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Objective: Despite the numerous studies critiquing the Quick Sequential Organ Failure Assessment (qSOFA) score for sepsis 
prognosis in the emergency department (ED), there are limited known risk factors that can be missed by qSOFA.
Methods: This is a multicenter retrospective cohort study using ED data from Dr Sulaiman AL-Habib Medical Group Hospitals in 
Riyadh, Saudi Arabia. We assessed all suspected septic patients who came through the EDs from 1st May 2022 to 30th April 2023 
with the qSOFA < 2. Among these patients, we identify those who develop critical outcomes (the requirement for vasopressors/ 
inotropes or mortality) within 72 hours of triage. Additionally, we analyzed the potential risk factors of critical outcomes using 
a multivariable logistic regression model.
Results: We identified 1011 patients who presented with suspected sepsis and qSOFA < 2. Among them, 70 patients developed critical 
outcomes within 72 hours. In the multivariable logistic regression model, the potential risk factors for critical outcomes were age ≥65 
years (adjusted OR, 3.87 [1.25, 14.9]), lactate ≥ 2.5 mmol/L with adjusted OR 2.04 [1.16, 3.54], and shock index >1 with adjusted OR 
3.27 [1.13, 10.3]. There are no specific comorbidities that were independently associated with the critical outcomes.
Conclusion: The study identified potential risk factors for sepsis outcomes that qSOFA overlooks. Integration of risk factors (lactate, 
shock index, age) with qSOFA could enhance early sepsis recognition and improve patient outcomes. We recommend further studies to 
validate these risk factors.
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Introduction
Sepsis remains a significant global health concern, characterized by life-threatening organ dysfunction due to 
a dysregulated host response to infection. Early recognition and prompt management of sepsis are crucial for improving 
patient outcomes.1,2 The Quick Sequential Organ Failure Assessment (qSOFA) has gained prominence as an emergency 
triage tool to facilitate rapid identification of septic patients. It is a simplified tool calculated based on level of 
consciousness, blood pressure, and respiratory rate.

Numerous studies have critiqued the performance of qSOFA in emergency departments (EDs) as they found it to have 
poor sensitivity.3–6 The low sensitivity raises concerns about potentially missing high-risk patients of preventable, time- 
sensitive diseases. Therefore, the most recent update of the surviving sepsis campaign guidelines recommends against 
qSOFA as a solo screening tool for sepsis.7 Regional data suggest that qSOFA’s poor sensitivity (around 44%) in Middle 
Eastern emergency departments may result in delayed recognition of sepsis, particularly concerning given the high 
patient volumes and resource constraints in this healthcare setting.8,9 Understanding risk factors in qSOFA-negative 
patients is essential for developing region-specific improvement strategies.

However, limited research has aimed to analyze the causes of poor sensitivity and to identify the risk factors for poor 
outcomes among sepsis patients with a qSOFA score of less than 2. Addressing this problem will contribute to 
identifying areas for improvement of qSOFA and guide the development to enhance its accuracy.
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Taylor et al evaluated the performance of qSOFA in the ED for patients with varying comorbidity burdens and 
observed a linear decrease in the area under the receiver operating characteristic curve (AUROC) for qSOFA to predict 
mortality as the Charlson Comorbidity Index increased.10 This suggests that patients with multiple comorbid conditions 
may have baseline abnormalities in vital signs that reduce the discriminative power of qSOFA.

More Specific studies to target certain comorbidities raised the same concerns. In patients with liver cirrhosis, a study 
at one hospital found that qSOFA was not very advantageous in predicting adverse outcomes for patients with sepsis.11 In 
a similar way, Nishiwaki et al found that qSOFA was not optimal at predicting death in the hospital and blood infections 
in patients on hemodialysis.12 A prospective observational study at the emergency department reported qSOFA sensi
tivity around 25% to predict in-hospital mortality in immunocompromised patients.13

A single-center retrospective cohort study investigated risk factors for sepsis among emergency patients suspected of 
infection who had qSOFA scores less than 2.14 They found that age, requirement of oxygen, and certain comorbidities, 
such as diabetes mellitus, ischemic heart disease, and chronic kidney disease, were potential risk factors for sepsis, 
despite a negative qSOFA. The study concludes that the identified risk factors could assist clinicians in more efficiently 
recognizing patients at risk of developing sepsis, even among those with negative qSOFA scores, and it recommends 
conducting larger multicenter population-based studies to verify these findings.

Given these considerations, there is a clear need for further research to address the limitations of qSOFA and improve 
our ability to identify high-risk patients in the ED setting. Specifically, analyzing all risk factors of patients with qSOFA 
< 2 who develop poor outcomes could provide valuable insights for refining septic patients at risk of deterioration.

Material and Methods
This secondary analysis of previously published retrospective research, which was approved by the Institutional Review 
Board (IRB) committee at Dr Sulaiman AL-Habib Medical Group Hospitals.15 The Institutional Review Board at 
Dr Sulaiman Al-Habib Medical Group Hospitals (RC23.05.02) granted a waiver of informed consent for this retro
spective chart review because it did not require additional data or involve direct patient contact. All patient data were 
handled strictly to maintain confidentiality and the study was conducted in compliance with the principles of the 
Declaration of Helsinki. This cohort study includes all emergency patients with suspected sepsis across four branches 
of the medical group in Riyadh, Saudi Arabia (Al Rayyan, Olaya, Altakhasosi, and Al Swedi). The study excluded 
patients under 18 years of age, pregnant individuals, those with pacemakers, patients with trauma, individuals discharged 
against medical advice (DAMA), and patients who did not receive antibiotics. Our definition of suspected sepsis is that 
any patient who comes to emergency, has cultures taken from him, and receives IV antibiotics. The study period spanned 
from 1st May 2022 to 30th April 2023.

By the assistant from the Information Technology department to retrieve all the emergency patients with the study 
period who take cultures and list it with the date and time of visit, gender, age, and medical record number. From the list, 
our data collector fills out a standardized online data collection form (Google Sheets). All the data collectors were 
physicians who knew clearly the objective of the study and were trained to access the data and fill out the form. All data 
remained confidential, and no information was disclosed to third parties. The principal investigator monitored the data 
collection process to alert the collector about discrepancies or missing crucial data or to double-check extreme results.

This secondary analysis of previously published retrospective research was approved by the Institutional Review Board 
(IRB) at Dr Sulaiman Al-Habib Medical Group Hospitals.15 The IRB (RC23.05.02) granted a waiver of informed consent 
for this retrospective chart review, as it did not require additional data or direct patient contact. This cohort study includes 
all emergency patients with suspected sepsis across four branches of the medical group in Riyadh, Saudi Arabia (Al 
Rayyan, Olaya, Altakhasosi, and Al Swedi). The study excluded patients under 18 years of age, pregnant individuals, those 
with pacemakers, patients with trauma, individuals discharged against medical advice (DAMA), and patients who did not 
receive antibiotics. Our definition of suspected sepsis is that any patient who presents to the emergency department, has 
cultures taken, and receives IV antibiotics. The study period spanned from May 1, 2022, to April 30, 2023.

An assistant from the Information Technology department was tasked with retrieving all emergency patients from the 
study period who had cultures taken, along with their date and time of visit, gender, age, and medical record number. 
From this list, our data collector completed a standardized online data collection form using Google Sheets. All data 
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collectors were physicians who understood the study’s objectives and were trained to access the data and fill out the form. 
All data remained confidential, with no information disclosed to third parties. The principal investigator monitored the 
data collection process to address discrepancies, missing crucial data, and extreme results.

The following data were retrieved from the electronic registration system: demographic characteristics, triage vital 
signs, triage score according to the Canadian Triage and Acuity Scale, comorbidity, and the suspected source of infection 
from the emergency documentation. In addition, the emergency lab results of the WBC count, initial lactate, and culture 
result were obtained from the emergency orders. Initial lactate was defined as the first value measured within 1 hour of 
emergency department triage as recommended by the hospital policy. We also filled out the outcome of the patient up to 
72 hours, including ICU admission, inotrope or vasopressor requirement, and mortality.

The qSOFA score was calculated based on the emergency triage notes. If a patient has two out of the three conditions 
considered positive—namely, a Glasgow Coma Scale (GCS) < 15, a systolic blood pressure ≤ 100 mmHg, or a respiratory 
rate ≥ 22/min.—in our analysis, we include only patients with negative results, which means less than 2 points.

We selected suspected risk factors to include age, gender, certain comorbidities such as diabetes mellitus, hyperten
sion, chronic renal disease, liver cirrhosis, ischemic heart disease, heart failure, previous cerebrovascular accident, 
dementia, malignancy, lactate level, WBC count, temperature, and pCO2 level. The WBC count cutoff was 12,000/µL 
or less than 4,000/µL, and the PCO2 level was < 32 mmHg, according to Systemic Inflammatory Response Syndrome 
(SIRS) criteria. The level of lactate will be included for the study to assess risk factors ≥ 2.5 mmol/L based on the 
previous report.13 The comorbidities were identified through the electronic health record supplemented by ED physician 
documentation review or consultation forms.

The targeted critical outcome is any requirement of a vasopressor/inotrope (the requirement of any amount of 
epinephrine, norepinephrine, dopamine, dobutamine, or vasopressin) or mortality within 72 hours from the triage time.

Data were analyzed using the RStudio V.4.3.3. Descriptive statistics were performed, and results were reported as 
means, medians, and standard deviations for continuous variables, along with numbers and percentages for categorical 
data. Then, we used summary statistics to delineate the characteristics of patients presenting to the ED with suspected 
infection and qSOFA < 2 and compared each variable between patients who had a critical outcome and those who did 
not. The association between patients with/without critical outcomes and all clinical risk factors was assessed using the 
Mann–Whitney test for continuous variables and Pearson’s chi-squared test and Fisher’s exact test for categorical 
variables. We developed a multivariable logistic regression model using the following candidate risk factors: patient 
demographics (age and sex), initial triage vital signs, and certain comorbidities (hypertension, diabetes mellitus, 
malignancy, stroke, heart failure, ischemic heart disease, chronic liver disease, and chronic kidney disease). In the 
logistic regression, we divided the age group into three categories (young [18–39 years], middle-aged [40–64 years], and 
older adult patients [≥65 years]), and we dichotomized most clinical variables by applying commonly used cutoffs. All 
clinically relevant candidates for ED patients with sepsis with qSOFA < 2 were enforced as risk factors in developing the 
logistic regression model to predict the critical outcome. The Hosmer–Lemeshow goodness-of-fit test was utilized to test 
model fit, with a p-value greater than 0.05 indicating good fit. Missing data were not imputed. A p-value < 0.05 was 
considered statistically significant.

Result
We identified 1274 adult suspected sepsis patients; 79% of them (n=1011) presented with qSOFA < 2 in the ED during 
the study period. The median (IQR) age was 72 (59–81) years, and 581 (57%) were male. The most common source of 
infection was respiratory tract infection in 416 cases (41%), followed by urinary tract infection in 257 cases (25%). At 
ED, 71% (n = 718) were classified as having a ≥3 triage level; 7.4% had a systolic blood pressure <= 100; and 14% had 
a respiratory rate ≥ 22. At the end of the follow-up, 43% (n=439) received an ICU admission, 6.9% (n=70) needed 
vasopressors, and 0.5% (n=5) passed away. Table 1 presents the characteristics of all patients with qSOFA < 2, 
comparing those who developed critical outcomes to those who did not.

Table 2 shows that hypertension (637 patients, 63%) and diabetes (612 patients, 61%) accounted for more than half of 
the participants’ diagnoses. Patients with qSOFA < 2 who developed critical outcomes (vasopressor use or mortality) 
were likely to be older and triaged as level 1–2 compared to those who did not develop critical outcomes. As for vital 
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Table 1 Characteristics of All Patients with qSOFA<2 Who Did or Did Not Develop Critical Outcomes

Characteristic Overall  
N = 1,011

With Critical Outcome  
N = 70

Without Critical Outcome  
N = 941

p-value†

Age (years)* 72 (59, 81) 73 (57, 84) 72 (59, 81) 0.3

Age Group^ 0.3

18 - 39 112 (11%) 4 (5.7%) 108 (11%)

40 - 65 247 (24%) 19 (27%) 228 (24%)

>65 652 (64%) 47 (67%) 605 (64%)

Gender^ 0.3

Male 581 (57%) 36 (51%) 545 (58%)

Female 430 (43%) 34 (49%) 396 (42%)

WBC count (10^9/L)* 10.5 (7.3, 14.6) 10.9 (6.5, 15.9) 10.5 (7.3, 14.6) >0.9

WBC.<4 and>12 (10^9/L)^ 0.4

Yes 438 (44%) 34 (49%) 404 (43%)

No 564 (56%) 36 (51%) 528 (57%)

Triage^ <0.001

1-2 293 (29%) 46 (66%) 247 (26%)

≥3 718 (71%) 24 (34%) 694 (74%)

Temperature (contentious) (°C)* 37.50 (36.90, 38.50) 37.35 (36.80, 38.30) 37.60 (36.90, 38.50) 0.4

Temperature >38 (°C)^ 0.5

Yes 370 (37%) 23 (33%) 347 (37%)

No 640 (63%) 47 (67%) 593 (63%)

Oxygen saturation %* 97.0 (94.0, 98.0) 96.0 (91.0, 98.0) 97.0 (94.0, 98.0) 0.043

Saturation <94%^ 0.069

Yes 227 (23%) 22 (31%) 205 (22%)

No 775 (77%) 48 (69%) 727 (78%)

Systolic blood pressure (mmHg)* 125 (111, 142) 109 (99, 123) 125 (112, 143) <0.001

Heart rate (BPM)* 89 (79, 104) 88 (76, 109) 89 (80, 103) 0.9

Heart rate >90 BPM 0.7

Yes 452 (45%) 33 (47%) 419 (45%)

No 559 (55%) 37 (53%) 522 (55%)

Shock index* 0.71 (0.60, 0.85) 0.81 (0.67, 1.06) 0.71 (0.60, 0.84) <0.001

Modified shock index* 1.01 (0.87, 1.20) 1.14 (0.94, 1.47) 1.00 (0.87, 1.18) <0.001

Lactate (contentious) mmol/L* 1.70 (1.20, 2.40) 2.10 (1.60, 3.40) 1.60 (1.20, 2.40) <0.001

(Continued)
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signs, patients who developed critical outcomes tended to have lower oxygen saturation (96% vs 97%), lower systolic 
blood pressure (109 vs 125), higher MSI (1.14 vs 1.00), higher shock index (0.81 vs 0.71), and higher initial lactate (1.70 
vs 2.10). In addition, epilepsy patients with qSOFA < 2 were more likely to develop critical outcomes (5.7% vs 1.2%) 
compared to patients who did not.

We constructed a multivariable logistic regression model, adjusting for gender, age, vital signs, and comorbidities to 
assess the potential risk factors for critical outcomes among patients with qSOFA < 2. Table 3 revealed that older people 
compared to younger people were more likely to develop critical outcomes, with an adjusted OR of 3.78 [95% CI: 
1.24–14.4] for the age group 40–65 years old and 3.87 [95% CI: 1.25–14.9] for the age group older than 65 years old. 
Patients who developed critical outcomes were more likely to be in level 1–2 triage OR 5.2 [95% CI: 2.93–9.45] and had 
a higher lactate ≥ 2.5 mmol/L with adjusted OR 2.04 [95% CI: 1.16–3.54] and a higher shock index with adjusted OR 
3.27 [95% CI: 1.13–10.3]. None of the comorbidities remained significant in the model (see Table 2). The pseudo- 
R-squared indicates that about 18% of the variability in the critical outcome is explained by the included variables, 
compared to the null model. The Hosmer–Lemeshow statistic is 0.8, indicating a good fit of the model. As well, the 
sensitivity analysis of the logistic regression model with clinical candidate factors but excluding comorbidities showed 
results that were consistent with the primary analysis.

Table 1 (Continued). 

Characteristic Overall  
N = 1,011

With Critical Outcome  
N = 70

Without Critical Outcome  
N = 941

p-value†

Lactate≥2.5 mmol/L^ <0.001

Yes 243 (24%) 29 (41%) 214 (23%)

No 768 (76%) 41 (59%) 727 (77%)

Notes: *Median (Q1, Q3); ^: n (%); † mann–Whitney test; Pearson’s Chi-squared test; Fisher’s exact test.

Table 2 Comorbidity of All Suspected Septic Patient with qSOFA<2

Comorbidity 
N (%)

Overall With Critical  
Outcome

Without Critical  
Outcome

p-value†

Diabetes mellitus 612 (61%) 36 (51%) 576 (61%) 0.11

Hypertension 637 (63%) 39 (56%) 598 (64%) 0.2

Chronic Heart Failure 164 (16%) 16 (23%) 148 (16%) 0.12

Chronic Renal Failure 162 (16%) 14 (20%) 148 (16%) 0.3

Asthma or COPD 27 (2.7%) 4 (5.7%) 23 (2.4%) 0.11

Cerebrovascular disease 202 (20%) 12 (17%) 190 (20%) 0.5

Medically free 120 (12%) 4 (5.7%) 116 (12%) 0.1

Oncology 108 (11%) 5 (7.1%) 103 (11%) 0.3

Liver Cirrhosis 36 (3.6%) 3 (4.3%) 33 (3.5%) 0.7

Epilepsy 15 (1.5%) 4 (5.7%) 11 (1.2%) 0.016

Dementia 7 (0.7%) 0 (0%) 7 (0.7%) >0.9

Notes: †: Pearson’s Chi-squared test; Fisher’s exact test.
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Discussion
In this multicenter retrospective study, we identify 1274 adult patients with suspected sepsis; 79% of them (n=1011) had 
qSOFA < 2 in the ED triage. Among them, the potential risk factors are age, lactate, and shock index.

Considering vital signs as the cornerstone of ED triage, we did not identify heart rate to be a risk factor for critical 
outcomes, either as a continuous variable or when it was ≥90, which is the cutoff value for SIRS. The heart rate may rise from 
variable causes, including pain or fever or any discomfort that activates the sympathetic system. On the other hand, many 
cardiac medications can blunt the tachycardic sepsis response. This finding confirms that correlating heart rate to blood 
pressure is more valuable.16,17 Remarkably, the Shock Index (SI) was associated with critical outcomes, showing an adjusted 

Table 3 Risk Factors of Critical Outcome with Patients <2 qSOFA Score (Binary 
Variables)

Characteristic Adjusted OR, 95% CI [LL, UL] p-value

Gender Female 1.3 [0.75, 2.24] 0.3

Age Group.3c
18 – 39 (reference) —
40 - 65 3.79 [1.24, 14.4] 0.03

>65 3.87 [1.25, 14.9] 0.029

Triage <0.001
≥3 —

1-2 5.2 [2.93, 9.45]
Temperature>38 (°C) 0.2

No —

Yes 0.7 [0.38, 1.26]
Lactate ≥2.5 mmol/L 0.012

No —

Yes 2.04 [1.16, 3.54]
WBC <4 and>12 (10^9/L) 0.3

No —

Yes 0.76 [0.43, 1.32]
Pco2 level in initial VBG <32 mmHg, 0.8

No —

Yes 1.08 [0.53, 2.06]
Saturation <94% >0.9

No —

Yes 1.01 [0.55, 1.81]
Shock index >1 0.035

No —

Yes 3.27 [1.13, 10.3]
Modified shock index 0.6

No —

Yes 0.78 [0.30, 2.34]
Diabetes mellitus 0.6 [0.32, 1.13] 0.11

Hypertension 0.66 [0.35, 1.26] 0.2

Chronic Heart Failure 1.4 [0.69, 2.71] 0.3
Chronic Renal Failure 1.55 [0.74, 3.08] 0.2

Asthma 2.27 [0.53, 7.56] 0.2

Cerebrovascular disease 0.7 [0.32, 1.41] 0.3
Oncology 0.45 [0.14, 1.16] 0.13

Liver Cirrhosis 0.72 [0.16, 2.39] 0.6

Epilepsy 2.89 [0.62, 11.4] 0.15

Abbreviations: OR, Odds Ratio; CI, Confidence Interval.
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Odds Ratio (OR) of 3.27. Two cohort studies incorporate shock indexes into the qSOFA and reveal promising results.18,19 

Other vital signs, such as temperature and oxygen saturation, were not linked with the critical outcome independently.
Reports indicate that age marginally improves the qSOFA accuracy in predicting sepsis mortality.20,21 Clinically, this 

was an expected finding, as age is associated with worse sepsis outcomes.22 Our findings revealed that the adjusted odds 
ratio (OR) for predicting critical outcomes is 3.79 for individuals aged 40–64, while those aged 65 and older had an OR 
of 3.87. A previous study from Japan reported an odds ratio of 1.9 for predicting sepsis diagnosis among ED patients 
aged 40–64 and 2.8 for those aged 65 and older, who were suspected of infection with qSOFA < 2.14 Age is a simple and 
valuable parameter that can be easily incorporated into qSOFA in a triage or pre-hospital setting.

Lactate is a well-known risk factor for worse sepsis outcomes. Multiple studies recommend the incorporation of 
lactate to qSOFA.15,23–25 We found the adjusted odds ratio for lactate ≥ 2.5 mmol/L to be 2.04. Regarding the 
incorporation of lab results, we also found lactate more valuable than WBC in predicting critical outcomes. Therefore, 
we concur with the sepsis guidelines to utilize lactate as an adjunct sepsis test.

Remarkably, there was no specific comorbidity linked to a critical outcome independently. Therefore, we did find that 
adding a specific comorbidity disease can improve the qSOFA prognostic accuracy. The lack of significance of 
comorbidity might be due to poor documentation of retrospective data. Epilepsy might be an indicator for critical 
outcome at the univariate level; however, epilepsy lost its significance in multivariable analysis, which indicates that 
other variables like age, lactate, and shock index ended up with higher value in the overall effect for critical outcome. 
This might be also explained by the limited cases of epilepsy in our cohort (1.5% for the whole cohort).

Shibata et al (2021) conducted a single-center cohort study that investigated risk factors for sepsis among emergency 
patients suspected of infection who had negative qSOFA.14 They found diabetes mellitus, ischemic heart disease, and 
chronic kidney disease were potential risk factors for sepsis. This contradicts our finding, which could be attributed to the 
different population and targeted outcome in which they aimed to detect sepsis diagnosis, while we aim to prognosticate 
it with the critical outcomes. However, we recommend further studies in this area.

The current study revealed potential risk factors for sepsis outcomes that the qSOFA overlooked. The findings from 
the study provide critical insights into the limitations of the qSOFA score as a standalone triage tool for sepsis and 
highlight actionable strategies to improve the qSOFA detection by incorporating these risk factors. Future research should 
prioritize prospective, multicenter cohorts to validate these risk factors across diverse healthcare settings. Additionally, 
machine learning models incorporating the lactate, SI, MSI, and age could optimize predictive accuracy while minimiz
ing reliance on subjective assessments. Practical implementation challenges include lactate turnaround times (typically 
15–30 minutes) and training requirements for shock index calculation, though electronic health record integration could 
facilitate real-time risk stratification.

This study has several limitations that should be considered when interpreting the findings. First, its retrospective 
design introduces the potential for bias of many factors, especially related to the ED management. Second, the study took 
place within a single private healthcare group in Riyadh, Saudi Arabia, potentially compromising its generalizability. 
Third, the reliance on the ED electronic health records for data extraction may have resulted in incomplete or inaccurate 
documentation of clinical variables, such as comorbidity. Fourth, the definition of suspected sepsis was based on the 
administration of IV antibiotics and the collection of cultures, which may not capture all true cases of sepsis or may 
include patients treated empirically without confirmed infection. The discrepancies in defining sepsis patients are 
common among ED studies, along with targeted endpoints. Finally, unmeasured confounding variables, such as varia
tions in ED management or provider experience, could have influenced patient outcomes but were not accounted for in 
the analysis.

Conclusion
The current study exposed the potential risk factors of sepsis critical outcomes that were missed by the qSOFA and 
highlighted actionable strategies to improve the qSOFA detection by incorporating these risk factors. Further prognostic 
studies are recommended to validate these risk factors across diverse healthcare settings.
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Abbreviations
qSOFA, Quick Sequential Organ Failure Assessment; ED, Emergency Department; ICU, Intensive Care Unit; OR, Odds 
Ratio); CI, Confidence Interval),; SI, Shock Index) and MSI, Modified Shock Index; WBC, White Blood Cell; DAMA, 
Discharged Against Medical Advice; SIRS, Systemic Inflammatory Response Syndrome; SPSS, Statistical Package for 
the Social Sciences.
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