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Objectives: \We performed a meta-analysis to assess whether the
newly introduced quick Sequential Organ Failure Assessment score
could predict sepsis outcomes and compared its performance to sys-
tematic inflammatory response syndrome, the previously widely used
screening criteria for sepsis.

Data Sources: We searched multiple electronic databases includ-
ing MEDLINE, the Cochrane Library, Embase, Web of Science,
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and Google Scholar (up to March 1, 2019) that evaluated quick
Sequential Organ Failure Assessment score, systemic inflammatory
response syndrome, or both (International Prospective Register of
Systematic Reviews [PROSPERO]: CRD42018103327).

Study Selection: Studies were included if the outcome was mortal-
ity, organ dysfunction, admission to ICU, ventilatory support, or pro-
longed ICU stay and if prediction performance was reported as either
area under the curve, odds ratio, sensitivity, or specificity.

Data Extraction: The criterion validity of the quick Sequential Organ
Failure Assessment score and systemic inflammatory response syn-
drome criteria were assessed by measuring its predictive validity for
primary (mortality) and secondary outcomes in pooled metrics as
mentioned. The data were analyzed using random effects model, and
heterogeneity was explored using prespecified subgroups analyses.
Data Synthesis: \We screened 1,340 studies, of which 121 studies
(including data for 1,716,017 individuals) were analyzed. For mortal-
ity prediction, the pooled area under the curve was higher for quick
Sequential Organ Failure Assessment score (0.702; 95% ClI, 0.685—
0.718; P = 99.41%; p < 0.001) than for systemic inflammatory
response syndrome (0.607; 95% CI, 0.589-0.624; > = 96.49%;
p < 0.001). Quick Sequential Organ Failure Assessment score
consistently outperformed systemic inflammatory response syn-
drome across all subgroup analyses (area under the curve of quick
Sequential Organ Failure Assessment vs. area under the curve of
systemic inflammatory response syndrome p < 0.001), including
patient populations (emergency department vs ICU), study design
(retrospective vs prospective), and countries (developed vs resource-
limited). Quick Sequential Organ Failure Assessment score was
more specific (specificity, 74.58%; 95% CI, 73.55-75.61%) than
systemic inflammatory response syndrome (specificity, 35.24%; 95%
Cl, 22.80-47.69%) but less sensitive (56.39%; 95% CI, 50.52—
62.27%) than systemic inflammatory response syndrome (78.84%;
95% Cl, 74.48-83.19%).
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Conclusions: Overall, quick Sequential Organ Failure Assessment
score outperforms systemic inflammatory response syndrome in
predicting sepsis outcome, but quick Sequential Organ Failure
Assessment score has relative strengths/weaknesses (more specific
but less sensitive) compared with systemic inflammatory response
syndrome.

Key Words: meta-analysis; mortality; quick Sequential Organ Failure
Assessment; sepsis; systemic inflammatory response syndrome

It has superseded tuberculosis (1.29 million deaths) and HIV

(1.3 million deaths) as an important cause of global disease
burden (1). An effective strategy to prevent sepsis-related deaths is
early recognition (2). However, early recognition of sepsis is difficult
because its clinical manifestations are often nonspecific. Measuring
biomarkers of host response may help, but this is not feasible in most
healthcare settings, especially in low- or middle-income countries
where access to laboratory facilities is either nonexistent or very lim-
ited. Because 87% of the world’s population lives in low- and middle-
income countries, the development of a fast, reliable, and affordable
method for early recognition of sepsis will have a significant effect on
resource allocation and global health outcomes.

Quick Sequential Organ Failure Assessment (qSOFA) is a low-
cost, 2-minute bedside clinical tool recently introduced to facilitate
early recognition of sepsis (3). The gSOFA score is marked by its
extraordinary simplicity (measuring only blood pressure, respiratory
rate, and mental state) and its utility in any health setting (includ-
ing resource-poor countries). Earlier studies indicated that gSOFA
could aid early recognition of sepsis; an abnormal gSOFA score (ful-
filment of two or more criteria) predicted poor outcomes in patients
with suspected sepsis (3, 4). However, recent studies have challenged
this finding, with some studies showing that gSOFA accuracy was no
better than systemic inflammatory response syndrome (SIRS) crite-
ria (5-7), the widely used screening criteria for sepsis (8, 9). A num-
ber of recent meta-analyses had compared qSOFA and SIRS in their
relative performance; however, these meta-analyses selected only a
small number of all available studies (10-16). Currently, no meta-
analyses assessed all available evidence published to date.

In this study, we performed a meta-analysis of published stud-
ies on qSOFA in order to evaluate its ability to predict sepsis out-
comes (e.g., mortality) and to compare its performance to that of
SIRS criteria.

Sepsis causes an estimated 6 million deaths worldwide annually.

METHODS

Overview

This study was performed using a prospectively developed pro-
tocol, which prescribed the search strategy, study eligibility cri-
teria, and the methods of data extraction and analysis. The study
protocol was registered with International Prospective Register of
Systematic Reviews (PROSPERO) (CRD42018103327; an updated
search and analysis using the same protocol were performed on
March 1, 2019). The reporting of findings followed the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) guidelines (see attached PRISMA checklist) (17). The
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qSOFA score is defined by the Third International Consensus
Definition for Sepsis and Septic Shock (Sepsis-3) Task Force and
consists of three criteria: systolic blood pressure less than or equal
to 100 mm Hg, respiratory rate greater than or equal to 22 breaths/
min, and altered mental state (decrease in Glasgow Coma Scale >
1 point from patient’s normal baseline) (3). The SIRS criteria are
defined as respiratory rate greater than 20 breaths/min, or serum
partial pressure of carbon dioxide less than 32 mm Hg, body tem-
perature greater than 38°C or less than 36°C, heart rate greater
than 90 beats/min, or altered white cell counts (> 12,000/mm? or <
4,000/mm?’ or > 10% bands) (8). For both qSOFA and SIRS, fulfil-
ment of two or more criteria in each score is used as a threshold to
indicate an increased risk of an adverse outcome (e.g., death), in
accordance with international consensus definitions (3, 8).

Search Strategy and Selection Criteria

We searched relevant publications between February 23, 2016 (the
first publication of the qSOFA score), and March 1, 2019, using
electronic database, including MEDLINE, the Cochrane Library,
Embase, Web of Science, and Google Scholar. The search strategy
used the following MeSH terms: 1) “quick Sequential Organ Failure
Assessment” or “QSOFA”; 2) “sepsis-3” or “sepsis” or “infection”; 3)
“systemic inflammatory response syndrome” or “SIRS”; 4) “mor-
tality” or “death”; and 5) “non-ICU” or “emergency department”
or “ICU” The reference lists of each primary study were also hand-
searched for additional publications. Further searches were done
by manually reviewing abstract booklets, conference proceedings,
and review articles. No language restriction was used, and foreign
language publications were translated.

Study Eligibility and Quality Assessment

We included all studies that met the following criteria: contained
data of, at least, qSOFA or SIRS; enrolled patients presenting to
emergency departments (EDs), hospitals, ICUs, or other health-
care settings (e.g., prehospital); included patients 18 years old or
older; used accepted definitions of SIRS and sepsis (described
above), and reported outcomes such as mortality, organ dys-
function, admission to ICU, ventilatory support, or prolonged
ICU stay. Studies were excluded if they were duplicated studies.
We assessed the quality of each included study using the Quality
Assessment of Diagnostic Accuracy Studies (18), in accordance
with guidelines by the Cochrane Collaboration (19).

Methodologic Framework

We adopted a methodologic framework similar to that developed
by the original authors of the qSOFA score (3, 20). In this meth-
odologic framework, the criterion validity of the gSOFA score was
assessed by measuring its predictive validity with outcomes. In the
original qSOFA study, the primary outcome was hospital mortality
and the secondary outcome was a composite outcome consisting of
hospital mortality or ICU stay more than 3 days (3). Since the pub-
lication of the original qgSOFA study, other primary outcomes (e.g.,
28-d mortality) and secondary outcomes (e.g., organ dysfunction)
have been reported in the literature. We have, therefore, in this
meta-analysis, extended the primary outcome definition to include
other measures of mortality and the secondary outcome definition
to include organ dysfunction, ICU admission, prolonged ICU stay,
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or ventilatory support. To measure criterion validity, area under
the curve (AUC) of the receiver operator characteristic (AUROC)
curves and odds ratio (OR) of the logistic regression model were
used, as in the original gSOFA study (3). Because sensitivity and
specificity have also been reported widely in the literature, these
two metrics were also included in the current analysis.

Statistical Analysis

Summary estimates were presented, with 95% ClIs, as pooled AUC/
OR and pooled sensitivity/specificity. A p value of less than 0.05
was deemed statistically significant. Meta-analysis of included
studies was performed using established methods, with pooled
analysis of AUC using methods by Zhou et al (for calculating the
weighted summary AUROC under the random effects model)
and pooled analysis of OR using methods by Mantel-Haenszel
(for calculating the weighted pooled OR) and DerSimonian and
Laird (for calculating the summary OR under the random effects
model). Because a high level of heterogeneity was expected, we
performed all analyses using random effects models and we quan-
tified, in each analysis, the variability due to heterogeneity by
using I statistic. We further explored potential sources of hetero-
geneity by performing subgroup analyses. All subgroup variables
were predefined prior to the analysis; they included study design
(prospective vs retrospective), geography (resource-limited vs
developed countries), population (ED vs ICU), and quality of
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the study (high vs low). In subgroup analysis, in order to correct
for multiple comparisons across subgroups, a higher stringency
level (p < 0.005) was adopted to determine statistical significance.
Additional analyses were performed to assess the consistency and
robustness of the meta-analysis findings. In the influence analysis,
this was done by removing/adding one study at a time to assess
individual study’s effect on the pooled estimates. In the accumula-
tive analysis, the studies were sequentially pooled, starting with
the earliest studies with each successive analysis summarizing all
the studies in the preceding years, thereby allowing the tracking of
the pooled estimates over time. All statistical analyses were per-
formed using Comprehensive Meta-Analysis and MedCalc.

RESULTS

Our search strategy identified 1,340 records, of which 143 eligi-
ble studies met the inclusion criteria. Of these studies, 22 stud-
ies were excluded due to duplication or missing data (Fig. 1).
A total of 121 studies were included in the final analysis, which
included 1,716,017 individuals (for a full list of included studies,
see Supplementary File 1, Supplemental Digital Content 1, http://
links.lww.com/CCX/A94).

The included studies were drawn from a broad range of clini-
cal settings (Table 1), including ED, ICU, general wards, and
prehospital setting. The patient populations were heterogenous,
including patients with different infections (e.g., pneumonia and

urinary tract infection) and comorbidities

143 potentially eligible studies identified:
125 by database search
18 by manual search

103 full texts

40 conference abstracts

(e.g., malignancy, cirrhosis, and hemodial-
ysis). The primary outcome was reported in
most studies as hospital mortality (67%) or
28- or 30-day mortality (35%). Secondary
outcomes were reported in 47 out of the
121 studies (Table 1). Most studies had data
available for both qSOFA and SIRS (n = 68),

outcome

12 excluded:
[ not measured primary/ composite

but some reported only qSOFA (n = 52) or
SIRS (n = 1) (Fig. 1). In addition, subgroup
analyses were also performed in both pri-

131 identified for screening

mary (Table 3) and secondary outcomes
(Supplementary File 2, Supplemental
Digital Content 2, http://links.lww.com/
CCX/A95) to test the consistency of gSSOFA
and SIRS performance.

For both primary and secondary out-

10 excluded for:
— 5 adequate data not provided
5 repeated data

comes, the pooled AUROC curves showed
that gSOFA outperformed SIRS (Fig. 2 and
Table 2). For primary outcome, the pooled

121 reviewed in-depth

AUC for qSOFA (0.702; 95% CI, 0.685-
0.718; P = 99.41%; p < 0.001) was higher
than that for SIRS (0.607; 95% CI, 0.589-
0.624; I = 96.49%; p < 0.001). The AUC
difference between qSOFA and SIRS was

l

l statistically significant (AUC .. 0.702 vs

1 includes only SIRS 52 include only gSOFA

68 include both
gSOFA and SIRS

AUC, .. 0.607; p < 0.0001). For secondary

SIRS
outcomes, a statistically significant differ-

ence was also noted, which showed qSOFA

Figure 1. Study flow chart. gSOFA = quick Sequential Organ Failure Assessment, SIRS = systemic

inflammatory response syndrome.

Critical Care Explorations

outperformed SIRS (Table 2). In addition to
AUC, OR revealed a similar trend (Table 2).
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TABLE 1. Characteristics of Included Studies TABLE 1. (Continued). Characteristics of
Characteristic Studies Patients Included Studies
Total 191 1716017 Characteristic Studies Patients
Study design Prediction score
Prospective 41 88,071 Both SIRS and gSOFA 68 1,561,080
Retrospective 80 1,627946 qSOFA only 52 146,213
Eapulkien SIRS only 1 8724
ED 67 1,333,875 Inclusion criteria
Any patient (including ED and ICU) 28 176,309 Fever 1 519
ICU 13 203,479 Infection 66 604,570
Prehospital 6 1,174 Sepsis-2 23 169,539
Non-ICU 5 960 Sepsis-3 7 2,162
Outpatient 1 200 Either Sepsis-2 or 3 20 937,431
Case-mix Positive blood culture 4 1,806
. . ED = emergency department, qSOFA = quick Sequential Organ Failure
Infection/sepsis 11 1,688,827 Assessment, SIRS = systemic inflammatory response syndrome.
Respiratory tract infection 9 20,748
Urinary tract infection 1 141 For both primary and secondary outcomes, pooled OR showed
Setting that qSOFA strongly associated with sepsis outcomes, whereas
Developed countries 105 1697497 SIRS did not show a statistically significant association with sepsis
o . outcomes. For example, an individual with an increased qSOFA
Resource-limited countries 16 18,520 score (fulfilment of two or more criteria) was 3.205 times more
Baseline condition/comorbidity likely to die of sepsis or 3.410 times more likely to experience sec-
Unspecified 110 1710980 ondary outcomes (e.g., organ dysfunction and ICU admission).
There was no statistically significant association between SIRS
Elderly 3 2,043 and the primary outcome (OR, 1.163; 95% CI, 0.897-1.508) or
Malignancy 4 981 between SIRS and the secondary outcome (OR, 0.796; 95% CI,
Cirrhosis 9 1,697 0315—2011)
o Subgroup analyses confirmed that gSOFA outperformed SIRS
On hemodialysis 1 220 across different settings and patient populations (Table 3). The dif-

Hematology cases 1 96 ference between qSOFA and SIRS remained the same irrespective
of study design (prospective vs retrospective), patient populations

Outcome measures
(ED vs ICU), countries (developed vs resource-limited), or study

Hospital mortality 81 1,422,358 quality (all studies vs low-quality studies excluded) (Table 3). In
28- or 30-d mortality 49 294,969 these analyses, an adjusted statistical significance level (p < 0.005)
. was used to correct for multiple comparisons. Despite an increased
Barly mortality (2=7 d) 3 T34 stringency level, the differenie beth;en qSOFA aIIid SIRS was sta-
Late mortality (2-6 mo) 3 2,243 tistically significant in most subgroups, except in one subgroup,
Any mortality 1 37 namely, the ICU studies (Table 3).
o For primary outcome, qSOFA showed a lower sensitivit
ICU admission 27 63535 (56.39%1)) but a};ligher specif?city (78.84%), whereas SIRS showe?if
Ventilatory support 3 33,705 a higher sensitivity (74.58%) but a lower specificity (35.24%)
Prolonged ICU stay 14 9992167 (Table 2). For secondary outcome, a similar trend was observed;
, the gSOFA showed a lower sensitivity (54.86%) but a higher speci-
Organ dysfunction 4 16,634

ficity (74.22%), whereas SIRS showed a higher sensitivity (73.02%)
30-d readmission 1 316 but a lower specificity (39.64%). Thus, in predicting both primary
and secondary outcomes, QSOFA was more specific, whereas SIRS

was more sensitive.
As expected, the included studies were highly heterogenous,
Conference abstracts 28 142,988 with I over 85% (indicating high heterogeneity) in most analy-
(Continued)  ses. An extensive search for the source of heterogeneity across

Publications type
Full-text articles 93 1,573,029
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TABLE 2. Summary of Pooled Estimates of Quick Sequential Organ Failure Assessment and
Systemic Inflammatory Response Syndrome for Primary and Secondary Outcomes

Quick Sequential Organ Failure Assessment

Systemic Inflammatory Response Syndrome

Pooled Estimate Studies Patients Pooled Estimate Studies Patients
Mortality
AUC 0.702 (0.685-0.718) 81 1,487113 0.607 (0.589-0.624) 47 1,397673 < 0.0001
OR 3.205 (2.691-3.816) 34 162,372 1.163 (0.897-1.508) 10 145,010 0.0246
Sensitivity (%) 56.39 (650.52-62.27) 64 267,099 78.84 (74.48-83.19) 33 179,264  <0.0001
Specificity (%) 74.68 (73.65-75.61) 62 265,826 36.24 (22.80-47.69) 31 178,368 < 0.0001
Secondary outcomes®
AUC 0.701 (0.674-0.728) 33 295,299 0.634 (0.608-0.660) 18 236,031 0.0005
OR 3.410 (2.447-4.752) 14 27678 0.796 (0.315-2.011) 3,798 0.0658
Sensitivity (%) 54.86 (47.62-62.09) 13 103,024 74.22 (63.41-85.02) 9 14,5632 0.0048
Specificity (%) 73.02 (69.46-76.58) 12 102,138 39.64 (28.29-50.99) 8 13,646 0.0048

AUC = area under the curve, OR = odds ratio.

2p values are calculated by comparing the pooled estimates between quick Sequential Organ Failure Assessment and systemic inflammatory response syndrome.
"Secondary outcome is a composite outcome including organ dysfunction, ICU admission, ventilatory support, prolonged ICU stay, or 30-d readmission.

predefined subgroups was performed. In this analysis, pooled
AUCs were compared across prospective and retrospective
studies, ED patients and ICU patients, developed countries and
resource-limited countries, and between all studies and low-qual-
ity studies excluded. This analysis did not identify any obvious
source of heterogeneity in either primary outcome or secondary
outcomes (Supplementary File 3, Supplemental Digital Content
3, http://links.Iww.com/CCX/A96; and Supplementary File 4,
Supplemental Digital Content 4, http://links.lww.com/CCX/A97).

Sensitivity analysis was performed to examine the robustness
of the findings of the meta-analysis. Because the primary outcome
was reported as hospital mortality (67%) or 28- or 30-day mortal-
ity (35%), we analyzed separately the studies with hospital mortal-
ity and 28- or 30-day mortality (Table 3). This analysis showed
that the pooled estimates were likely similar among the hospital
mortality (AUC .., 0.704; 95% CI, 0.683-0.725), 28- or 30-day
mortality (AUCqSOF » 0.694; 95% CI, 0.669-0.720), and all mortal-
ity (AUCqSOFA, 0.702; 95% CI, 0.685-0.718). Because a small num-
ber of studies did not fully meet the quality assessment criteria
(Supplementary File 5, Supplemental Digital Content 5, http://
links.Iww.com/CCX/A98), we repeated the analysis after exclud-
ing these studies. The findings of the repeated analysis did not dif-
fer significantly from the original findings (Table 3).

Two additional analyses were performed to assess the effect of
potential bias on our findings. First, an influence analysis was per-
formed on both SIRS and qSOFA, across all metrics (AUC, OR,
sensitivity, and specificity) and in both primary and secondary
outcomes. This analysis showed that no individual study exerted
a dominant effect on the pooled estimates (Supplementary File 6,
Supplemental Digital Content 6, http://links.Iww.com/CCX/A99;
legend: influence meta-analysis on AUC [qSOFA for mortality
prediction]). Second, a cumulative analysis was performed across
the same parameters (AUC, OR, sensitivity, and specificity) and in

SOFA’

Critical Care Explorations

both primary and secondary outcomes. It showed that the evidence
was consistent over time, with the pooled estimates and their CIs
stabilized as evidence accumulated over time. Importantly, the pool
estimates remained unchanged even as more studies were added
(Supplementary File 7, Supplemental Digital Content 7, http://
links.lww.com/CCX/A100; legend: cumulative meta-analysis on
AUC [qSOFA for mortality prediction]), suggesting that adding
more studies is unlikely to change the existing body of evidence.

Finally, we compared our meta-analysis to other recently
published meta-analyses (Supplementary File 8, Supplemental
Digital Content 8, http://links.Iww.com/CCX/A101). In terms
of sensitivity and specificity, these meta-analyses showed similar
findings to our findings (qSOFA is more specific, whereas SIRS
is more sensitive). However, these meta-analyses did not perform
analysis on AUC or OR, with the exception of one study by Song et
al (11), which had a limited analysis on AUC and was performed
on a smaller sample size including 23 studies (n = 146,551).
Overall, these meta-analyses did not conclusively show whether
qSOFA outperforms SIRS. On July 1, 2019, we updated our litera-
ture search and identified four additional studies that performed
a head-to-head comparison of gSOFA versus SIRS. All four stud-
ies showed qSOFA outperforms SIRS (Supplementary File 9,
Supplemental Digital Content 9, http://links.Iww.com/CCX/
A102), which is consistent with our original finding.

DISCUSSION

Sepsis is characterized by life-threatening organ dysfunction trig-
gered by infection. It induces a myriad of host response patterns,
resulting in highly varied clinical courses/manifestations in dif-
ferent patients. This vast heterogeneity makes it challenging to
develop a prognostic tool that can reliably forecast disease pro-
gression for each and every sepsis patient. The recently introduced
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TABLE 3. Subgroup Analysis of Quick Sequential Organ Failure Assessment and Systemic

Assessment
AUC
Subgroup (95% CI) Studies
Mortality
Study design
Prospective 0.720 (0.685-0.754) 23
Retrospective 0.693 (0.676-0.710) 58
Populations

0.709 (0.687-0.731) 41
0.667 (0.618-0.716) 11

Emergency department
ICU
Setting
0.693 (0.678-0.709) 67
0.740 (0.687-0.793) 14

Developed countries
Resource-limited countries

Study quality

All studies® 0.710 (0.692-0.798) 63

Low-quality studies excluded 0.703 (0.680-0.726) 38
Types of mortality

Hospital mortality 0.704 (0.683-0.725) 55

28- or 30-d mortality 0.694 (0.669-0.720) 29
Publication type

Full text 0.710 (0.692-0.728) 63

Conference abstract 0.666 (0.634-0.697) 18

Inflammatory Response Syndrome For Primary Outcome?

Quick Sequential Organ Failure

Systemic Inflammatory Response
Syndrome

AUC
(95% CI)

Patients Studies Patients

54,705 0.695 (0.665-0.626) 12 43,009 < 0.0001
1,432,408 0.611 (0.5689-0.632) 35 1,364,664 < 0.0001
1,112,604 0.606 (0.5682-0.631) 23 1,090,031 < 0.0001

210,109 0.597 (0.5756-0.620) 10 209,445  0.0107
1,469,198 0.610(0.690-0.630) 39 1,382,807 < 0.0001

17915 0.577 (0.56567-0.598) 8 14,866 < 0.0001
1,393916 0.613(0.691-0.634) 35 1,413,941 <0.0001
1,320,991 0.620 (0.5693-0.646) 27 1,302,987 < 0.0001
1,386,317 0.611 (0.5689-0.633) 34 1,314,339 < 0.0001

108,122 0.5692 (0.662-0.621) 15 90,467 < 0.0001
1,389,574 0.613 (0.591-0.634) 36 1,344,826 < 0.0001
92,960 0.586 (0.5568-0.615) 12 52,847  0.0002

AUC = area under the curve.

This analysis was performed on AUC of mortality prediction because it was reported in the majority of studies.

bp values are calculated by comparing the summary estimates between quick Sequential Organ Failure Assessment and systemic inflammatory response syndrome.

p < 0.005 is used as an adjusted level for statistical significance to correct for multiple comparisons across subgroups.

°Adequate data were available for quality assessment to be performed in 93 of the 121 studies. The remaining 28 studies were in abstract format, which did not contain
enough data for quality assessment. Of these 93 studies in which quality assessment was performed, 63 studies (shown in this table) reported AUC for mortality
prediction. Thus, the quality assessment presented in this table is limited to the 63 studies in which sufficient data were available.

qSOFA faces such a challenge; its acceptance by clinicians is predi-
cated on the evidence that qSOFA can predict outcome, consis-
tently and reliably, across different patient populations and clinical
settings. This analysis, based on 121 studies (n = 1,716,017), is the
largest meta-analysis to date that evaluates the ability of gSOFA to
predict sepsis outcomes. Its findings confirmed that gSOFA score
predicts sepsis outcome and this predictive performance is consis-
tent across different patient populations and clinical settings. This
analysis also revealed the performance of qSOFA to be modest
(e.g., AUC 0.702 for mortality); nevertheless, gQSOFA consistently
outperformed SIRS criteria irrespective of study design (prospec-
tive vs retrospective), patient populations (ED vs ICU), or geog-
raphy (developed vs resource-limited). Collectively, these findings
provide a comprehensive evidence base to inform the current
understanding of the gSOFA score in predicting sepsis outcome.
This meta-analysis differs from previous meta-analyses on
three major aspects. First, our meta-analysis is the largest study

6 www.ccejournal.org

conducted so far; it has included 121 studies with over 1.7 mil-
lion study participants. All previous meta-analyses included much
smaller sample sizes. Second, analyses of AUC and ORs provide
important information regarding the predictive performance of
qSOFA. This approach (using AUC and ORs) was adopted by the
original gSOFA authors (3). Our meta-analysis provides the most
extensive analyses, to date, on AUC and ORs of qSOFA score. In
contrast, previous meta-analyses did not provide AUC/OR data
except for one study (Song et al [11]), which performed a lim-
ited analysis on AUC. Third, by providing extensive analyses on
AUC and ORs, our findings provide strong evidence that gSOFA
outperforms SIRS. Previous meta-analyses do not provide such
high-level evidence because they did not perform an extensive
AUC and odd ratios analysis. In summary, our meta-analysis dif-
fers from other meta-analyses by having the largest sample size,
a similar methodologic approach with the original qSOFA study
and compelling evidence that gSOFA outperforms SIRS.
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Figure 2. Forest plots of area under the curve (AUC) for mortality prediction. gSOFA = quick Sequential Organ Failure Assessment, SIRS = systemic
inflammatory response syndrome.
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qSOFA was designed as a clinical prompt to assist clinicians to
identify high-risk patients (3). In this aspect, QSOFA share some
common characteristics with SIRS. As was recently shown by an
extensive analysis of a large dataset (n = 1,171,797), SIRS also pre-
dicts sepsis outcomes (e.g., mortality) (9). However, SOFA and
SIRS use different parameters; gSOFA includes blood pressure,
respiratory rate (> 22 breath/min), and changes in mental state,
whereas SIRS includes respiratory rate (> 20 breaths/min), tem-
perature, white cell count, and heart rate. Unsurprisingly, the two
clinical scores display different sensitivity and specificity (GSOFA
more specific and SIRS more sensitive), as demonstrated by our
findings. Neither score is perfect because each score has its own
limitations—qSOFA has a lower sensitivity (i.e., it may miss those
individuals with subclinical organ dysfunction), whereas SIRS has
a lower specificity (i.e., it may cause unnecessary testing in low-
risk patients). In practice, the choice (QSOFA vs SIRS) is based on
an optimal balance between sensitivity and specificity. The origi-
nal qSOFA authors (the Sepsis-3 Task Force) had addressed this
issue by calculating global performance parameters (e.g., AUC)
and they compared the relative performance of gSOFA and SIRS
by using these global parameters (3). In this meta-analysis, we
used a similar approach—it showed that the combined analysis
by AUC, OR, and sensitivity/specificity provided a more accurate
evaluation of the clinical scores’ performance than using sensitiv-
ity/specificity alone.

This study has several strengths, including a large sample size,
an inclusion of all relevant metrics (AUC, OR, sensitivity, and
specificity) and the consistency of its findings. We used an exhaus-
tive search strategy to identify both published and unpublished
studies. This results in a large sample size (121 studies), provid-
ing us with an increased statistical power to detect a difference
between qSOFA and SIRS. By analyzing global metrics (such as
AUC and OR), we were able to demonstrate that the overall per-
formance of gSOFA was better than SIRS, a finding not shown by
previous meta-analyses (10-16). This difference in AUC between
qSOFA and SIRS seems consistent because the same difference
was observed across different clinical settings, patient popula-
tions, or study design.

This study focused on criterion validity of gSOFA; it does not
address other important aspects of sepsis diagnosis, such as con-
tent validity and construct validity (20, 21). As stated by the origi-
nal authors, qSOFA is not intended to be used as diagnostic criteria
for sepsis; rather, QSSOFA was designed as a clinical prompt to alert
clinicians to consider the diagnosis of sepsis (22, 23). The diag-
nosis of sepsis requires meeting a different set of criteria, namely
the international consensus definition of sepsis (Sepsis-3), which
has a higher content validity and construct validity than qSOFA
score (20, 21). The more formal Sepsis-3 criteria lack flexibility in
enabling early recognition of sepsis (it requires laboratory tests to
be performed, which can be time consuming and costly). gSOFA
addresses this limitation by possessing three desirable character-
istics of a less formal bedside tool, namely, 1) low measurement
burden; 2) reproducibility; and 3) timeliness (20).

Like all clinical prediction tools, there is an inherent risk in
using qSOFA score in practice. Some qSOFA-negative patients do
develop organ failure, and these false-negative cases can result in
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serious consequence (i.e., missed treatment opportunity). Thus, a
negative QSOFA requires clinicians to continue to look elsewhere
for evidence of sepsis. This raises the question of whether combin-
ing qSOFA with other tools, such as SIRS, may reduce false-nega-
tives cases. Our findings suggested that gSOFA and SIRS do have
complementary strengths; gSOFA is more specific, whereas SIRS is
more sensitive. An intriguing next question is, therefore, whether
a combined qSOFA/SIRS score may improve the overall prediction
accuracy. Such questions should be addressed in future studies.

The qSOFA was designed to be used in the non-ICU setting.
In this meta-analysis, a majority of the studies were performed in
this setting, including 67 studies performed in ED and 12 stud-
ies performed in other non-ICU settings. The remaining studies
included 28 studies performed in ED/ICU, and 13 studies per-
formed exclusively in ICU. Overall, the relative proportions of
distribution were 56% (ED), 10% (other non-ICU settings), 23%
(ED/ICU), and 11% (ICU only).

As expected, heterogeneity was evident across the entire data-
set. Despite an extensive search, the sources of heterogeneity could
not be identified. There are several explanations for this. First, the
subgroup analyses may have excluded key factors that had con-
tributed to heterogeneity (e.g., timing of gSOFA measurement or
stage of illness); however, information on these additional variables
was not available in many studies, thereby precluding their analy-
ses. Second, there were low number of studies in some subgroups,
making them underpowered to detect a statistically significant
difference across subgroups. Third, traditional metrics to define
heterogeneity (e.g., patient populations, study design, and set-
tings) may have been inadequate. Emerging evidence from “omics”
studies has revealed that sepsis subtypes (“endotypes”) are present,
but they are usually undetectable by routine clinical evaluation or
conventional laboratory tests (24). These sepsis subtypes may have
contributed to the heterogeneity observed in this meta-analysis.

It is expected that new qSOFA studies will continue to emerge,
given the ease of SOFA measurement and the low cost of per-
forming such studies. A recent search in PROSPERO (a registry
for meta-analyses) indicates that there are at least 12 meta-analy-
ses on qSOFA, with some published but a large majority are still in
progress. Therefore, an important question is whether adding new
findings or future studies may change our findings. In our opin-
ion, the additional studies are unlikely to change our findings for
two reasons. First, our meta-analysis has a large sample size (121
studies consisting of 1,716,017 patients)—this generates a point
estimate (AUROC(ISOF ,» 0.70) with a very narrow CI (0.69-0.72).
Thus, adding more studies to the dataset is unlikely to narrow this
CI any further. Second, we find that the point estimate stabilizes
over time (as shown by our cumulative meta-analysis), and thus,
adding more studies is unlikely to change the final point estimate.
We expect that future studies are likely to gravitate toward this
final point estimate, as predicted by the well-established regres-
sion to mean principle (25).

This study has several limitations. First, it did not assess the
incremental predictive validity of gSOFA. Our analyses were lim-
ited to analyzing the effect of having two or more qSOFA criteria
fulfilled; the effect of having only one qSOFA criterion fulfilled
remains unknown. Second, our analysis did not consider the effect
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of the timing of measurement. This needs to be addressed in future
studies. Third, most included studies did not provide data on the
component variable of either gSOFA or SIRS. Thus, the contribu-
tion of individual component (e.g., respiratory rate) to the overall
predictive performance is unclear.

In conclusion, we found that gSOFA score has a modest ability
to predict sepsis outcomes, but its predictive performance is better
than SIRS. The higher performance of qSOFA over SIRS is con-
sistent in different patient populations and across a diverse range
of settings. However, our findings are limited by the presence of
significant heterogeneity, which cannot be adequately explained
by subgroup analyses.
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