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Abstract
Background  Traumatic spinal injury (TSI) encompasses a wide range of injuries affecting the spinal cord, nerve roots, bones, 
and soft tissues that result in pain, impaired mobility, paralysis, and death. There is some evidence suggesting that women 
may have different physiological responses to traumatic injury compared to men; therefore, this study aimed to investigate if 
there are any associations between sex and adverse outcomes following surgically managed isolated TSI.
Methods  Using the 2013–2019 TQIP database, all adult patients with isolated TSI, defined as a spine AIS ≥ 2 with an 
AIS ≤ 1 in all other body regions, resulting from blunt force trauma requiring spinal surgery, were eligible for inclusion in 
the study. The association between the sex and in-hospital mortality as well as cardiopulmonary and venothromboembolic 
complications was determined by calculating the risk ratio (RR) after adjusting for potential confounding using inverse 
probability weighting.
Results  A total of 43,756 patients were included. After adjusting for potential confounders, female sex was associated 
with a 37% lower risk of in-hospital mortality [adjusted RR (95% CI): 0.63 (0.57–0.69), p < 0.001], a 27% lower risk of 
myocardial infarction [adjusted RR (95% CI): 0.73 (0.56–0.95), p = 0.021], a 37% lower risk of cardiac arrest [adjusted RR 
(95% CI): 0.63 (0.55–0.72), p < 0.001], a 34% lower risk of deep vein thrombosis [adjusted RR (95% CI): 0.66 (0.59–0.74), 
p < 0.001], a 45% lower risk of pulmonary embolism [adjusted RR (95% CI): 0.55 (0.46–0.65), p < 0.001], a 36% lower risk 
of acute respiratory distress syndrome [adjusted RR (95% CI): 0.64 (0.54–0.76), p < 0.001], a 34% lower risk of pneumonia 
[adjusted RR (95% CI): 0.66 (0.60–0.72), p < 0.001], and a 22% lower risk of surgical site infection [adjusted RR (95% CI): 
0.78 (0.62–0.98), p < 0.032], compared to male sex.
Conclusion  Female sex is associated with a significantly decreased risk of in-hospital mortality as well as cardiopulmonary 
and venothromboembolic complications following surgical management of traumatic spinal injuries. Further studies are 
needed to elucidate the cause of these differences.
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Introduction

Traumatic spinal injury (TSI) encompasses a broad spec-
trum of injuries that affect the spinal cord, nerve roots, osse-
ous structures, and soft tissues of the spinal column. These 
injuries may result from a wide range of high-energy and 
low-energy mechanisms. The clinical manifestations of TSI 
include pain, impaired mobility, and mechanical instability 
of the spinal column, as well as partial or complete paralysis. 
In severe cases, TSI or related complications may result in 
death [1]. Previous research has suggested that females may 

have different physiological responses to traumatic injury 
compared to their male counterparts, which may impact out-
comes pursuant to injury [2–10]. However, the majority of 
studies conducted on this subject have made use of animal 
models, and when attempting to translate these associations 
to human patients with traumatic injuries, the results have 
been inconsistent. The primary focus of research on sex dis-
parities in spinal injuries has largely been on differences in 
functional outcomes and mortality in patients with spinal 
cord injury (SCI) [11–18]. However, not all TSI patients suf-
fer a SCI. Therefore, this study aimed to investigate if there 
are any associations between biological sex and adverse out-
comes following surgically managed isolated TSI.
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Materials and methods

Data source and study population

Data for the current study was retrieved from The Ameri-
can College of Surgeons Trauma Quality Improvement 
Program (TQIP) database. Data retrieved included: age, 
sex, race, the abbreviated injury severity score (AIS) for 
each body region, comorbidities, presence of an advanced 
directive limiting care, injury characteristics, type of sur-
gery, discharge disposition, and complications. All adult 
patients (18 years or older) registered in TQIP between 
2013 and 2019 who suffered an isolated spine injury as 
a result of a blunt trauma and were managed surgically 
were included. An isolated spine injury was defined as 
any spine AIS ≥ 2 and an AIS ≤ 1 in the remaining regions. 
Patients were excluded if their sex was not recorded in 
the dataset or if they had a spine AIS of 6, as these inju-
ries are not generally considered survivable. The need 
for ethical approval by an institutional review board was 
waived for the current investigation as all analyses were 
performed using an anonymized, retrospective dataset. The 
Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) guidelines and Declaration of 
Helsinki were adhered to throughout the completion of 
the investigation [19].

Statistical analysis

Owing to continuous variables being non-normally dis-
tributed, they were summarized as medians and interquar-
tile ranges (IQRs), with the Mann–Whitney U-test being 
used to determine the statistical significance of differences 
between groups. Categorical variables were presented as 
counts and percentages. Either the Chi-squared test or 
Fisher’s exact test was used, as appropriate, to determine 
the statistical significance of differences in the distribution 
between groups. The primary outcome of interest was in-
hospital mortality, with the secondary outcome consist-
ing of in-hospital complications (myocardial infarction, 
cardiac arrest with cardiopulmonary resuscitation (CPR), 
stroke, deep vein thrombosis, pulmonary embolism, acute 
respiratory distress syndrome (ARDS), pneumonia, and 
surgical site infection).

To adjust for potential confounding, inverse probability 
weighting (IPW) was used to balance the confounders 
between males and females. The probability was deter-
mined using a logistic regression model; sex was set as the 
response variable while the explanatory variables con-
sisted of age, race, AIS score in each region, level of 
injury, presence of SCI, level of spine surgery, 

comorbidities (hypertension, previous myocardial infarc-
tion, congestive heart failure, history of peripheral vascu-
lar disease, cerebrovascular disease, dementia, chronic 
obstructive pulmonary disease, smoking status, chronic 
renal failure, diabetes mellitus, cirrhosis, coagulopathy, 
currently receiving chemotherapy for cancer, metastatic 
cancer, drug use disorder, alcohol use disorder, major psy-
chiatric illness), and advanced directives limiting care. 
The weights were calculated as 1

probability of female sex
 for 

female patients and 1

1−probability of female sex
 for male patients. 

After IPW, differences in demographics and clinical char-
acteristics between males and females were assessed by 
employing absolute standardized differences (ASDs), 
where an ASD < 0.1 was considered balanced. The risk 
ratio (RR) of the outcomes and corresponding confidence 
interval (CI) were then determined based on the weighted 
counts [20].

Statistical significance was defined as a two-sided p-value 
less than 0.05. Among patients included in the current data-
set, < 2% had any form of missing data. Subsequently, data 
that were missing were assumed to be missing at random. To 
manage missing data, multiple imputation by chained equa-
tions was employed; logistic regression was used for race 
and a proportional odds model for the spine AIS. Analyses 
were performed using the tidyverse, haven, mice, survey, 
tableone, and writexl packages in the statistical software 
R 4.0.5 (R Foundation for Statistical Computing, Vienna, 
Austria) [21].

Results

After applying the inclusion and exclusion criteria, 43,756 
patients remained for further analysis; 68% were male 
(N = 29,739) and 32% were female (N = 14,017). On aver-
age, women were older (59 vs 55 years, p < 0.001) and more 
often White (80.8% vs 76.0%, p < 0.001). Female patients 
were also more likely to suffer from hypertension (40.7% 
vs 37.1%, p < 0.001), dementia (3.6% vs 2.1%, p < 0.001), 
chronic obstructive pulmonary disease (7.7% vs 6.0%, 
p < 0.001), and major psychiatric illnesses (15.9% vs 8.3%, 
p < 0.001). Conversely, female patients were less likely to 
have previously suffered a myocardial infarction (0.7% vs 
1.1%, p < 0.001) or suffer from cirrhosis (0.7% vs 0.9%, 
p = 0.023), drug use disorder (4.7% vs 7.2%, p < 0.001), or 
alcohol use disorder (5.2% vs 10.1%, p < 0.001) (Table 1). 
Female patients also tended to be less severely injured 
than male patients (Spine AIS 4 and 5: 19.2% vs 28.5%, 
p < 0.001). Mirroring this, cervical spine injuries were less 
prevalent among females (55.6% vs 63.9%, p < 0.001); 
consequently, cervical spinal cord injuries were also less 
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common (24.6% vs 34.9%, p < 0.001), along with cervical 
spine surgery (69.6% vs 74.5%, p < 0.001), in female patients 
compared to male patients (Table 2).

Prior to adjustment, female patients exhibited lower 
rates of in-hospital mortality (1.5% vs 2.5%, p < 0.001) as 
well as all studied complications, except for myocardial 
infarction, stroke, and surgical site infections, compared 
to males (Table 3). All covariates were balanced with an 
ASD < 0.1 after IPW (Supplemental Table 1). After adjust-
ment for potential confounding, female sex was associated 
with a 37% lower risk of in-hospital mortality [adjusted 
RR (95% CI): 0.63 (0.57–0.69), p < 0.001], a 27% lower 
risk of myocardial infarction [adjusted RR (95% CI): 0.73 
(0.56–0.95), p = 0.021], a 37% lower risk of cardiac arrest 
[adjusted RR (95% CI): 0.63 (0.55–0.72), p < 0.001], a 34% 
lower risk of deep vein thrombosis [adjusted RR (95% CI): 
0.66 (0.59–0.74), p < 0.001], a 45% lower risk of pulmo-
nary embolism [adjusted RR (95% CI): 0.55 (0.46–0.65), 
p < 0.001], a 36% lower risk of ARDS [adjusted RR 
(95% CI): 0.64 (0.54–0.76), p < 0.001], a 34% lower risk 

of pneumonia [adjusted RR (95% CI): 0.66 (0.60–0.72), 
p < 0.001], and a 22% lower risk of surgical site infection 
[adjusted RR (95% CI): 0.78 (0.62–0.98), p = 0.032], com-
pared to their male counterparts. There was no statistically 
significant association between biological sex and risk of 
stroke after TSI (Table 4).

Discussion

In this study, utilizing a large national trauma database 
including more than 40,000 surgically managed isolated TSI 
cases, it was found that female sex was associated with sig-
nificantly lower risk of in-hospital morbidity and mortality. 
These associations were present both before and adjusting 
for confounding. This study highlights the need for further 
investigations into possible mechanisms explaining these 
findings.

Several previous publications suggest that females dem-
onstrate better outcomes following severe trauma when 

Table 1   Demographics of 
patients with isolated traumatic 
spine injuries requiring surgery 
requiring surgery

COPD chronic obstructive pulmonary disease

Male
(N = 29,739)

Female
(N = 14,017)

P-value

Age, median [IQR] 55 [38–68] 59 [41–73]  < 0.001
Race, n (%)
 White 22,607 (76.0) 11,320 (80.8)  < 0.001
 Black 3816 (12.8) 1263 (9.0)  < 0.001
 Asian 549 (1.8) 400 (2.9)  < 0.001
 American Indian 245 (0.8) 120 (0.9) 0.773
 Pacific islander 90 (0.3) 31 (0.2) 0.156
 Other 1930 (6.5) 671 (4.8)  < 0.001
 Missing 310 (1.0) 143 (1.0)

Hypertension, n (%) 11,044 (37.1) 5704 (40.7)  < 0.001
Previous myocardial infarction, n (%) 314 (1.1) 94 (0.7)  < 0.001
Congestive heart failure, n (%) 1008 (3.4) 519 (3.7) 0.102
History of peripheral vascular disease, n (%) 206 (0.7) 91 (0.6) 0.649
Cerebrovascular disease, n (%) 591 (2.0) 303 (2.2) 0.243
Dementia, n (%) 613 (2.1) 503 (3.6)  < 0.001
COPD, n (%) 1788 (6.0) 1079 (7.7)  < 0.001
Current smoker, n (%) 7602 (25.6) 2755 (19.7)  < 0.001
Chronic renal failure, n (%) 416 (1.4) 167 (1.2) 0.085
Diabetes mellitus, n (%) 5123 (17.2) 2405 (17.2) 0.869
Cirrhosis, n (%) 278 (0.9) 100 (0.7) 0.023
Coagulopathy, n (%) 986 (3.3) 467 (3.3) 0.953
Currently receiving chemotherapy for cancer, n (%) 84 (0.3) 41 (0.3) 0.930
Metastatic cancer, n (%) 172 (0.6) 82 (0.6) 0.986
Drug use disorder, n (%) 2132 (7.2) 660 (4.7)  < 0.001
Alcohol use disorder, n (%) 3005 (10.1) 732 (5.2)  < 0.001
Major psychiatric illness, n (%) 2463 (8.3) 2230 (15.9)  < 0.001
Advanced directive limiting care, n (%) 584 (2.0) 405 (2.9)  < 0.001
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compared to males [2, 9, 10, 22]. A notable consequence of 
traumatic injury is a disruption in the immune system, char-
acterized by an aberration in the production of cytokines, 
chemokines, and other inflammatory mediators [2, 22]. It 
has been proposed that variation in hormone levels between 
males and females may account for discrepancies in physio-
logical and immunological responses, with beneficial effects 
of estrogen and unfavorable consequences of (dihydro-) 
testosterone. These might ultimately affect the outcomes of 
the patients [2, 3, 9, 22]. However, discrepancies remain 
between the experimental results from animal models and 
the clinical trials on humans.

In both, rat and pig models of hemorrhagic shock, inject-
ing estrogen sulfate after significant blood loss has been 
shown to improve outcomes as well as having protective 
effects on both myocardial function and vascular respon-
siveness. This may in part be due to estrogen increasing the 
expression of heat shock proteins, which protect cells, and 
thus improve cardiac function [23–31]. This could serve as 
a plausible explanation for the reduced incidence of myo-
cardial infarction and cardiac arrest observed in females 
compared to males within the current study. Furthermore, 
studies have shown that males experience a higher incidence 
of sepsis, multiple organ failure, and mortality following 
traumatic injury due to alterations in the immune response 
[32–34]. Large-scale analyses have reported decreased sur-
vival rates and a higher frequency of infections and sepsis 
in males following trauma [35, 36]. A registry study involv-
ing over 680,000 patients revealed an association between 
female sex and a decrease in complication and mortality 
rates following trauma [35]. Another study of more than 
30,000 patients found that males were more likely to develop 
pneumonia following traumatic injury [36]. These findings 
align with the results of the current study where the risk of 
post traumatic ARDS and pneumonia are higher in males.

A number of studies have been conducted to examine 
if there are sex-related disparities in mortality rates after a 
spinal cord injury [11, 12, 15–17]. However, these studies 
have produced varied outcomes. For instance, Furlan et al. 
recently published a retrospective cohort study on patients 
with traumatic spinal cord injuries, composed of 5,571 
individuals, and could not demonstrate any sex-dependent 
difference in regard to in-hospital mortality [11]. Another 
study published in 2019, including 504 individuals, also 
concluded that there was no significant difference in sur-
vival rates between males and females following acute spi-
nal injury [12]. Furthermore, a Swiss observational cohort 
study composed of 2,421 individuals with traumatic SCI 
by Chamberlain et al., observed that males had a greater 
mortality rate than females with a univariate analysis haz-
ard ratio of 1.38 (95% CI 1.10–1.74). However, the multi-
variable analysis resulted in a hazard ratio of 1.0 (95% CI 
0.79–1.10), which was not statistically significant [15]. On 

Table 2   Clinical characteristics of patients with isolated traumatic 
spine injuries requiring surgery

ISS injury severity score, AIS abbreviated injury severity score

Male
(N = 29,739)

Female
(N = 14,017)

P-value

ISS, median [IQR] 9.0 [5.0–16] 9.0 [5.0–13]  < 0.001
Missing, n (%) 11 (0.0) 5 (0.0)
Head AIS, n (%)  < 0.001
 Injury not present 25,283 (85.0) 12,353 (88.1)
 1 4456 (15.0) 1664 (11.9)

Face AIS, n (%)  < 0.001
 Injury not present 24,363 (81.9) 11,754 (83.9)
 1 5376 (18.1) 2263 (16.1)

Neck AIS, n (%) 0.020
 Injury not present 29,364 (98.7) 13,801 (98.5)
 1 375 (1.3) 216 (1.5)

Spine AIS, n (%)  < 0.001
 2 10,923 (36.7) 5371 (38.3)
 3 10,309 (34.7) 5945 (42.4)
 4 6133 (20.6) 2080 (14.8)
 5 2359 (7.9) 616 (4.4)
 Missing 15 (0.1) 5 (0.0)

Thorax AIS, n (%) 0.010
 Injury not present 27,878 (93.7) 13,229 (94.4)
 1 1861 (6.3) 788 (5.6)

Abdomen AIS, n (%) 0.097
 Injury not present 28,937 (97.3) 13,599 (97.0)
 1 802 (2.7) 418 (3.0)

Upper extremity AIS, n (%)  < 0.001
 Injury not present 26,453 (89.0) 12,656 (90.3)
 1 3286 (11.0) 1361 (9.7)

Lower extremity AIS, n (%) 0.330
 Injury not present 26,917 (90.5) 12,645 (90.2)
 1 2822 (9.5) 1372 (9.8)

External/Other AIS, n (%) 0.014
 Injury not present 28,435 (95.6) 13,474 (96.1)
 1 1304 (4.4) 543 (3.9)

Level of spine injury, n (%)
 Cervical 19,018 (63.9) 7796 (55.6)  < 0.001
 Thoracic 7943 (26.7) 4115 (29.4)  < 0.001
 Lumbar 7684 (25.8) 4225 (30.1)  < 0.001

Spinal cord injury, n (%)
 Cervical 10,378 (34.9) 3453 (24.6)  < 0.001
 Thoracic 1722 (5.8) 717 (5.1) 0.004
 Lumbar 1385 (4.7) 620 (4.4) 0.286

Level of spine surgery, n 
(%)

 Cervical 22,150 (74.5) 9752 (69.6)  < 0.001
 Thoracic 15,842 (53.3) 8013 (57.2)  < 0.001
 Lumbar 13,159 (44.2) 6787 (48.4)  < 0.001
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the other hand, Hatch et al. documented a greater mortality 
rate among males when performing an analysis with a mul-
tivariable Cox proportional hazards model (HR 1.3 [95% 
CI 1.0, 1.6]) in a cohort study composed of 535 cases with 
nontraumatic SCI and 221 cases with traumatic SCI [16]. 
A larger retrospective cohort study from Japan also dem-
onstrated a significantly higher mortality risk among males 
(odds ratio: 2.06 [95% CI 1.44–2.93]) after multivariable 
logistic regression analysis using 8069 cases of traumatic 
SCI [17].

The previously conducted studies on sex-dependent 
differences after spinal injury have mainly focused on in-
hospital mortality and functional outcomes after surgery 
for traumatic SCI [11, 12, 15–17]. Nevertheless, the current 
study could also demonstrate a lower risk of complications 

postoperatively in females after adjusting for SCI in isolated 
TSI. The differences seen in the mentioned studies might be 
due to the complexity in the relationship between biological 
sex and adverse outcomes, which may also be influenced by 
various factors, such as methodological variances, differ-
ences in healthcare systems, and population profiles.

Our study has several advantages, including the use of a 
comparatively large national sample population composed of 
patients treated at over 875 trauma centers across the United 
States. In contrast to previous studies, the current investi-
gation has included all TSIs undergoing surgery. However, 
due to the retrospective nature of this study, it should be 
acknowledged that the study's findings are only observed 
associations and further research is required to further inves-
tigate possible causal relationships and mechanisms. Other 

Table 3   Crude outcomes in 
patients with isolated traumatic 
spine injuries requiring surgery

Duration of ICU stay is measured in days
ICU intensive care unit

Male
(N = 29,739)

Female
(N = 14,017)

P-value

In-hospital mortality, n (%) 752 (2.5) 214 (1.5)  < 0.001
Myocardial infarction, n (%) 82 (0.3) 30 (0.2) 0.275
Cardiac arrest with CPR, n (%) 391 (1.3) 96 (0.7)  < 0.001
Stroke, n (%) 69 (0.2) 30 (0.2) 0.793
Deep vein thrombosis, n (%) 540 (1.8) 142 (1.0)  < 0.001
Pulmonary embolism, n (%) 259 (0.9) 63 (0.4)  < 0.001
Acute respiratory distress syndrome, n (%) 238 (0.8) 65 (0.5)  < 0.001
Pneumonia, n (%) 806 (2.7) 181 (1.3)  < 0.001
Surgical site infection, n (%) 115 (0.4) 38 (0.3) 0.068
Duration of ICU stay, median [IQR] 4.0 [3.0–8.0] 4.0 [3.0–6.0]  < 0.001

Table 4   Risk ratio of mortality 
and complications after surgery 
in patients with isolated 
traumatic spine injuries, after 
IPTW

All variables were balanced after IPW, with ASDs < 0.1. Weights are based on age, sex, race, highest 
abbreviated injury severity score in each region, level of injury, presence of spinal cord injury, level of 
spine surgery, hypertension, previous myocardial infarction, congestive heart failure, history of peripheral 
vascular disease, cerebrovascular disease, dementia, chronic obstructive pulmonary disease, smoking sta-
tus, chronic renal failure, diabetes mellitus, cirrhosis, coagulopathy, currently receiving chemotherapy for 
cancer, metastatic cancer, drug use disorder, alcohol use disorder, major psychiatric illness, and advanced 
directives limiting care
IPW Inverse probability weighting, RR Risk ratio, CI Confidence Interval, ASD Absolute standardized dif-
ference

Male Female
RR (95% CI)

P-value

In-hospital mortality Reference 0.63 (0.57–0.69)  < 0.001
Myocardial infarction Reference 0.73 (0.56–0.95) 0.021
Cardiac arrest with CPR Reference 0.63 (0.55–0.72)  < 0.001
Stroke Reference 0.95 (0.73–1.25) 0.749
Deep vein thrombosis Reference 0.66 (0.59–0.74)  < 0.001
Pulmonary embolism Reference 0.55 (0.46–0.65)  < 0.001
Acute respiratory distress syndrome Reference 0.64 (0.54–0.76)  < 0.001
Pneumonia Reference 0.66 (0.60–0.72)  < 0.001
Surgical site infection Reference 0.78 (0.62–0.98) 0.032
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limitations to acknowledge are the risk of potential residual 
confounding, dependency on the precision of data recorded 
in the dataset, as well as the inability to evaluate variables 
not present in the dataset, such as results of blood samples 
taken on admission, the cause of death, the utilization and 
extent of preoperative optimization, and intraoperative fac-
tors. Despite these limitations, the large dataset enabled 
adjustments to be made for a significant number of pread-
mission comorbidities, racial and demographic differences.

Conclusion

Female sex is associated with a significantly decreased risk 
of in-hospital mortality as well as complications following 
surgical management of traumatic spinal injury. Additional 
research is required to better understand the underlying 
mechanism behind this relationship.
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