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Abstract

Background: Among burn patients, research is conflicted, but may suggest that females are at 

increased risk of mortality, despite the opposite being true in non-burn trauma. Our objective was 

to determine if sex-based differences in burn mortality exist, and assess whether patient 

demographics, co-morbid conditions, and injury characteristics explain said differences.

Methods: Adult patients admitted with burn injury-including inhalation injury only-between 

2004 and 2013 were included. Inverse-probability of treatment weights (IPTW) and inverse-

probability of censor weights (IPCW) were calculated using admit year, patient demographics, co-

morbid conditions, and injury characteristics to adjust for potential confounding and informative 

censoring. Standardized Kaplan-Meier survival curves, weighted by both IPTW and IPCW, were 

used to estimate the 30-day and 60day risk of inpatient mortality across sex.

Results: Females were older (median age 44 vs. 41 years old, p<0.0001), and more likely to be 

Black (32% vs. 25%, p<0.0001), have diabetes (14% vs. 10%, p<0.0001), pulmonary disease 

(14% vs. 7%, p<0.0001), heart failure (4% vs. 2%, p=0.001), scald burns (45% vs. 26%, 

p<0.0001), and inhalational injuries (10% vs. 8%, p=0.04). Even after weighting, females were 

still over twice as likely to die after 60 days (RR 2.87, 95% CI 1.09, 7.51).

Conclusions: Female burn patients have a significantly higher risk of 60-day mortality, even 

after accounting for demographics, co-morbid conditions, burn size, and inhalational injury. Future 

research efforts and treatments to attenuate mortality should account for these sex-based 
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Introduction

There is no greater metabolically demanding trauma to the body than a severe burn injury [1, 

2]. They lead to severe physiologic derangements that effect every organ system, increase 

risk for infection, multi-system organ failure, and death [2]. The most common algorithms 

used to predict mortality post-burn use age, total body surface area (TBSA) burn, and the 

presence of inhalation injury [3–6]. While at least two algorithms include sex in their 

prediction models, the actual effects of sex are often conflicting, with one model assigning 

increased risk to males, and the other, to females [7, 8].

Some studies conclude that females have increased mortality risks post-burn, despite the 

opposite being true in non-burn trauma.[9–12] With conflicting evidence, we sought to 

assess whether sex-based differences in burn mortality exist, and whether these differences 

could be explained by differences in patient demographics, co-morbid conditions, and or 

injury characteristics.

Materials and Methods

Adult patients admitted with burn injury between January 1, 2004 and December 31, 2013 

were eligible for inclusion. Patients were identified using the institutional Burn Center 

registry and then linked to a central repository for clinical data from the Healthcare System.

Bivariate analyses comparing patient demographics, co-morbid conditions, burn 

characteristics, and inpatient mortality across sex and race were performed using Chi-square 

and Wilcoxon-Mann-Whitney tests, where appropriate. Yearly admission rates were 

calculated using Poisson regression. A p-value <0.05 was considered statistically significant. 

Co-morbid conditions of interest were measured using International Classification of 

Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes. Revised Baux scores were 

calculated as described by Osler et al (2010) [13].

Kaplan-Meier survival curves were used to estimate the cumulative 30-day and 60-day risk 

of inpatient mortality. Both risk differences (RDs) and risk ratios (RRs) were calculated. 

Weighted survival curves were used to estimate the standardized, cumulative 30-day and 60-

day risk for mortality [14]. Standardized estimates were weighted using inverse-probability 

of treatment weights (IPTW) to account for confounding and inverse-probability of 

censoring weights (IPCW) to account for informative censoring. The propensity score (PS) 

for each patient was estimated using logistic regression which modeled the probability of 

being female, compared to male, using admit year, patient age, race, co-morbid conditions, 

burn mechanism, TBSA and inhalational injury, as well as for interaction between admit 

year, TBSA, and inhalational injury. TBSA was confirmed by experienced senior medical 
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staff. Inhalation injury was diagnosed by bronchoscopy. Variables for the IPTW models 

were chosen by identifying potential confounders and causes of mortality using directed-

acyclic graphs (DAGs) and previous research in this cohort [15–18]. Weights were stabilized 

using the marginal probability of being female (probability of being female / probability of 

being female, given their covariates [i.e. PS]). IPTW removes confounding similar to 

traditional multivariable modeling with several advantages, namely that weighted, unbiased 

Kaplan-Meier curves can be created, since traditional adjustment is not possible [14].

The IPCW were also estimated using logistic regression. Among patients censored, length of 

stay was partitioned into quintiles, and a pooled, multivariable logistic regression model was 

used to estimate the probability of each patient being censored in each time period, adjusting 

for the aforementioned variables. Weights were scaled by the marginal probability of being 

censored in each time period (probability of being censored during quintile / probability of 

being censored during quintile, given covariates). Therefore, each patient had up to five 

censor weights calculated for their hospital stay, depending on their total LOS. The IPTW 

and IPCW were then multiplied together to obtain a final weight for each patient, for each 

time period, and truncated at the 5th and 95th percentiles.

In order to account for the weighting, confidence intervals for both the crude and 

standardized cumulative incidence measures were calculated using a nonparametric 

bootstrap. The 95% confidence intervals (95% CI) were calculated using the standard error 

estimated from the bootstraps. Interaction terms and likelihood ratio tests were used to 

assess whether the sex-inpatient mortality relationship was different across age and 

inhalational injury.

Two secondary analyses were performed to look at the effect of sex on inpatient mortality 

among patients ≤50 year old (i.e. pre-menopausal females) and >50 years old (i.e. post-

menopausal females), and on patients admitted for ≥25 days. New IPTW and IPCW models 

were fit for each subset analysis, separately, using the same methods described above.

All analyses were performed using SAS 9.4 (SAS Inc., Cary, NC). Institutional Review 

Board (IRB) approval was obtained.

Results

5,539 patients were included in the analyses and 243 (4.4%) died during their inpatient 

hospitalization. 1,838 patients (33.3%) were admitted to the burn intensive care unit (ICU). 

Only 4.4% of patients (n=242) had a length of stay (LOS) longer than 60 days.

Females represented 27% of all patients admitted (n=1,519) and, were more likely to be 

black, have scald burns, have smaller burns, and have inhalational injuries (Table 1). Males 

were most likely to be white and have flame burns. The proportion of female patients 

admitted to the burn center has increased between 2004 and 2013 (Figure 1).

The cumulative 60-day inpatient mortality for females and males was 21.7% and 11.4%, 

respectively (Figure 2a). No differences were seen in 25-day mortality. After stratifying 

patients by both LOS and sex, 52 (4%) females hospitalized for <25 days died, 93 males 
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hospitalized <25 days (3%) died, 20 (10%) females hospitalized ≥25 days died, and 26 (5%) 

males hospitalized ≥25 days died. Differences in patient demographics and burn 

characteristics between these 4 groups can be seen in Table 2.

Prior to adjustment, female patients were about twice as likely to die within both 30 days 

(risk ratio [RR] 2.10, 95% confidence interval [CI] 1.36, 3.24) and 60 days (RR 1.91, 95% 

CI 1.24, 2.93). After accounting for potential confounding and differential LOS, females 

were still over twice as likely to die at 60 days (RR 2.87, 95% CI 1.09, 7.51) (Figure 2b, 

Table 3). After weighting the difference in 30-day mortality (RR 2.24, 95% CI 0.86, 5.87) 

was no longer significant. No significant modification of the sex-60day mortality 

relationship was seen by either inhalational injury or age.

Sixty-four percent of females (n=974) and 70% of males (n=2,806) were ≤50 year old. 

Minimal differences in the effect of sex on inpatient mortality were seen across age groups. 

Both females ≤50 years old and females >50 years old were still twice as likely to die when 

compared to their male counterparts in their age group (RR 2.13, 95% CI 0.49, 9.20 and RR 

2.43, 95% CI 0.98, 6.02, respectively), although the effect of sex was no longer statistically 

significant (Table 4). Moreover, when the analysis was subset to only patients with LOS ≥25 

days, females were still over twice as likely to die at 60 days (RR 2.21, 95% CI 1.02, 4.80).

Discussion

We found significant differences in patient demographics, co-morbid conditions, and injury 

characteristics between females and males in our study. Females were more likely to be 

black, older, have diabetes, pulmonary disease, heart failure, cerebrovascular disease, and 

have inhalational injury. Our initial hypothesis was that co-morbid conditions and burn 

characteristics would explain any sex-based disparities in mortality. For example, in prior 

analyses we found that pre-existing pulmonary disease, cardiovascular disease, and diabetes 

increased mortality in adult burn patients [15, 17, 19]. We have also shown that the Charlson 

Comorbidity Index score is predictive of inpatient mortality, even after adjusting for patient 

age, TBSA, and inhalational injury [18, 19]. Additionally, inhalational injury, with or 

without the presence of a cutaneous burn, is known to significantly increase mortality[13].

However, even after accounting for patient demographics, co-morbid conditions, burn 

mechanism, TBSA, and inhalational injury, females were over twice as likely to die as 

males. These effects were also consistent across age and inhalational injury. Interestingly, in 

both the unadjusted and weighted analyses, the increase in mortality among females was 

only observed after the length of stay exceeded 25 days. Longer hospital courses are 

typically for patients with larger sized burns, inhalation injuries, multiple co-morbid 

conditions, challenging wounds and/or challenging dispositions. While these patients have 

higher risks of hospital acquired infections, multi-system organ failure, and sepsis which 

increase their mortality risk, it is unclear why mortality in these patients would be 

differential across sex. When we restricted our analyses to patients hospitalized for ≥25 days 

and adjusted our weights to account for greater prevalence of these risk factors, the disparity 

still persisted.
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In non-burn trauma, estrogen has been shown to be protective and improve cardiac function 

and the immune response[1, 9, 20–23]. Additionally, female trauma patients with high 

Injury Severity Scores have been shown to have fewer infectious complications than their 

male counterparts [24], to be more responsive to therapeutic interventions [20], and have 

improved survival [25]. Unfortunately, estrogen does not appear to be protective in burns[1, 

8, 10–12, 22, 26]. Animal models to explain the physiologic findings demonstrate that 

estrogen mitigates the immune system post-burn by decreasing local and systemic pro-

inflammatory cytokines, and preventing the infiltration of neutrophils [27, 28]. Testosterone 

has been shown to dampen the immune response, whereas estrogen has been shown to 

enhance the activity of humoral and cellular immune function [26, 27, 29]. Estrogen also 

modulates lymphocyte and macrophage function. The extent of activation of the humoral 

and cellular immune system by estrogen has been proposed as a possible mechanism for 

why females are at greater risk for developing autoimmune diseases, and also as a possible 

explanation of why females do better after trauma and septic shock; however, this does not 

explain the observed incidence in inpatient mortality after burns in females [26, 27, 29]. The 

true impact of estrogen on burn-related trauma requires a more comprehensive evaluation of 

the inflammatory and immunological modulation post injury.

The hormonal milieu has also been used to explain sex-based differences in burns. Hormonal 

deficiencies in postmenopausal females may influence the various stages of wound healing 

and replacement may improve outcomes, especially since females who present with burns 

tend to be older [30, 31]. However, when we assessed whether the effect was differential 

across age – as a surrogate for menopausal state-the estimated effect of female sex on 

mortality remained consistent. This suggests a consistent effect across all ages – similar to 

findings by Kerby et al [32]. While George et al claimed the effect of sex on inpatient 

mortality was different across age, they did not actually test this assertion and they did not 

account for length of stay in their analyses, which impacted the effect of sex in our analysis, 

as differences were only found in stays >25 days [33].

Another postulated mechanism for the sex-based differences relates to sexspecific 

expression of pro-and anti-inflammatory cytokines, with estrogen decreasing the pro-

inflammatory cytokines [26, 28, 29]. Specifically, estradiol production mediates IL-6 

production, greatly influencing the milieu after burn injury, for both sexes [1, 29, 34]. 

Multiple studies have shown differences in the levels of pro-inflammatory cytokines, e.g. 

IL-6, which correlates with the severity of sepsis [9, 28, 29, 34–38]. IL-6 enhances immune 

function, which may explain the survival benefit in females after other forms of trauma and 

septic shock, but, unfortunately, IL-6 is not protective in burns [26, 29, 34].

Although obesity, and/or body mass index (BMI) was not measured in this analysis, 

deposition or accumulation of adipose tissue may also play a role in these sex-based 

differences in inpatient mortality [26]. The distribution of fat is different between sexes, with 

females having a greater amount of subcutaneous tissue and lower body fat as compared to 

males whom have greater visceral accumulation of adipose tissue. Adipose tissue is a 

metabolically active endocrine organ. Adipose tissue releases pro-inflammatory hormones, 

e.g. TNFα, IL-6, as well as aromatase, which peripherally converts androgens to estrogen. 

Researchers have hypothesized that adipose tissue modulates the immune response after 
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traumatic injury, which can be further modified by androgens. Obesity leads to a state of 

chronic low-grade inflammation, in which there is up-regulation of pro-inflammatory 

cytokines. Visceral and subcutaneous fat each have different metabolic profiles and 

responses to androgens, which may explain some of the differences in immune response 

after injury [25, 39–41].

Finally, sex-based differences in morbidity and mortality may not be fully explained by the 

aforementioned immunologic, metabolic and endocrine interactions. While not studied here, 

socioeconomic factors may contribute more than we can measure [10, 42–44]. Females who 

are burned are more likely to be single, divorced or widowed, living with children, and of a 

lower socioeconomic status when compared to age-matched males [44]. In addition, females 

twice as likely to have pre-existing neurologic or psychiatric conditions[45]. Even after 

accounting for demographic variables, females have been found to have greater 

impairments, worse quality of life, and greater psychological stress 12 months after injury 

[46]. Wasiak et al. found that females were more likely to be older, have more chronic health 

problems, and tended to take longer to present for medical care than males [47]. The latter is 

a major determinant of mortality in burns [48]. However, no patient should receive a lower 

standard of care due to race, sex, socioeconomic status or comorbid conditions [49].

Many of the published studies to date have conflicting conclusions on the impact of sex in 

burns due to inadequate power, misinterpretation of accepted scoring systems, (e.g. the 

Abbreviated Burn Severity Index [ABSI]), or are likely biased due to unaccounted for 

confounding variables. For example, the study performed by Gomez et al, which provides 

the FLAMES score, identified female sex as an independent predictor of mortality, but they 

were unable to control for age (female patients were older) or burn mechanism [7]. Forster et 

al. re-evaluated ABSI as a prediction model, but unlike the original study, they assigned 

male sex a value of 1 in the score (i.e. they were at increased risk of mortality), and female 

sex a value of zero [50]. While they concluded that original study remained valid, this 

misinterpretation of the original study makes interpreting the effect of sex in these 

contradicting models difficult.

To the best of our knowledge, this is the largest and most comprehensive single center 

analysis demonstrating a consistent sex-based difference in inpatient mortality. It is also the 

first analysis to include co-morbid conditions when assessing the impact of sex on inpatient 

mortality after burn injury, and incorporated several sensitivity analyses in an attempt to 

identify a cause for these observed sex-based differences in mortality.

This study does have limitations. First, only inpatient, all-cause mortality was able to be 

captured in this analysis; however, we believe that the number of deaths occurring after 

discharge would be minimal. We also utilized inverse-probability of censor weighting to 

account for differential lengths of stay and informative censoring to minimize the impact of 

differences in follow-up time between patients. Future studies should assess whether causes 

of death differ between sexes, as this may help to elucidate why a mortality difference exists. 

Additionally, patient co-morbid conditions were measured using ICD-9-CM codes attached 

to the inpatient hospitalization, which means that some co-morbid conditions were likely 

missed, but we expect that the misclassification of co-morbid patients as not having the 
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condition would be non-differential with respect to sex, and would bias results towards the 

null. We are also missing other potential risk factors for mortality, like obesity, burn depth 

and frailty, which are known to be associated with increased mortality risk. Finally, this is a 

single-center analysis and results may not be generalizable, particularly if the patient 

population and burn characteristics differ.

Conclusion

Females have a significantly higher risk of 60-day mortality, even after accounting for 

demographics, co-morbid conditions, burn size, mechanism, and presence of inhalation 

injury. Future research should focus on potential genomic, proteomic, or immunological 

responses to burns that may explain sex-based mortality risks.

Acknowledgments

The project described was supported by the National Center for Advancing Translational Sciences (NCATS), 
National Institutes of Health, through Grant Award Number UL1TR001111. The content is solely the responsibility 
of the authors and does not necessarily represent the official views of the NIH.

The study was approved by our institutional review board (IRB).

References:

1. Al-Tarrah K, Moiemen N, Lord JM (2017) The influence of sex steroid hormones on the response to 
trauma and burn injury. Burns Trauma 5:29 [PubMed: 28920065] 

2. Williams FN, Jeschke MG, Chinkes DL, et al. (2009) Modulation of the hypermetabolic response to 
trauma: temperature, nutrition, and drugs. J Am Coll Surg 208:489–502 [PubMed: 19476781] 

3. Colohan SM (2010) Predicting prognosis in thermal burns with associated inhalational injury: a 
systematic review of prognostic factors in adult burn victims. J Burn Care Res 31:529–539 
[PubMed: 20523229] 

4. Rashid A, Khanna A, Gowar JP, et al. (2001) Revised estimates of mortality from burns in the last 
20 years at the Birmingham Burns Centre. Burns 27:723–730 [PubMed: 11600252] 

5. Roberts G, Lloyd M, Parker M, et al. (2012) The Baux score is dead. Long live the Baux score: a 
27-year retrospective cohort study of mortality at a regional burns service. J Trauma Acute Care 
Surg 72:251–256 [PubMed: 22310134] 

6. Ryan CM, Schoenfeld DA, Thorpe WP, et al. (1998) Objective estimates of the probability of death 
from burn injuries. N Engl J Med 338:362–366 [PubMed: 9449729] 

7. Gomez M, Wong DT, Stewart TE, et al. (2008) The FLAMES score accurately predicts mortality 
risk in burn patients. J Trauma 65:636–645 [PubMed: 18784578] 

8. Tobiasen J, Hiebert JM, Edlich RF (1982) The abbreviated burn severity index. Ann Emerg Med 
11:260–262 [PubMed: 7073049] 

9. Angele MK, Frantz MC, Chaudry IH (2006) Gender and sex hormones influence the response to 
trauma and sepsis: potential therapeutic approaches. Clinics (Sao Paulo) 61:479–488 [PubMed: 
17072448] 

10. Bedri H, Romanowski KS, Liao J, et al. (2017) A National Study of the Effect of Race, 
Socioeconomic Status, and Gender on Burn Outcomes. J Burn Care Res 38:161–168 [PubMed: 
28423388] 

11. Wilmore D, Pruitt BA Jr. (1972) Do fat boys get burned? Lancet 2:1083

12. Wilmore DW, Pruitt BA, Jr. (1972) Fat boys get burned. Lancet 2:631–632 [PubMed: 4116780] 

13. Osler T, Glance LG, Hosmer DW (2010) Simplified estimates of the probability of death after burn 
injuries: extending and updating the baux score. J Trauma 68:690–697 [PubMed: 20038856] 

Williams et al. Page 7

World J Surg. Author manuscript; available in PMC 2020 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



14. Cole SR, Hernan MA (2004) Adjusted survival curves with inverse probability weights. Comput 
Methods Programs Biomed 75:45–49 [PubMed: 15158046] 

15. Knowlin L, Reid T, Williams F, et al. (2017) Burn mortality in patients with preexisting 
cardiovascular disease. Burns 43:949–955 [PubMed: 28189352] 

16. Knowlin L, Strassle PD, Williams FN, et al. (2018) Burn injury outcomes in patients with 
preexisting diabetic mellitus: Risk of hospital-acquired infections and inpatient mortality. Burns 
44:272–279 [PubMed: 29029861] 

17. Knowlin LT, Stanford LB, Cairns BA, et al. (2017) The effect of preexisting respiratory co-
morbidities on burn outcomes. Burns 43:366–373 [PubMed: 28341260] 

18. Strassle PD, Williams FN, Napravnik S, et al. (2017) Improved Survival of Patients With Extensive 
Burns: Trends in Patient Characteristics and Mortality Among Burn Patients in a Tertiary Care 
Burn Facility, 2004–2013. J Burn Care Res 38:187–193 [PubMed: 27775983] 

19. Knowlin L, Stanford L, Moore D, et al. (2016) The measured effect magnitude of co-morbidities 
on burn injury mortality. Burns 42:1433–1438 [PubMed: 27593340] 

20. Li T, Xiao X, Zhang J, et al. (2014) Age and sex differences in vascular responsiveness in healthy 
and trauma patients: contribution of estrogen receptor-mediated Rho kinase and PKC pathways. 
Am J Physiol Heart Circ Physiol 306:H1105–1115 [PubMed: 24531808] 

21. Liu T, Xie J, Yang F, et al. (2015) The influence of sex on outcomes in trauma patients: a meta-
analysis. Am J Surg 210:911–921 [PubMed: 26145388] 

22. Moore EC, Pilcher D, Bailey M, et al. (2014) Women are more than twice as likely to die from 
burns as men in Australia and New Zealand: an unexpected finding of the Burns Evaluation And 
Mortality (BEAM). Study. J Crit Care 29:594–598 [PubMed: 24810730] 

23. Raju R, Chaudry IH (2008) Sex steroids/receptor antagonist: their use as adjuncts after trauma-
hemorrhage for improving immune/cardiovascular responses and for decreasing mortality from 
subsequent sepsis. Anesth Analg 107:159–166 [PubMed: 18635483] 

24. Offner PJ, Moore EE, Biffl WL (1999) Male gender is a risk factor for major infections after 
surgery. Arch Surg 134:935–938; discussion 938–940 [PubMed: 10487586] 

25. Weniger M, Angele MK, Chaudry IH (2016) The Role and Use of Estrogens Following Trauma. 
Shock 46:4–11 [PubMed: 27380534] 

26. Karimi K, Faraklas I, Lewis G, et al. (2017) Increased mortality in women: sex differences in burn 
outcomes. Burns Trauma 5:18 [PubMed: 28589152] 

27. Deitch EA, Ananthakrishnan P, Cohen DB, et al. (2006) Neutrophil activation is modulated by sex 
hormones after trauma-hemorrhagic shock and burn injuries. Am J Physiol Heart Circ Physiol 
291:H1456–1465 [PubMed: 16617133] 

28. Yao X, Wigginton JG, Maass DL, et al. (2014) Estrogen-provided cardiac protection following 
burn trauma is mediated through a reduction in mitochondria-derived DAMPs. Am J Physiol Heart 
Circ Physiol 306:H882–894 [PubMed: 24464748] 

29. Gregory MS, Faunce DE, Duffner LA, et al. (2000) Gender difference in cell-mediated immunity 
after thermal injury is mediated, in part, by elevated levels of interleukin-6. J Leukoc Biol 67:319–
326 [PubMed: 10733091] 

30. Calvin M (2000) Oestrogens and wound healing. Maturitas 34:195–210 [PubMed: 10717485] 

31. Gilliver SC, Ashcroft GS (2007) Sex steroids and cutaneous wound healing: the contrasting 
influences of estrogens and androgens. Climacteric 10:276–288 [PubMed: 17653954] 

32. Kerby JD, McGwin G Jr., George RL, et al. (2006) Sex differences in mortality after burn injury: 
results of analysis of the National Burn Repository of the American Burn Association. J Burn Care 
Res 27:452–456 [PubMed: 16819347] 

33. George RL, McGwin G, Jr., Schwacha MG, et al. (2005) The association between sex and 
mortality among burn patients as modified by age. J Burn Care Rehabil 26:416–421 [PubMed: 
16151287] 

34. Gregory MS, Duffner LA, Faunce DE, et al. (2000) Estrogen mediates the sex difference in post-
burn immunosuppression. J Endocrinol 164:129–138 [PubMed: 10657848] 

35. Damas P, Ledoux D, Nys M, et al. (1992) Cytokine serum level during severe sepsis in human IL-6 
as a marker of severity. Ann Surg 215:356–362 [PubMed: 1558416] 

Williams et al. Page 8

World J Surg. Author manuscript; available in PMC 2020 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



36. Eitas TK, Stepp W, Sjeklocha L, et al. (2017) Differential regulation of innate immune cytokine 
production through pharmacological activation of Nuclear Factor-Erythroid-2-Related Factor 2 
(NRF2) in burn patient immune cells and monocytes. PLoS One 12:e0184164

37. Gregory MS, Duffner LA, Hahn EL, et al. (2000) Differential production of prostaglandin E(2) in 
male and female mice subjected to thermal injury contributes to the gender difference in immune 
function: possible role for 15hydroxyprostaglandin dehydrogenase. Cell Immunol 205:94–102 
[PubMed: 11104581] 

38. Hack CE, De Groot ER, Felt-Bersma RJ, et al. (1989) Increased plasma levels of interleukin-6 in 
sepsis. Blood 74:1704–1710 [PubMed: 2790194] 

39. Brahmbhatt TS, Hernon M, Siegert CJ, et al. (2017) Trauma and BMI Mortality. Curr Obes Rep 
6:211–216 [PubMed: 28547122] 

40. Diebel ME, Diebel LN, Liberati DM (2016) Gender dimorphism in adipose tissue response to 
stress conditions: A plausible mechanism to explain the conflicting data regarding trauma and 
obesity. J Trauma Acute Care Surg 81:1028–1034 [PubMed: 27389130] 

41. Liu T, Chen JJ, Bai XJ, et al. (2013) The effect of obesity on outcomes in trauma patients: a meta-
analysis. Injury 44:1145–1152 [PubMed: 23219239] 

42. Dissanaike S, Ha D, Mitchell D, et al. (2017) Socioeconomic status, gender, and burn injury: A 
retrospective review. Am J Surg 214:677–681 [PubMed: 28693838] 

43. Doctor N, Yang S, Maerzacker S, et al. (2016) Socioeconomic Status and Outcomes After Burn 
Injury. J Burn Care Res 37:e56–62

44. Edelman LS (2007) Social and economic factors associated with the risk of burn injury. Burns 
33:958–965 [PubMed: 17869003] 

45. Seney ML, Huo Z, Cahill K, et al. (2018) Opposite Molecular Signatures of Depression in Men 
and Women. Biol Psychiatry

46. Wasiak J, Lee SJ, Paul E, et al. (2017) Female patients display poorer burn-specific quality of life 
12 months after a burn injury. Injury 48:87–93 [PubMed: 27476885] 

47. Wasiak J, Lee SJ, Paul E, et al. (2014) Predictors of health status and health-related quality of life 
12 months after severe burn. Burns 40:568–574 [PubMed: 24582756] 

48. Wolf SE, Rose JK, Desai MH, et al. (1997) Mortality determinants in massive pediatric burns. An 
analysis of 103 children with > or = 80% TBSA burns (> or =70% full-thickness). Ann Surg 
225:554–565; discussion 565–559 [PubMed: 9193183] 

49. FitzGerald C, Hurst S (2017) Implicit bias in healthcare professionals: a systematic review. BMC 
Med Ethics 18:19 [PubMed: 28249596] 

50. Forster NA, Zingg M, Haile SR, et al. (2011) 30 years later--does the ABSI need revision? Burns 
37:958–963 [PubMed: 21493008] 

Williams et al. Page 9

World J Surg. Author manuscript; available in PMC 2020 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Yearly rate of burn admissions, per 100 patients, stratified by sex.
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Figure 2. 
A) Crude and B) standardized 60-day cumulative incidence of inpatient. mortality among 

female (solid) and male (dashed) adult burn patients.

Williams et al. Page 12

World J Surg. Author manuscript; available in PMC 2020 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Williams et al. Page 13

Table 1.

Patient demographics and burn characteristics of adult patients admitted for burn injury, stratified by sex.

Female
1,519 (27.4%)

Male
4,020 (72.6%) p-value

a

Admit year, n (%)

2004–2007 369 (24.3) 1,140 (28.4) 0.002

2008–2010 450 (29.6) 1,141 (28.4) 0.36

 2011–2013 700 (46.1) 1,739 (43.3) 0.06

Race, n (%)

Black 477 (32.3) 990 (25.4) <0.0001

White 743 (50.3) 2,219 (57.0) <0.0001

Other 256 (17.3) 687 (17.6) 0.80

Missing 43 124 –

Age, in years, median (IQR) 44 (31 – 58) 41 (30 – 54) <0.0001

Co-morbid conditions, n (%)

Diabetes 216 (14.2) 412 (10.3) <0.0001

Pulmonary disease 217 (14.3) 262 (6.5) <0.0001

Heart failure 55 (3.6) 85 (2.1) 0.001

Prior MI 26 (1.7) 114 (2.8) 0.02

Renal disease 36 (2.4) 105 (2.6) 0.61

PVD 22 (1.5) 59 (1.5) 0.96

Cerebrovascular disease 18 (1.2) 36 (0.9) 0.33

Burn mechanism, n (%)

Flame 634 (41.9) 2,313 (57.8) <0.0001

Scald 676 (44.7) 1,029 (25.7) <0.0001

Contact 111 (7.3) 177 (4.4) <0.0001

Other burn 92 (6.1) 482 (12.1) <0.0001

TBSA,  median (IQR) 3 (1 – 8) 5 (2 – 10) <0.0001

Inhalation injury, n (%) 147 (9.7) 319 (7.9) 0.04

Baux score, median (IQR) 51 (36 – 67) 50 (36 – 64) 0.009

Abbreviations: IQR, interquartile range; MI, myocardial infarction; PVD, peripheral vascular disease; TBSA, total burn surface area

a
Chi-square and Wilcoxon-Mann-Whitney tests were used to calculate p-values; p<0.05 are in bold
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Table 2.

Patient demographics and burn characteristics, stratified by length of stay and sex.

LOS <25 Days
4,764 (86%)

LOS ≥25 Days
775 (14%)

Female
1,318 (28%)

Male
3,446 (72%)

Female
201 (25%)

Male
574 (74%)

Admit year, n (%)

2004–2007 290 (22) 932 (27) 79 (39) 208 (36)

2008–2010 380 (29) 963 (28) 70 (35) 178 (31)

2011–2013 648 (49) 1,551 (45) 52 (26) 188 (33)

Race, n (%)

Black 397 (31) 797 (24) 80 (41) 193 (34)

White 650 (51) 1,935 (58) 93 (47) 284 (50)

Other 232 (18) 599 (18) 24 (12) 88 (16)

Missing 39 115 4 9

Age, in years, median (IQR) 42 (29 – 55) 40 (28 – 52) 54 (41 – 66) 49 (36 – 61)

Co-morbid conditions, n (%)

Diabetes 160 (12) 299 (9) 56 (28) 113 (20)

Pulmonary disease 173 (13) 195 (6) 44 (22) 67 (12)

Heart failure 33 (3) 54 (2) 22 (11) 31 (5)

Prior MI 18 (1) 70 (2) 8 (4) 35 (6)

Renal disease 22 (2) 49 (1) 14 (7) 56 (10)

PVD 11 (1) 30 (1) 11 (5) 29 (5)

Cerebrovascular disease 11 (1) 21 (1) 7 (3) 15 (3)

Burn mechanism, n (%)

Flame 493 (38) 1,908 (56) 141 (70) 405 (71)

Scald 636 (48) 957 (28) 40 (19) 72 (13)

Contact 97 (7) 156 (5) 14 (7) 21 (4)

Other burn 86 (7) 410 (12) 6 (3) 72 (13)

TBSA,  median (IQR) 3 (1 – 6) 4 (2 – 8) 15 (7 – 26) 16 (7 – 28)

Inhalation injury, n (%) 85 (6) 154 (4) 62 (31) 165 (29)

Baux score, median (IQR) 48 (34 – 62) 47 (34 – 59) 76 (62 – 92) 74 (59 – 89)

Abbreviations: LOS, length of stay; IQR, interquartile range; MI, myocardial infarction; PVD, peripheral vascular disease; TBSA, total burn 
surface area
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Table 3.

Crude and standardized 60-day risk of inpatient mortality between male and female adult burn patients.

Mortality, % Risk

95% CI
a

Risk

95% CI
a

Female Male Difference Ratio

Crude

30-day 8.8% 4.2% 0.05 0.01, 0.08 2.10 1.36, 3.24

60-day 21.7% 11.4% 0.10 0.03, 0.18 1.91 1.24, 2.93

Standardized
b

30-day 4.9% 2.2% 0.03 −0.01, 0.07 2.24 0.86, 5.87

60-day 14.6% 5.1% 0.10 0.05, 0.14 2.87 1.09, 7.51

Abbreviations: CI, confidence interval

a
CIs determined using 2.5 and 97.5 percentile cut points from 500 nonparametric bootstrap resamples

b
Standardized by inverse-probability of treatment weights (IPTW) and inverse probability of censor weights (IPCW) to account for potential 

confounding and differential lengths of stay, respectively; IPTW models adjusted for admit year (categorized into terciles, 2004 – 2007, 2008 – 
2010, and 2011 – 2013), patient age (modeled as a linear spline with knots at 30, 45, 60, and 75 years old), race, diabetes, chronic pulmonary 
disease, congestive heart failure, prior myocardial infarction, renal disease, peripheral vascular disease, and cerebrovascular disease burn 
mechanism, total burn surface area (TBSA, modeled as a linear spline with knots at 20, 35, 50 and 65), and inhalational injury, as well as 
interaction between admit year and TBSA, admit year and inhalational injury, and TBSA and inhalational injury; IPCW models adjusted for admit 
year, age, sex, race, co-morbid conditions, TBSA, and inhalational injury
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Table 4.

Standardized 60-day risk of inpatient mortality between male and female adult burn patients, stratified by age 

and among patients admitted for >25 days, respectively.

Mortality
a
, % Risk

95% CI
b

Risk

95% CI
b

Female Male Difference Ratio

Age

≤50 years old 4.4 2.0 0.02 0.00, 0.05 2.13 0.49, 9.20

>50 years old 24.3 10.0 0.14 −0.01, 0.30 2.43 0.98, 6.02

Hospitalized ≥25 days 12.0 5.4 0.07 0.00, 0.14 2.21 1.02, 4.80

Abbreviations: CI, confidence interval

a
Standardized by inverse-probability of treatment weights (IPTW) and inverse probability of censor weights (IPCW) to account for potential 

confounding and differential lengths of stay, respectively; IPTW models adjusted for admit year (categorized into terciles, 2004 – 2007, 2008 – 
2010, and 2011 – 2013), patient age (modeled as a linear spline with knots at 30, 45, 60, and 75 years old), race, diabetes, chronic pulmonary 
disease, congestive heart failure, prior myocardial infarction, renal disease, peripheral vascular disease, and cerebrovascular disease burn 
mechanism, total burn surface area (TBSA, modeled as a linear spline with knots at 20, 35, 50 and 65), and inhalational injury, as well as 
interaction between admit year and TBSA, admit year and inhalational injury, and TBSA and inhalational injury; IPCW models adjusted for admit 
year, age, sex, race, co-morbid conditions, TBSA, and inhalational injury

b
CIs determined using 2.5 and 97.5 percentile cut points from 500 nonparametric bootstrap resamples
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