury researchers have measured SIRS on ad-
mission to the emergency department,40 on admission to 
the ICU,41 and on the second and third postinjury day.42

CONCLUSIONS
The signifi cant relationships identifi ed for ethyl alcohol 
and marijuana users suggest that these patients may be at 
higher risk for poor trauma outcomes that are associated 
with SIRS. Because of increased SIRS severity, trauma pa-
tients who test positive for ethyl alcohol on admission may 
be at risk for multiple organ failure. Furthermore, because 
increased SIRS severity can result in a severe compensato-
ry anti-infl ammatory response followed by immune sup-
pression, these patients may also be at increased risk for 
infection and sepsis. Likewise, trauma patients who test 
positive for marijuana may also be at risk for infection and 
sepsis because of decreased SIRS severity and associated 
immune suppression. Health care providers should take 
these factors into consideration when tailoring postinjury 
treatment for these populations. More research is needed 
to assess differences in SIRS-related outcomes in trauma 
patients who use substances.
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