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Purpose: This study aims to evaluate and compare the prognostic performance of shock index (SI) and systolic blood pressure (SBP)
for predicting mortality among trauma patients at risk of hemorrhage in South Africa, a high-trauma burden setting with resource
constraints.

Patients and Methods: This is a secondary analysis of data from the EpiC study, a prospective, multicenter observational
investigation of trauma patients in the Western Cape, South Africa. Adult patients with blunt or penetrating injuries and no significant
head injury were included. The predictor variables—SI and SBP at facility arrival-and the outcome (30-day mortality) were analyzed
through a sequential analytical framework. Segmented logistic regressions identified inflection points; ROC analyses with Youden’s
J statistic determined optimal thresholds. Model comparisons employed DeLong’s test, calibration plots, Brier scores, and decision
curve analysis. Subgroup analyses were conducted by injury mechanism and severity.

Results: Among 3609 patients, 6.1% died within 30 days. SI demonstrated an inflection point at 0.69 and SBP at 82 mmHg. ROC
analysis yielded similar AUCs of 0.62 (SI) and 0.60 (SBP) (p=0.418). However, SI showed superior calibration (Brier score: 0.054 vs
0.058), a higher positive likelihood ratio (2.70 vs 2.01; p<0.001), and greater net benefit across a broader range of predicted-risk
thresholds on decision curve analysis. The optimal SI cutoff of >1.21 yielded 85.1% specificity and 40.3% sensitivity.

Conclusion: Both SI and SBP demonstrated only modest discrimination for 30-day mortality, reflecting the inherent limitations of
single vital-sign predictors in complex trauma populations. Within these constraints, SI showed marginally better calibration and rule-
in performance than SBP; however, neither predictor alone is sufficient for definitive mortality risk prediction. An SI threshold of
>1.21 may serve as a practical screening tool to flag high-risk patients warranting closer monitoring or escalated care, particularly in
resource-limited settings where laboratory and imaging resources are constrained.
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Introduction
Injuries claim over 4.4 million lives annually, with traumatic brain injury and uncontrolled bleeding being the leading
causes of death worldwide in both civilian and military settings.'” Trauma-related mortality and morbidity are
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disproportionately higher in low- and middle-income countries (LMIC) due to delayed transport, inadequate surgical
care, and treatment gaps, amongst other reasons.” ® Traumatic hemorrhage remains the most common and most
preventable cause of early post-injury death, peaking within three hours—a pattern unchanged for decades despite
advances in trauma care.” '* Systolic blood pressure (SBP) is widely used for triage in trauma, yet its reliability is limited
because compensatory mechanisms can maintain normal SBP despite substantial hemorrhage.'? The Shock Index (SI)—
the ratio of heart rate (HR) to SBP—was introduced by Allgower and Burri'* in 1967 as a simple clinical tool to identify
early circulatory compromise when SBP alone remains deceptively normal. SI leverages the inverse relationship between
increasing tachycardia and falling arterial pressure during progressive blood loss.

A recent international systematic review—including studies from the US, Europe, Asia, and Australia but none from
Africa—found that SI had limited value as a standalone predictor of MT and was inaccurate for predicting mortality in
adult trauma patients.'> Across the broader literature, findings on SI and SBP predictive performance are highly
inconsistent, shaped by heterogeneity in study populations (injury severity, mechanism, age, comorbidities), timing of
measurement (prehospital vs emergency department), choice of cutoffs, and resource availability.'®° Wu et al in their
most recent study reported that dynamic changes in shock index, termed delta SI, improved prediction of massive
transfusion compared with single SBP or SI values.'®

In LMICs—where prehospital delays, limited blood-product availability, and constrained diagnostic capacity are
common—there is great potential value of simple physiology-based triage tools; however, empirical research rigorously
evaluating the predictive performance of SI and SBP in these settings remains critically sparse, leaving a substantial
evidence gap. Few studies have evaluated SI or SBP in LMIC settings, and only a few have been conducted in sub-
Saharan Africa, reporting generally limited predictive accuracy for SI and its derivatives.'”***? Importantly, prior
studies have seldom provided head-to-head comparisons of SI and SBP within the same LMIC trauma populations, nor
have they systematically examined nonlinear risk—outcome relationships or clinically actionable thresholds tailored to
resource-constrained settings.

To address these gaps, we conducted a comparative evaluation of SI and SBP for mortality prediction in an LMIC
trauma cohort, with emphasis on (i) directly contrasting their predictive performance, (ii) characterizing potential
nonlinear associations and inflection points, and (iii) identifying pragmatic decision thresholds relevant to low-
resource clinical environments. Findings from this study hold potential to improve trauma care in resource-constrained
trauma settings.

Materials and Methods

Study Design and Patient Population

This study is a secondary analysis of data from the Epidemiology and Outcomes of Prolonged Trauma Care (EpiC) study,
a prospective, multicenter observational investigation conducted in the Western Cape Province of South Africa.”® The
EpiC study was designed to advance the understanding of trauma epidemiology and outcomes, particularly in resource-
limited settings where trauma burden is high and there are barriers to intensive and definitive trauma care. The study
encompasses 12 Western Cape Government public health agencies, including six hospitals (spanning primary, secondary,
and tertiary levels), four EMS ambulance bases, and two forensic pathology laboratories. This infrastructure enables the
creation of South Africa’s first multi-institutional trauma database, prospectively linking prehospital, in-hospital, and
mortuary data from the point of injury through to final disposition.

Eligible trauma patients were identified through systematic review of EMS, hospital, and mortuary records. Medical
records were carefully screened to confirm eligibility and subsequently entered into REDCap, with cases followed until
discharge or death. Detailed data abstraction was performed, and records were probabilistically linked across sources.
Rigorous data cleaning and verification ensured analytic accuracy.”® For this secondary analysis, we included adult
patients (aged >18 years) at risk for hemorrhage, defined as experiencing a blunt, penetrating, or mixed force type and at
least one of: Sequential Organ Failure Assessment (SOFA) cardiovascular score >3, initial lactate >4.0, base deficit >6,
pH <7.2, circulatory diagnoses (shock, hemorrhagic hypovolemia, cardiac tamponade, cardiac arrest), or hemorrhage as
primary/secondary mechanism of death. We further excluded those with moderate or greater head injuries (Abbreviated
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Injury Scale [AIS] head >2) to isolate hemorrhage-related shock physiology without confounding from traumatic brain
injury.?*

The Western Cape setting—marked by large trauma caseloads, high incidence of penetrating injury, prolonged
prehospital times, and limited access to intensive care and definitive therapies—mirrors challenges faced by many
LMICs, making this cohort valuable for understanding trauma care in high-burden environments.>>?® The study was
conducted in accordance with the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
guidelines.?” Ethics approval, with a waiver of informed consent, was obtained from the Stellenbosch University Health
Research Ethics Committee (Project ID 14866; Ref. N20/03/036), with oversight ceded by the University of Colorado
(Protocol 20-2176) and concurrence from the Defense Health Agency Office of Human Research Oversight (OHRO Log
E01863.1x).

Statistical Analysis

Primary predictor variables were SI and SBP, obtained from the first set of vital signs recorded on facility arrival using
routinely calibrated automated monitors and standardized data-entry procedures across all sites. Facility arrival was
selected as prior work with this study cohort found about one-half of all patients arrive directly at the emergency center
and thus were missing prehospital vital signs.”® The primary outcome was all-cause mortality within 30 days of injury,
analyzed as a binary variable to capture acute trauma-related mortality. The literature shows no consensus on mortality
time points for evaluating SI or SBP, often reporting in-hospital or overall mortality without a fixed horizon. Fixed short-
term outcomes (eg, 24- or 48-hour mortality) are less common and variably defined. In this context, our choice of 30-day
mortality aligns with prevailing practice and provides a standardized, clinically meaningful endpoint.®®!>71729-26 Stydy
size was determined by the available eligible population. Complete case analysis was performed, as missing data were
minimal (<0.3%) and unlikely to introduce bias.

Prior to analysis, SI values and SBP measures were screened for outliers using complementary statistical methods,
including z-scores and Tukey’s interquartile range; outliers were retained in the primary analysis to reflect real-world
physiologic variation, with their presence documented. We assessed and compared the prognostic performance of SI and
SBP for mortality prediction among trauma patients at risk of hemorrhagic shock through a sequential analytical
framework. This framework was selected because standard discrimination metrics, such as the area under the curve
(AUC), alone cannot fully capture the clinical utility of a prognostic tool. Segmented regression was used to identify
clinically meaningful inflection points and characterize nonlinear risk relationships that would be missed by conventional
approaches. Calibration assessment directly validated that predicted mortality probabilities align with observed out-
comes. Decision curve analysis (DCA) quantified net benefit across realistic decision thresholds, demonstrating superior
value compared to discrimination-only approaches. Together, these components provide a comprehensive evaluation that
discrimination metrics alone cannot achieve.” "

First, we fitted univariate segmented logistic regression models for each predictor (SI and SBP) to characterize
potential nonlinear relationships with mortality, allowing the slope to vary across different ranges of the data, reflecting
a shift in the underlying risk gradient. This approach fits a piecewise regression model that estimates the breakpoint
(inflection point) where the predictor—outcome slope changes. The breakpoint was identified iteratively using Muggeo’s
(2003) algorithm, with starting values guided by restricted cubic spline plots, and convergence assessed by stability
across iterations.>> Using 2000 bootstrap replicates, we iteratively estimated the inflection points where slopes changed
and derived corresponding 95% confidence intervals (CIs).*> This resampling approach also provided bias-corrected
performance estimates by quantifying and subtracting optimism, ie, the difference between bootstrap and original sample
performance, yielding more conservative and reliable measures of model discrimination. Second, we evaluated the
discriminatory performance of the two models using receiver operating characteristic (ROC) curve analysis and reported
the AUC with 95% CIs. For each model and across all cutoffs, we calculated sensitivity, specificity, and positive
likelihood ratios (LR+). Optimal thresholds were determined using Youden’s J statistic, and we report the corresponding
sensitivity, specificity, and LR+ at those thresholds, emphasizing high specificity to better identify patients truly at high
risk of early death while minimizing false positives and unnecessary escalation of care and resource use.>* > This
approach was complemented by decision curve analysis to evaluate whether the identified cutoffs offer meaningful net
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clinical benefit beyond default strategies of treating all or no patients as high risk. Finally, we compared the performance
of the two models—SI and SBP—by assessing discrimination using AUCs with DeLong’s test, predictive accuracy using
calibration plots and Brier scores. We also compared LR+ based on the optimal cut point identified for each model.

Subgroup Analyses
We conducted several subgroup analyses to evaluate whether the predictive performance of SI and SBP varied across
clinically relevant patient populations. Subgroups were defined by mechanism of injury (blunt vs penetrating trauma) to
reflect differences in physiology and injury patterns between trauma types, and by New Injury Severity Score (NISS)
categories representing minor-to-moderate (NISS <16), moderate (NISS 16-25), and severe (NISS >25) injuries. To
assess clinical generalizability, the optimal thresholds identified in the primary analysis were applied uniformly across all
subgroups, rather than deriving subgroup-specific cutoffs. This approach evaluates whether thresholds derived from the
overall cohort maintain consistent discriminative performance across subgroups, addressing a key question for research
and clinical implementation—whether a single threshold remains valid across varying injury mechanisms and severity
levels.

All analyses were performed using R (version 4.5.0) with the segmented, pROC, and rmda packages for segmented

regression, ROC analysis, calibration assessment, and decision curve analysis.%*38

Results

Of 14,888 patients screened across all EpiC Study sites between June 2022 and December 2024, exclusions included
burns, hangings/chokings, or drownings (n=381), other injury force types than penetrating or blunt (n=73) and pediatric
patients (n = 6), leaving 14,428 eligible trauma patients. Among these, 5054 were classified as at risk for hemorrhage;
exclusions at this stage included patients not at risk for hemorrhage (n=10,675), and concomitant head injury
(AIS Head > 2; n=132). After removing patients with invalid timestamps and missing SI or SBP (n= 12), the final
analytic cohort comprised 3609 patients (Figure S1).

Included patients had a median age of 31.2 years (interquartile range [IQR], 25.6-38.4), and 85.9% were male.
Penetrating injuries accounted for 74.6% of the patients, with stabbing or cutting being the predominant mechanism
(55.6%). At presentation, patients had a median shock index of 0.9 (IQR: 0.7-1.1) and a median SBP of 100 mmHg
(IQR, 88-123). Hypotension (SBP <90 mmHg) was present in 29.5% of patients. Using the prespecified z-score
threshold of |z| >3, potential outliers were identified in 57 observations (1.6%) for SI and 23 observations (0.6%) for
SBP; both variables demonstrated stable distributions with minimal extreme values. The median NISS was 10 (IQR, 3—
19), with 34.3% classified as moderate or severe injuries (NISS >16). The median time from injury to discharge or death
was 3.5 days (IQR, 1.2-7.2). Overall, 221 patients (6.1%) died within 30 days of injury (Table 1).

Nonlinear Associations and Optimal Cutoff Points for Mortality

Segmented logistic regression analysis identified distinct inflection points in the relationships between SI and SBP with
mortality. The estimated inflection point for SI was 0.69 (95% CI, 0.63-0.73), above which the risk of death increased
sharply. For SBP, the estimated inflection point was 82 mmHg (95% CI, 63-95 mmHg), with mortality probability rising
steeply below this value (Table 2). Segmented logistic regression plots depicting the nonlinear associations of SI and SBP
with mortality, along with estimated inflection points and bootstrapped 95% Cls, are presented in Figure S2.

ROC curve analysis demonstrated modest discriminatory performance for both SI (AUC, 0.62; 95% CI, 0.58-0.67) and SBP
(AUC, 0.60; 95% CI, 0.56-0.65) in predicting mortality (Table 2). ROC curves and corresponding AUC estimates for SI and
SBP are presented in Figure S3. Using Youden’s J statistic, the optimal cutoff for SI was 1.21 (95% CI, 0.98-1.33), yielding
a specificity of 85.1% (95% CI, 65.6-90.9%), sensitivity of 40.3% (95% CI, 31.7-60.6%), and LR+ of 2.70 (95% CI, 1.68—
3.90). For SBP, the optimal cutoff was 89 mmHg (95% CI, 55-90 mmHg), with specificity of 75.0% (95% CI, 73.3-98.8%),
sensitivity of 50.2% (95% CI, 24.4-56.6%), and LR+ of 2.01 (95% CI, 1.85-21.9). Both indices achieved high specificity but
modest sensitivity, consistent with clinical priorities that favor minimizing false-positive classifications in emergency risk
stratification. The high specificity supports the utility of these thresholds for identifying elevated risk, whereas the modest
sensitivity indicates that reliance on these parameters alone would fail to capture a substantial proportion of high-risk patients.
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Table | Patient Physiologic and Injury Characteristics

Characteristics*

Overall

Injury force type, n (%)
Penetrating
Blunt
Blunt + Penetrating
Shock index
Shock index (categorized), n (%)
0.0—<1.0
1.0—<14
214
Systolic blood pressure (SBP) in mmHg
SBP in mmHg (categorized), n (%)
Hypotension (<90)
Normal (90-120)
Hypertension (2120)
New injury severity score (NISS)
NISS (categorized), n (%)
Minor, (<16)
Moderate, (16-25)

(N = 3609)

2693 (74.6%)
745 (20.6%)
171 (4.7%)
0.9 [0.7, I.1]

2370 (65.7%)
933 (25.9%)

306 (8.5%)

100.0 [88.0, 123.0]

1063 (29.5%)
1505 (41.7%)
1041 (28.8%)
10.0 [3.0, 19.0]

2371 (65.7%)
624 (17.3%)

Severe (>25) 614 (17.0%)
Heart rate 91.0 [77.0, 106.0]
No. of patients died within 30 days from injury 221 (6.1%)

Notes: Shock index, systolic blood pressure and heart rate measured upon facility arrival;
Continuous patient characteristics are presented as median [interquartile range, ie, QI and Q3].

Table 2 Diagnostic Performance of Shock Index and Systolic Blood
Pressure for 30-Day Mortality

Estimate (95% CI)

Shock Index Systolic Blood Pressure

Segmented regression

Inflection point 0.69 (0.63-0.73) 82.2 (63.0-94.8)

Diagnostic performance

AUC 0.62 (0.58-0.67) 0.60 (0.56-0.65)
Cutoff point 121 (0.98-1.33) 88.5 (54.5-89.5)
Specificity 0.85 (0.66-0.91) 0.75 (0.73-0.99)
Sensitivity 0.40 (0.32-0.61) 0.50 (0.24-0.57)
LR+ 2.70 (1.68-3.90) 2.01 (1.85-21.9)

Abbreviations: Cl, confidence intervals; AUC, area under curve; LR+, positive likelihood
ratio.

Integrated Comparison of Overall Predictive Performance

Direct comparison showed similar discrimination between SI (AUC, 0.62) and SBP (AUC, 0.60), with no statistically
significant difference using DeLong’s test (p=0.418), suggesting that neither parameter substantially outperforms the
other in identifying patients at risk of mortality. However, SI demonstrated superior calibration (Figure S4), with
predicted probabilities more closely aligned with observed mortality and a lower Brier score (0.054 from SI-based
model vs 0.058 from SBP-based model), indicating modestly improved overall accuracy—a distinction that may be

important when precise risk estimates are required for quantitative risk characterization. Furthermore, the absolute
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difference in LR+ was 0.69 (95% CI, 0.30-1.10; p<0.001), indicating superior rule-in performance of SI compared with
SBP, which may facilitate more reliable identification of higher-risk individuals in prognostic applications. Finally, DCA
showed that both SI and SBP yielded higher net benefit than reference strategies in which all or no patients were
classified as high risk, across varying levels of predicted mortality risk, with particularly strong performance at lower
probabilities, supporting their potential role in risk-based stratification. While SBP showed a modest advantage at very
low predicted-risk levels ranging from 0.15 to 0.25, SI demonstrated consistently higher and more sustained net benefit
across a broader range of predicted-risk values (up to 0.85), indicating greater robustness of SI for mortality risk
stratification across heterogeneous patient profiles and injury severity distributions (Figure S5).

Subgroup Analyses

The subgroup analyses revealed variations in predictive performance across different patient populations (Tables 3 and 4).
Among patients with blunt injury, the mortality rate was 6.85%, with SI demonstrating an inflection point at 0.67 and an
AUC of 0.58, while SBP showed an inflection point at 85 mmHg with an AUC of 0.56, where predictive performance
analyses for SI and SBP were conducted at fixed thresholds of 1.21 and 89 mmHg, respectively (Table 3). For penetrating
injury patients, the mortality rate was 5.94%, with ST having an inflection point of 0.70 and AUC of 0.63 compared to SBP’s
inflection point of 62.8 mmHg and AUC of 0.60. When stratified by injury severity (Table 4), patients with NISS <16 had
the lowest mortality at 1.18%, while those with NISS >25 experienced the highest mortality at 23.78%. The SI inflection
points varied considerably across severity groups, ranging from 0.51 in the most severely injured to 0.89 in patients with
NISS <16, while SBP inflection points ranged from 63 to 94 mmHg across these same groups.

Comparing the predictive performance of SI and SBP in the subgroup analyses yielded results similar to those
observed in the main analysis. DeLong’s test showed no statistically significant differences in AUC between the two
predictors in any subgroup. However, SI demonstrated superior calibration performance in patients with NISS <16 and
NISS >25, while calibration was similar between the two measures in other subgroups. Brier scores consistently favored

Table 3 Subgroup Analyses (by Mechanism of Injury) of Shock Index and
Systolic Blood Pressure Performance for Mortality Prediction

Predictor Metric Mechanism of Injury

Blunt Injury Penetrating Injury

(N = 745) (N =2693)
30-day mortality 6.85% 5.94%
Segmented regression—Inflection point
SI Inflection point | 0.67 (0.61-0.71) 0.70 (0.62-0.86)
SBP in mmHg | Inflection point | 85.2 (68.0-96.9) 62.8 (61.0-64.0)
Diagnostic performance at optimal cutoff
SI > 1.21 AUC 0.58 (0.49-0.67) 0.63 (0.58-0.68)
Specificity 0.88 (0.86-0.91) 0.85 (0.83-0.86)
Sensitivity 0.31 (0.20-0.45) 0.42 (0.34-0.49)
LR+ 2.66 (1.58-4.01) 2.71 (2.16-3.28)
SBP < 89 mmHg | AUC 0.56 (0.47-0.66) 0.60 (0.55-0.66)
Specificity 0.82 (0.79-0.85) 0.73 (0.72-0.75)
Sensitivity 0.41 (0.28-0.55) 0.51 (0.43-0.58)
LR+ 2.31 (1.48-3.20) 1.89 (1.57-2.23)

Notes: All values are presented as “Estimate (95% CI)” unless otherwise indicated; SBP at cutoff
< 89 mmHg. Both cutoffs identified using Youden'’s | statistic in the primary analysis.
Abbreviations: AUC, area under the curve; Cl, confidence interval; LR+, positive likelihood
ratio; Sl, shock index; SI 21.21, SI diagnostic performance reported at cutoff 21.21; SBP, systolic
blood pressure; SBP <89 mmHg.

6 https: Open Access Emergency Medicine 2026:18


https://www.dovepress.com/article/supplementary_file/618018/Figure%20S1-S5%20%281%29.pdf

Wogu et al

Table 4 Subgroup Analyses (by New Injury Severity Score) of Shock Index and Systolic
Blood Pressure Performance for Mortality Prediction

Predictor Metric New Injury Severity Score
NISS < 16 NISS 16-25 NISS > 25
(N =2371) (N = 624) (N=614)
30-day mortality 1.18% 7.53% 23.78%
Segmented regression—Inflection point
SI Inflection point | 0.89 (0.72-1.06) | 0.65 (0.64-0.67) | 0.51 (0.50-0.54)
SBP in mmHg | Inflection point | 80.7 (80.3-81.0) | 62.7 (57.0-66.9) | 94.0 (45.3—-139.0)
Diagnostic performance at optimal cutoff
SI > 1.21 AUC 0.62 (0.47-0.76) | 0.57 (0.47-0.68) | 0.61 (0.55-0.67)
Specificity 0.87 (0.86—0.88) | 0.85 (0.82-0.88) | 0.77 (0.73-0.80)
Sensitivity 0.43 (0.25-0.61) | 0.36 (0.23-0.51) | 0.40 (0.32-0.49)
LR+ 3.28 (1.81-4.77) | 2.35 (1.40-3.45) | 1.72 (1.30-2.20)
SBP < 89 mmHg | AUC 0.61 (0.47-0.73) | 0.58 (0.48-0.68) | 0.60 (0.55-0.66)
Specificity 0.76 (0.75-0.78) | 0.75 (0.72-0.79) | 0.68 (0.64-0.72)
Sensitivity 0.50 (0.32-0.68) | 0.47 (0.32-0.62) | 0.51 (0.43-0.60)
LR+ 2.11 (1.30-2.91) | 1.89 (1.29-2.55) | 1.62 (1.31-2.00)

Notes: All values are presented as “Estimate (95% Cl)” unless otherwise indicated; SBP at cutoff <89 mmHg. Both
cutoffs identified using Youden’s | statistic in the primary analysis.

Abbreviations: AUC, area under the curve; Cl, confidence interval; LR+, positive likelihood ratio; NISS, New
Injury Severity Score; SI, shock index; SI 21.21, SI diagnostic performance reported at cutoff 21.21; SBP, systolic
blood pressure; SBP <89 mmHg.

SI across all subgroups, although the differences between the Brier scores of SI and SBP were generally minimal.
Decision curve analysis suggested that SI provided wider net benefit ranges in most subgroups, particularly in penetrating
injury and lower severity injury patients. Positive likelihood ratio comparisons revealed a statistically significant
advantage for SI only in the penetrating injury subgroup (p<0.001) and in patients with NISS <16 (p=0.032), while no
significant differences were observed in the remaining subgroups.

Discussion

Traditional vital signs such as SBP and heart rate are routinely used as physiologic indicators of significant hemorrhage,
yet their ability to detect early or occult shock has been repeatedly challenged.'*'****° This ongoing uncertainty has
prompted growing interest in integrative indicators that more accurately reflect the underlying hemodynamic status. The
shock index, which combines heart rate and SBP into a single parameter, has been proposed as one such marker. Its
simplicity and potential for improved diagnostic accuracy make it an appealing target for research aimed at advancing
early risk stratification in trauma patients.

Our study demonstrated that SI performed slightly better than SBP in predicting mortality among trauma patients at
risk for hemorrhage, reinforcing its potential role in mortality risk stratification. However, these differences should be
interpreted cautiously: the AUCs for both predictors were modest and statistically indistinguishable (0.62 vs 0.60;
p=0.418), suggesting that neither measure alone provides strong prognostic accuracy. In segmented logistic regression
models, SI exhibited superior calibration and improved accuracy predictions over SBP. Although the AUCs for SI and
SBP were similar in ROC analysis, SI showed a higher LR+, indicating stronger discrimination for death. Specifically,
a SI >1.21 was associated with a 2.7-fold increase in the likelihood of mortality compared to those with SI <1.21.
Decision curve analysis further revealed that SI provided higher net benefit across a range of threshold probabilities
compared to SBP. These findings are consistent with prior research demonstrating superior prognostic accuracy of SI
over traditional vital signs, particularly in identifying patients at risk of hemodynamic instability despite apparently
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normal SBP values.'”>%*! Nevertheless, the small and statistically non-significant difference in discrimination between
SI and SBP suggests that any apparent advantage of SI is limited in practical terms and reinforces that neither measure
alone—particularly within a univariable framework—offers sufficient prognostic accuracy; rather, both are best con-
sidered complementary screening tools to support, rather than replace, comprehensive clinical assessment.

Determining appropriate thresholds for SI and SBP is an important methodological consideration when these
measures are used for risk stratification. In our analysis, the inflection point identified through segmented regression
for SI (0.69) differed from the cutoff obtained using Youden’s J statistic (1.21). This difference reflects the distinct
conceptual aims of the two methods: segmented regression detects the point at which the association between SI and
mortality begins to change, indicating a shift in the underlying risk gradient, whereas Youden’s J identifies the threshold
that maximizes combined sensitivity and specificity for outcome classification. Thus, the former emphasizes structural
change in the exposure—outcome relationship, while the latter prioritizes predictive discrimination. For SBP, the two
approaches produced more similar estimates (82 and 89 mmHg), close to the conventional 90-mmHg benchmark. These
observations highlight that threshold selection is method-dependent and should follow the analytic purpose rather than
a universal criterion.

Although both measures showed modest discrimination, the shock index demonstrated better calibration, a higher
positive likelihood ratio (2.70 vs2.01), and superior net benefit across multiple risk thresholds. A shock index >1.21
could be useful to alert clinicians to patients requiring immediate resuscitative attention, early activation of massive
transfusion protocols, and prioritization for higher-level trauma care. Importantly, our study contributes novel evidence
from a LMIC context, where trauma remains a leading cause of preventable death and where immediate access to
advanced diagnostic tools and therapeutics may be limited. The superior performance of SI compared with SBP likely
reflects its ability to capture early circulatory compensation by integrating both heart rate and blood pressure. In LMIC
settings, where high burdens of anemia, malnutrition, chronic infection, and limited preventive care reduce physiological
reserve, patients—especially younger trauma victims or pregnant individuals commonly seen in emergency care—often
maintain normal SBP despite substantial hypovolemia, hemorrhage, or blood loss, rendering hypotension a late and
insensitive shock indicator.**™*> Shock index rises earlier through disproportionate tachycardia, better accounting for
these compensatory mechanisms and improving risk stratification where advanced diagnostics are unavailable.*’

Several limitations merit acknowledgment. First, our study population was relatively young, with 75% of patients
aged between approximately 25 and 38 years. Prior investigations, such as by Bhandarkar et al, have reported that age-
adjusted SI improves predictive accuracy compared with the conventional SI, largely reflecting the influence of age-
related physiologic differences in cardiovascular response to trauma.*® Because of our predominantly young adult cohort,
we were unable to explore this relationship. Second, the analysis was univariable and did not adjust for other relevant
covariates, such as Injury Severity Score, comorbidities, or mechanism of injury, which likely contributed to the modest
discriminatory performance of both predictors. The influence of unmeasured physiologic and clinical factors therefore
cannot be fully ruled out. Finally, selection and survival biases cannot be excluded: our dataset captured only patients
who survived to hospital presentation, thereby excluding both those who died before seeking care and those who died in
the prehospital phase — arguably the most critically ill patients with the most extreme physiological derangements. This
restriction of the severity spectrum may have affected the true prognostic performance of both predictors, potentially
limiting the generalizability of our findings to the broader hemorrhagic trauma population. Collectively, these limitations
suggest that residual confounding, selection bias, and the specific LMIC clinical context should be considered when
interpreting these findings and their generalizability.

Conclusion

In trauma patients at risk of hemorrhage, SI shows marginally greater prognostic performance than SBP across multiple
performance metrics, though the difference in discrimination was small and statistically nonsignificant. Its superior
calibration and net benefit across risk thresholds highlight its potential value in advancing research on trauma care and
outcomes. Overall, our findings add to growing evidence that SI provides clinically useful, rapid, and inexpensive risk
stratification in trauma settings; its potential utility at higher thresholds may be particularly relevant for advancing
research and informing care in resource-limited environments. Given the incremental nature of SI’s advantage, future
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research should prioritize multivariable prediction models that integrate physiologic, anatomical, and contextual vari-
ables, alongside external validation across diverse LMIC trauma populations, to establish more robust prognostic
frameworks. Future studies incorporating age-adjusted indices and pre-hospital data are also warranted to refine its
prognostic utility across diverse trauma populations.
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