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Abstract

Objectives: The prognostic utility of serum C reactive protein (CRP) alone in sepsis is
controversial. Here, we evaluated the prognostic utility of serum CRP levels in combination
with the CURB-65 score.

Design: Retrospective cohort study.

Setting: Emergency department (ED) of an urban teaching hospital in Japan.

Participants: Consecutive ED patients over 15 years old who were admitted to the hospital
after having a blood culture taken in the ED between 1th January 2010 and 31th December
2012.

Main outcome measures: 30-day in-hospital mortality.

Results: 1262 patients ultimately analyzed for score evaluation. The 30-day in-hospital
mortality was 8%. Multivariable analysis showed that serum CRP >150 mg/L was an
independent predictor of death (adjusted odds ratio: 1.8; 95% confidence interval [CI]: 1.1 to
2.8). We assessed the predictive performance of the CURB-65 as well as a modified
CURB-65 with CRP (>15mg/dL) added. The area under the receiver operating characteristics
curve (AUC) of the CURB-65 and modified CURB-65 were 0.76 (95% CI: 0.72 to 0.80) and
0.77 (95% CI: 0.72 to 0.81), respectively. Both models presented good calibration for
mortality and were useful among threshold probabilities in the range of 0% to 30%. However,
while incorporating CRP into CURB-65 yielded a significant category-free net
reclassification improvement (NRI) of 0.387 (95% CI: 0.193 to 0.582) and integrated
discrimination improvement (IDI) of 0.015 (95% CI: 0.004 to 0.027), decision curve analyses

showed the CURB-65 and the modified CURB-65 scores had comparable net benefits for
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prediction of mortality.
Conclusions: Measurement of serum CRP added limited clinical usefulness to the CURB-65

in predicting mortality in patients with clinically suspected sepsis, regardless of the source.

Article summary:

Strengths and limitations of this study

® A major strength of this study is using decision curve analysis for evaluation of clinical
usefulness. That revealed the additive clinical usefulness of CRP to the CURB-65 was
limited, although reclassification metrics such as net reclassification improvement and
integrated discrimination improvement were improved.

® The CURB-65 was validated in Asian population with clinically suspected infection,
regardless of the source, with adequate sample size as an external validation study. The
AUC was 0.76 (95%CI: 0.72 to 0.80) and it was useful among threshold probabilities in
the range of 0% to 30%. Our data enhanced the generalizability of the CURB-65 score.

® The limitations of this study are the possibility of selection bias of the eligible patients

and the retrospective nature of the study in a single hospital.
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Introduction

Sepsis is a major cause of morbidity and mortality worldwide, with in-hospital mortality still
at 18% or more, according to recent surveys in resource-rich countries.'™ Early identification
of high-risk patients and timely intervention for sepsis are therefore crucial to improving
outcomes.

Severity assessment is important in the management of patients, including
decision-making regarding choice of treatment and patient disposition. To encourage
implementation, a clinical prediction rule must be user-friendly." The CURB-65 is a simple
prediction rule originally developed as a prognostic scoring system for community-acquired
pneumonia (CAP).” The rule has been well validated in patients with CAP, and
CURB-65-guided antibiotic therapy has safely reduced broad-spectrum antibiotic use in this
population.® ” In addition to its utility among CAP patients, CURB-65 has also been
correlated with mortality in patients with suspected sepsis, regardless of the source, and in
patients admitted for non-surgical illness in the United States, Spain, and the United
Kingdom;*'® however, the system has not yet been validated in such populations in Asian
countiesum C reactive protein (CRP) is an acute phase protein often evaluated as a marker of
systemic inflammation.!’ In Japan, serum CRP levels have been used as a diagnostic and
prognostic marker of infection in daily clinical practice and clinical trials of new drugs."
However, evidence demonstrating its value is insufficient at present for routine application of
serum CRP levels to assess severity of infection. As a prognostic marker, some have reported
that serum CRP on admission is associated with mortality."* '* However, a systematic review

reported conflicting findings, noting that serum CRP levels were not significantly different
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between survivor and nonsurvivor, suggesting that these levels may have limited value in
reflecting the severity of sepsis.'' As a diagnostic marker, the sensitivity and specificity of
serum CRP for discriminating bacterial from non-infectious inflammation was only 75% and
67%, respectively, according to a meta-analysis.15 However, while the diagnostic performance
of serum CRP alone is limited, serum CRP has been reported to contribute some additional
information to a prediction rule involving a patient’s symptoms and physical examination in
diagnosis of pneumonia.'® In this respect, the additive prognostic value of serum CRP to an
existing severity score is unknown.

Here, we evaluated the prognostic performance of serum CRP in combination with the
CURB-65 score. In addition, we also validated the CURB-65 score in patients with suspected

sepsis, regardless of the source of infection, as a geographical and domain validation.’

Materials and Methods

Study Design, Setting and Patients

We performed a retrospective cohort study at Kyoto City Hospital, an urban teaching hospital
with 548 beds in Japan. Consecutive emergency department (ED) patients over 15 years old
admitted to the hospital after having a blood culture taken in the ED between 1 January 2010
and 31 December 2012 were included. Doctors’ decision to order a blood culture was used as

017 To facilitate data

a surrogate marker for suspected sepsis as in previous studies.
independence, only the index admission was included for patients with multiple admissions

during the study period. Patients transferred from another hospital or who had

cardiopulmonary arrest on arrival at the hospital were excluded.
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Data collection
The following data were extracted from electronic medical records for each patient: age,
gender, underlying disease, vital signs (heart rate, blood pressure, respiratory rate, mental
confusion and body temperature), laboratory findings (white blood cell [WBC] count, platelet
count, and blood urea nitrogen [BUN] and serum CRP levels), and outcome. For vital signs
and laboratory data, initial values at the hospital visit were recorded. The items of the
CURB-65 score were as follows: mental confusion (present/absent), BUN > 20 mg/dL (7
mmol/L), respiratory rate (RR) > 30/min, either or both systolic blood pressure (SBP) < 90
mmHg or diastolic blood pressure (DBP) < 60 mmHg, and age > 65 years.” Mental confusion
was defined as disorientation in person, place or time or being in a stupor or coma.” We
defined other covariates as follows: abnormal body temperature (BT) as > 38 or < 36 °C,
tachycardia as heart rate (HR) > 90/min, leukocytosis as WBC > 15,000/uL, and low platelet
count as platelet count < 150,000/pL, based on a previous study.'’

The main outcome measure was 30-day in-hospital mortality. Patients who were
discharged or transferred from the hospital within 30 days of admission or who remained in

the hospital for more than 30 days were considered alive in this analysis.'®

Statistical analysis
First, we explored the cut-off point of serum CRP level for prediction of death in patients with
suspected sepsis. We graphically checked whether or not the relationship between serum CRP

level and mortality was linear in the logit with a smoothing curve using a locally weighted
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least squares (Lowess) regression.'” Because the optimal cut-off point was unknown, serum
CRP results were first divided into quartiles and rounded to the nearest integer. Each patient
was then assigned to one of four categories corresponding to the CRP quartiles. We conducted
multivariable logistic regression analysis to adjust predictors of death by sequentially
introducing pre-specified groups of variables, such as demographics, vital signs, laboratory
findings and items of the CURB-65. We assessed multicollinearity using the variance
inflation factor (VIF). VIFs greater than 2.5 may be problematic.”® We also computed the
unadjusted odds ratio of covariates using univariable logistic regression to show the influence
of adjustment for predictors.

Second, we validated the CURB-65 model. We graphically assessed the calibration of
the CURB-65 model with calibration plot and tested it with the Hosmer-Lemeshow test. A p
value < 0.05 indicates a lack of good fit for the model. Regarding the model discrimination,
we also computed the area under the receiver operating characteristic curve (AUC) with a
95% confidence interval (CI) using 500 bootstrap resampling.”' The predicted mortalities
with 95% CI were calculated by introducing the CURB-65 score as a continuous variable into
univariable logistic regression.

Third, we assessed the model performance of the modified CURB-65 score, which was
made by incorporating CRP information into the CURB-65 model, using a calibration plot
and Hosmer-Lemeshow test for calibration and AUC for discrimination. Additive information
of CRP was evaluated by category-free net reclassification improvement (NRI) and integrated
discrimination improvement (IDI).* With regard to clinical usefulness, we examined the net

benefit using decision curve analysis,” a novel method of evaluating diagnostic tests or
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prediction models established by Vickers and Elkin. Briefly, the method is based on the
principle that the relative harms of false positives and false negatives can be expressed in
terms of a probability threshold.”* The net benefit is obtained by subtracting the proportion of
patients who are false positive from the proportion who are true positive, weighting by the
relative harm of a false-positive and a false-negative result. The net benefit of making a

decision based on the model can be calculated with the following formula:

True Positives Pt . False positives
Net benefit = . - (=) ”n

where n is the total number of patients in the study and P, is a given threshold probability.23'25
With regard to sample size estimation, at least 8 to 10 events per variable are required

2627 and 100 events and 100 nonevents are

for reliable multiple logistic regression analysis,
required for an external validation study.”® We assumed 30 to 40 deaths per year among
eligible patients, collecting 3 years’ worth of data (90 to 120 estimated deaths) to
appropriately conduct multiple logistic regressions with 11 variables and ensure adequate
statistical power.

In terms of handling missing values, we planned to perform a complete case analysis if
missing values were below 5%, as such an analysis might be feasible then. ** If missing
values were above 5%, we planned to apply an appropriate imputation method.

Data were analyzed with R software 3.0.1 (www.r-project.org) and Stata software,

version 13 (StataCorp., College Station, TX, USA) including programs of Decision Curve

Analysis provided by Vickers.*
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Ethical approval
This protocol was approved by the Ethics Committee of Kyoto University Graduate School

and Faculty of Medicine and Kyoto City Hospital.

Results

Patient characteristics

Among 1310 eligible patients over 3 years of study, 108 deaths (8.2% mortality) were
recorded. Demographics, underlying diseases, vital signs, laboratory findings and chief
diagnosis for admission were presented in Table 1. Diagnosis was unclear in 96 patients
(7.3%). Respiratory rates data were missing for 21 patients, and CRP data were missing for
28 (Table 2). Overall cases with any missing predictor were 48 (3.7%), so we conducted a
complete case analysis, leaving 1262 patients (106 deaths, 8.4% mortality) for model

evaluation analyses.

Evaluation of CRP as a predictor of mortality

The relationship between serum CRP level and mortality was almost linear in the logit. Serum
CRP results were divided into quartiles and rounded to the nearest integer, and we set interim
cut-off points as 20, 70, and 150 mg/L. Unadjusted odds ratios for mortality of each CRP
group and other covariates are shown in Table 2. We set 150 mg/L as the cut-off point to
dichotomize serum CRP levels and then sequentially introduced groups of variables into the

multivariable logistic regression model.

10
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Adjusted odds ratios for mortality are shown in Table 3. We found no evidence of
multicollinearity because the variance inflation factors for predictors in all models in Table 3
were less than 1.3. We identified serum CRP level > 150 mg/L as an independent predictor of

death in patients with clinically suspected sepsis.

Validation of the CURB-65

Observed 30-day in-hospital mortalities and predicted mortalities computed by the CURB-65
score are shown in Table 4. The CURB-65 showed good calibration for mortality, with a
Hosmer-Lemeshow test of 4.08 (df=5, P=0.538), indicating good fit. The calibration plot is
shown in Supplementary Figure la. The AUC for the CURB-65 was 0.76 (95% CI: 0.72 to

0.80; Supplementary Figure 2).

Additive information of CRP to CURB-65

Because the adjusted odds ratio (i.e. regression coefficient) of CRP was comparable to each
item in the CURB-65, we made a modified CURB-65 score by adding one point to the
CURB-65 score when serum CRP level was > 150 mg/L. Table 4 shows observed 30-day
in-hospital mortalities and predicted mortalities stratified by the modified CURB-65 score.
The modified CURB-65 also showed good calibration for mortality, with a
Hosmer-Lemeshow test of 4.52 (df=6, P=0.607). The calibration plot is shown in
Supplementary Figure 1b. The AUC for the modified CURB-65 was 0.77 (95% CI: 0.72 to
0.81; Supplementary Figure 2). By incorporating CRP into CURB-65, event NRI was —0.151

and nonevent NRI was 0.538, giving an overall category-free NRI of 0.387 (95% CI: 0.193 to

11
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0.582, p<0.0001). Further, IDI for events was 0.014 and IDI for nonevents was 0.001, giving
an overall IDI of 0.015 (95% CI: 0.004 to 0.027, p<0.01). These findings were statistically

significant.

Decision curve analysis

Figure 1 demonstrates the decision curve for the CURB-65 and modified CURB-65 to predict
30-day in-hospital mortality in patients with clinically suspected sepsis. Both the CURB-65 and
the modified CURB-65 are useful between threshold probabilities of 0% to 30%. However,
both curves depict little difference in net benefit. The net benefits at each point of the CURB-65
score and the modified CURB-65 score are shown in Table 4. The summary of findings of this

study is presented in Table 5.

Discussion

We determined that having high CRP levels was independently associated with high mortality
in our population. We also conducted geographical and domain validation of the CURB-65 in
patients with clinically suspected sepsis, which comprised an external validation in a different
geographical area and in a population including different category of patients from CAP*
Although reclassification metrics such as NRI and IDI were improved on incorporation of
CRP level, the additive clinical usefulness of CRP to the CURB-65 was admittedly limited
(Table 5).

The utility of serum CRP as a prognostic marker has been found to vary."' In Japan,

12
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universal health coverage allows people to consult a doctor soon after they recognize any
symptoms, with no particular limitations.®" Given that secretion of CRP peaks at 36-50 h after
inflammatory stimulus,'’ serum CRP level might be useful as a surrogate marker of duration
from disease onset to consulting a doctor as well as a marker reflecting intensity of
inflammation. We believe that the association between serum CRP level and mortality will be
more easily identified in countries such as Japan where the population has easy access to

hospitals, due to the wide distribution in duration from disease onset to visiting a hospital.

Strengths and limitations of the study

A major strength of this study was our evaluation using decision curve analysis.
Performance of a prediction model has traditionally been evaluated by discrimination and
calibration. Discrimination is “a measure of how well a prognostic model discriminates
individuals with and without the outcome of interest” and calibration is “the ability to
correctly estimate the likelihood of a future event across the whole range of prognostic
estimates.”” There is a tradeoff between discrimination and calibration, and a model typically
cannot be perfect with respect to both.* ** Calibration is more relevant than discrimination
when estimating absolute risk of mortality in decision-making. However, having good
calibration alone is not sufficient to show that a model would improve decision-making.”” As
metrics of reclassification, NRI and IDI have enjoyed increasing usage in evaluating
improvement in prediction models. However, these improvements in NRI and IDI are also not
sufficient for evaluating clinical usefulness.***® Decision curve analysis can take into account

risk threshold, weighting benefits and harms, and is useful in evaluating clinical utility of a

13
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prediction model.” **3? For instance, the net benefit of 0.061 at a threshold probability of 3%
can be interpreted as meaning that making a decision based on the prediction model,
compared to assuming that all patients would be alive, leads to the equivalent of a net 6.1
true-positive results per 100 patients with no corresponding increase in the number of
false-positive results (Table 4).* Addition of CRP to the CURB-65 improved the prognostic
classification in terms of NRI and IDI; however, its clinical usefulness was limited when
considering net benefit examined by decision curve analysis.

Several limitations to the present study warrant mention. We cannot rule out the
possibility of selection bias, as only inpatients who had a blood culture taken were included.
We may therefore have missed patients with infection who did not undergo blood culture in
the ED, and contrarily, some patients without infection were included in the study. However,
clinicians must routinely make decisions in the ED despite being unsure as to whether or not
a patient is actually infected; we therefore considered it important to evaluate a clinical
prediction rule accounting for such clinical uncertainty. Inclusion of patients without
infectious diseases, we feel, reflects a real-world scenario. Another limitation is the
retrospective nature of the study and the fact that it was conducted in a single hospital. Given
the study’s retrospective design, patients with high CRP might have received more intensive
therapy than those with relatively low CRP. Such bias might have lowered the predictive
ability of CRP. However, as an external validation study, we believe our data enhanced the

generalizability of the CURB-65 score with adequate statistical power.”

14
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Conclusions

The CURB-65 correlated well with 30-day in-hospital mortality in patients with clinically
suspected infection, and it was useful among threshold probabilities in the range of 0% to
30%. While serum CRP level > 150 mg/L was found to be associated with high mortality, its
clinical usefulness in combination with the CURB-65 was limited. CURB-65 score may
prove helpful in making decisions regarding the management of clinically suspected sepsis,

regardless of the source.
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Table 1. Patient characteristics, chief diagnosis for admission, and outcome

Characteristics n=1310*
Demographics
Age (years), median (range) 76 (15-100)
Female, n (%) 588 (44.9)
Nursing home resident, n (%) 37 (2.8)
Underlying diseases, n (%)
Cerebrovascular disease 164 (12.5)
Congestive heart failure 106 (8.1)
Chronic respiratory disease 159 (12.1)
Chronic kidney disease 107 (8.2)
Chronic liver disease 80 (6.1)
Diabetes mellitus 252 (19.2)
Malignancy 230 (17.6)
Dementia 125 (9.5)
Autoimmune disorder 60 (5.0)
Human immunodeficiency virus positive 3(0.2)
Vital signs
Heart rate (beats/min), median (SD) 98 (20.4)
Systolic blood pressure (mmHg), median (SD) 132 (28.3)
Respiratory rate (breaths/min), median (SD) 20 (6.7)
Body temperature (°C), median (SD) 38.1 (1.4)
Mental confusion, n (%) 223 (17.0)
Laboratory data
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1

2

3

4

2 White blood cell count (/ « L), median (SD) 10400 (6503)
7 Platelet count (x10%/ » L), median (SD) 19.6 (9.9)

g C reactive protein (mg/L), median (SD) 72.3 (90)
10 Blood urea nitrogen (mg/dL), median (SD) 19.3 (19.5)
g Chief diagnosis for admission

13 Pneumonia 405 (30.9)
1; Urinary tract infection 196 (15.0)
16 Skin and Soft tissue infection 69 (5.3)

ig Acute cholangitis 48 (3.7)

19 Acute cholecystitis 34 (2.6)
3(1) Bowel perforation 21 (1.6)
22 Other bacterial infection 154 (11.8)
gi Non-bacterial infection 94 (7.2)
25 Non-infection 193 (14.7)
g? Unclear 96 (7.3)
28 Bacteremia, n (%) 217 (16.6)
ég 30-day in-hospital mortality, n (%) 108 (8.2)
31 Abbreviation: SD, standard deviation

32 *48 were excluded due to missing predictors in analyses for score evaluation.
33

34

35

36

37

38

39

40

41

42

43

44

45
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Table 2. Unadjusted odds ratios for mortality calculated by univariable logistic regression

Missing

Variables Unadjusted Odds Ratio (95% CI) n, (%)
CRP

0.1-19.9 mg/L 1 [reference]

20-69.9 mg/L 1.7 (0.8-3.5) 28 (2.1)

70-149.9 mg/L 2.3 (1.2-4.5)

= 150 mg/L 4.1 (2.1-7.7)
Age 2 65 years old 3.5 (1.9-6.6) 0 (0)
Female 0.6 (0.4-0.9) 0 (0)
Mental confusion 3.0 (2.0-4.6) 0 (0)
Hypotension 0 (0)
(SBP < 90 or DBP < 60 mmHg) 3.0(2.0-4.5)
Abnormal body temperature
(BT >38 or < 36 °C) 0-9(06-1.3) 0(0)
Tachycardia (HR > 90 /min) 1.5 (0.97-2.3) 0 (0)
Tachypnea (RR 2 30 /min) 3.2 (2.1-5.0) 21(1.6)
Platelet count < 15 x 10*/pL 2.1 (1.4-3.1) 0 (0)
BUN > 20 mg/dL 4.8 (3.0-7.8) 0(0)
WBC > 15000/uL 1.7 (1.1-2.6) 0(0)
Overall - 48 (3.7)

Abbreviation: CRP, C reactive protein; SBP, systolic blood pressure; DBP, diastolic blood pressure; BT, body temperature; HR, heart
rate; RR, respiratory rate; BUN, blood urea nitrogen; WBC, white blood cell count
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1

2

3

4

2 Table 3. Adjusted odds ratios for mortality in multivariable logistic regression analyses

7 Adjusted Odds Ratios (95% CI)

S Variables Model 1 Model2  Model 3 Model 4 Model 5
ig CRP 2 150 mg/L 25(1.6-3.7) 23(1.5-3.5) 21(1.4-3.3) 1.8(1.1-2.8) 2.0(1.3-3.1)
12 Age 2 65 years - 3.7(1.9-7.2) 3.0(1.5-59) 25(1.3-51) 2.3(1.1-4.6)
" Female ) 0.6 (0.4-0.9) 0.6(0.4-0.9) 0.6 (0.4-1.02) )

ig Mental confusion _ ) 2.4(15-3.8) 2.1(1.3-33) 2.1(1.3-3.4)
g Hypotension (SBP < 90 or DBP < 60 mmHg) - - 27(1.741) 23(1.5-3.5) 2.1(1.3-3.2)
19 Abnormal body temperature (BT >38 or < 36 °C) - - 1.0 (0.6-1.5) 1.0 (0.7-1.6) -

20

21 Tachycardia (HR > 90/min) - - 1.4(0.9-2.3) 1.5(0.9-2.5) -

5:23 Tachypnea (RR 2 30/min) - - 24 (15-39) 23(1.4-3.7) 24(1.5-3.9)
24 Platelet count < 15 x 10*/uL - - - 1.8 (1.1-2.8) -

25

26 BUN > 20 mg/dL - - - 24 (14-40) 2.7 (1.6-4.5)
o WBC > 15000/pL ; - - 1.5 (0.9-2.4) -

29 Abbreviation: CRP, C reactive protein; SBP, systolic blood pressure; DBP, diastolic blood pressure; BT, body temperature; HR, heart
32 rate; RR, respiratory rate; BUN, blood urea nitrogen; WBC, white blood cell count

32 Model 1: Unadjusted

33 Model 2: Adjusted for age and gender

34 Model 3: Adjusted for age, gender, and vital signs

gg Model 4: Adjusted for age, gender, vital signs, and lab data

37 Model 5: Adjusted for items of the CURB-65

38

39

40

41

42 4
43

44

45
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Table 4. Observed mortality, predicted mortality, and net benefit in the CURB-65 and the modified CURB-65*

CURB-65 Observeo_l 30;day Predic.tecJIr Net Modified Observeo_l 30;day Predic.teqlr Net
score mortality, % mortality benefitt CURB-65 mortality, % mortality benefitt
(death/total) (95% CI) % score (death/total) (95% Cl) %
0 0 (0/190) 1(0.7-2.1) 0.075 0 0 (0/152) 1 (0.6-2.0) 0.075
1 3 (9/334) 3(2.0-4.2) 0.061 1 2 (7/287) 2 (1.6-3.6) 0.068
2 8 (33/409) 7 (5.2-8.3) 0.034 2 6 (23/381) 5 (4.0-6.9) 0.048
3 13 (34/254) 14 (11.9-17.2)  0.015 3 12 (32/265) 11 (9.2-13.3) 0.024
4 30 (25/84) 28 (22.5-35.2) 0.004 4 17 (22/129) 22 (17.7-26.5) 0.012
5 39 (7/18) 48 (37.0-60.1) 0 5 44 (18/41) 38 (29.9-47.8)  0.005
6 57 (417) 58 (45.2-70.4) 0

* The modified CURB-65 score was made by addition of 1 point if CRP = 150 mg/L.

T Predicted mortality was calculated by introducing the CURB-65 and modified CURB-65 score as a continuous variable into
univariable logistic regression.

T Net benefits were calculated for each predicted mortality as a threshold probability.
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Table 5. Summary of findings of this study
CURB-65 Modified CURB-65

Discrimination
AUC 0.76 0.77
(95% CI: 0.7210 0.80) | (95% CI: 0.72t0 0.81)

©CoO~NOUITA,WNPE

12 Calibration
13 Hosmer-Lemeshow test good good
and calibration plot
16 Reclassification

17 Overall category-free NRI 0.387 (95% CI: 0.193 to 0.582, p<0.0001)
18 Overall IDI 0.015 (95% ClI: 0.004 to 0.027, p<0.01)
20 Clinical usefulness
21 NB examined by DCA comparable
22 Abbreviation: AUC, area under the receiver operating characteristic curve; NRI, net reclassification improvement; IDI, integrated
discrimination improvement; NB, net benefit; DCA, decision curve analysis
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Figure 1. Decision curve for the CURB-65 and modified CURB-65 (MCURB-65) to predict 30-day mortality in patients with suspected
sepsis
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The thick black line is the net benefit of treating no patients, assuming that all would be alive; the thin grey line is the net benefit of
treating all patients similarly regardless of their severity, assuming that all would die; the long dashed line is the net benefit of treating
patients according to the CURB-65 score; and the thin black line is the net benefit of treating patients based on the modified CURB-65
score.
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Supplementary Figure 1a. Calibration plot of the CURB-65
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Supplementary Figure 1b. Calibration plot of the modified CURB-65
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Supplementary Figure 2. The receiver operating characteristics curves of the

CURB-65 and the modified CURB-65
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STROBE Statement—checklist of items that should be included in reports of observational studies

Item
No Recommendation

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract
[Within the method section of the abstract page 3]
(b) Provide in the abstract an informative and balanced summary of what was done
and what was found [See results section of abstract page 3-4]

Introduction

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported
[page 5-6]

Objectives 3 State specific objectives, including any prespecified hypotheses [page 6]

Methods

Study design 4 Present key elements of study design early in the paper [Methods page 6-7]

Setting Describe the setting, locations, and relevant dates, including periods of recruitment,
exposure, follow-up, and data collection [Methods page 6-7]

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of
selection of participants. Describe methods of follow-up [Methods page 6-7]
Case-control study—Give the eligibility criteria, and the sources and methods of
case ascertainment and control selection. Give the rationale for the choice of cases
and controls [N/A]
Cross-sectional study—Give the eligibility criteria, and the sources and methods of
selection of participants [N/A]
(b) Cohort study—For matched studies, give matching criteria and number of
exposed and unexposed [N/A]
Case-control study—For matched studies, give matching criteria and the number of
controls per case [N/A]

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect
modifiers. Give diagnostic criteria, if applicable [page 7]

Data sources/ 8* For each variable of interest, give sources of data and details of methods of

measurement assessment (measurement). Describe comparability of assessment methods if there
is more than one group [page 7]

Bias 9 Describe any efforts to address potential sources of bias [page 6-7]

Study size 10 Explain how the study size was arrived at [page 9]

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable,
describe which groupings were chosen and why [page 7]

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding

Continued on next page

[page 7-9]

(b) Describe any methods used to examine subgroups and interactions [N/A]

(c) Explain how missing data were addressed [page 9]

(d) Cohort study—If applicable, explain how loss to follow-up was addressed [page
71

Case-control study—If applicable, explain how matching of cases and controls was
addressed [N/A]

Cross-sectional study—If applicable, describe analytical methods taking account of
sampling strategy [N/A]

(e) Describe any sensitivity analyses [N/A]
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Participants 13*

(a) Report numbers of individuals at each stage of study—eg numbers potentially eligible,
examined for eligibility, confirmed eligible, included in the study, completing follow-up, and
analysed [page 10 and table 1]

(b) Give reasons for non-participation at each stage [N/A]

(c) Consider use of a flow diagram [N/A information in page 10 and table 1]

Descriptive 14*
data

(a) Give characteristics of study participants (eg demographic, clinical, social) and information
on exposures and potential confounders [page 10 and table 1]

(b) Indicate number of participants with missing data for each variable of interest [table 2]

(¢) Cohort study—Summarise follow-up time (eg, average and total amount) [page 10]

Outcome data 15%*

Cohort study—Report numbers of outcome events or summary measures over time [page 10
and table 1]

Case-control study—Report numbers in each exposure category, or summary measures of
exposure [N/A]

Cross-sectional study—Report numbers of outcome events or summary measures [N/A]

Main results 16

(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for and
why they were included [page 10-11; table 2 and 3]

(b) Report category boundaries when continuous variables were categorized [page 10-11;
table 2]

(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful
time period [N/A]

Other analyses 17

Report other analyses done—eg analyses of subgroups and interactions, and sensitivity
analyses [decision curve analysis in page 11-12; table 4; figure 1]

Discussion

Key results 18  Summarise key results with reference to study objectives [page 12]

Limitations 19  Discuss limitations of the study, taking into account sources of potential bias or imprecision.
Discuss both direction and magnitude of any potential bias [page 14]

Interpretation 20  Give a cautious overall interpretation of results considering objectives, limitations, multiplicity

of analyses, results from similar studies, and other relevant evidence [page 14-15]

Generalisability 21

Discuss the generalisability (external validity) of the study results [page 14]

Other information

Funding 22

Give the source of funding and the role of the funders for the present study and, if applicable,
for the original study on which the present article is based [N/A]

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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Abstract

Objectives: The prognostic utility of serum C reactive protein (CRP) alone in sepsis is

controversial. We used decision curve analysis (DCA) to evaluate the clinical usefulness

of combining serum CRP levels with the CUBR-65 score in patients with suspected

sepsis.

Design: Retrospective cohort study.

Setting: Emergency department (ED) of an urban teaching hospital in Japan.

Participants: Consecutive ED patients over 15 years old who were admitted to the

hospital after having a blood culture taken in the ED between 1 January 2010 and 31

December 2012.

Main outcome measures: 30-day in-hospital mortality.

Results: Data from 1262 patients were analyzed for score evaluation. The 30-day

in-hospital mortality was 8.4%. Multivariable analysis showed that serum CRP >150

mg/L was an independent predictor of death (adjusted odds ratio: 2.0; 95% confidence

interval [CI]: 1.3 to 3.1). We compared the predictive performance of the CURB-65

with the performance of a modified CURB-65 with that included CRP (=150 mg/L) to
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quantify the clinical usefulness of combining serum CRP to the CURB-65. The areas

under the receiver operating characteristics curves (AUC) of the CURB-65 and

modified CURB-65 were 0.76 (95% CI: 0.72 to 0.80) and 0.77 (95% CI: 0.72 to 0.81),

respectively. Both models had good calibration for mortality and were useful among

threshold probabilities from 0% to 30%. However, while incorporating CRP into

CURB-65 yielded a significant category-free net reclassification improvement of 0.387

(95% CI: 0.193 to 0.582) and integrated discrimination improvement of 0.015 (95% CI:

0.004 to 0.027), DCA showed that the CURB-65 and the modified CURB-65 score had

comparable net benefits for prediction of mortality.

Conclusions: Measurement of serum CRP added limited clinical usefulness to the

CURB-65 in predicting mortality in patients with clinically suspected sepsis, regardless

of the source.

Article summary:

Strengths and limitations of this study

® Combining serum CRP with the CURB-65 gave statistically significant values of
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net reclassification improvement and integrated discrimination improvement. In

contrast, decision curve analysis showed that combining serum CRP with the

CURB-65 was of only limited clinical usefulness.

The limitations of this study are the possibility of selection bias of the eligible

patients and the retrospective nature of the study in a single hospital.
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Introduction

Sepsis is a major cause of morbidity and mortality worldwide, with in-hospital mortality
still at 18% or more, according to recent surveys in resource-rich countries.'” Early
identification of high-risk patients and timely intervention for sepsis are therefore
crucial to improving outcomes.

Severity assessment is important in the management of patients, including
decision-making regarding choice of treatment and patient disposition. To encourage
implementation, a clinical prediction rule must be user-friendly.* While there are a lot of
well-known scoring systems for severity of illness such as the Acute Physiology and
Chronic Health Evaluation (APACHE), Sepsis-related Organ Failure Assessment
(SOFA), and Multiple Organ Dysfunction Score (MODS), they have too many items to
use conveniently in the emergency department (ED).” In addition, these scores have not
been well validated in settings other than the intensive care unit (ICU). The CURB-65 is
a simple prediction rule originally developed as a prognostic scoring system for
community-acquired pneumonia (CAP).° The rule has been well validated in patients

with CAP, and CURB-65-guided antibiotic therapy has safely reduced broad-spectrum
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antibiotic use in this population.’ ¥ In addition to its utility among CAP patients,
CURB-65 has also been correlated with mortality in patients with suspected sepsis,
regardless of the source, and in patients admitted for non-surgical illness.”"'

Serum C reactive protein (CRP) is an acute phase protein often evaluated as a
marker of systemic inflammation.'? In Japan, serum CRP levels have been used as a
diagnostic and prognostic marker of infection in daily clinical practice and clinical trials
of new drugs."> However, evidence demonstrating its value is insufficient at present for
routine application of serum CRP levels to assess severity of infection. As a prognostic
marker, some have reported that serum CRP on admission is associated with mortality."*
'S However, a systematic review reported conflicting findings, noting that serum CRP
levels were not significantly different between survivor and nonsurvivor, suggesting that
these levels may have limited value in reflecting the severity of sepsis.'* As a diagnostic
marker, the sensitivity and specificity of serum CRP for discriminating bacterial from
non-infectious inflammation was only 75% and 67%, respectively, according to a
meta-analysis.'® However, while the diagnostic performance of serum CRP alone is

limited, serum CRP has been reported to contribute some additional information to a
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prediction rule involving a patient’s symptoms and physical examination in diagnosis of
pneumonia.'” In this respect, the additive prognostic value of serum CRP to an existing
severity score is unknown.

Performance of a prediction model has traditionally been evaluated by
discrimination and calibration. However, having good discrimination and calibration
alone is not sufficient to show that a model would improve decision-making.'® As
metrics of reclassification, net reclassification improvement (NRI) and integrated
discrimination improvement (IDI) have enjoyed increasing usage in evaluating
improvement in prediction models. However, these improvements quantified as NRI
and IDI are also not sufficient for evaluating clinical usefulness.'”?' Decision curve
analysis (DCA), which was first described by Vickers and Elkin, can be used to
incorporate the clinical consequences of a decision into evaluations of diagnostic tests
or prediction models.?? To our knowledge, there have been no studies in which DCA is
employed to evaluate the clinical usefulness of serum CRP levels and CURB-65 score
in patients with suspected sepsis.

Here, our objective was to use DCA to evaluate clinical usefulness of combining

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 8 of 43

yb1uAdoo Ag pajoslold 1senb Aqg 1720z ‘LT IMdy uo /wod fwg uadolwa//:dny woiy papeojumod "STOZ |Mdy 82 U0 6¥0.00-7T0Z-uadolwa/oeTT 0T Se payslignd 1siy :uado (NG


http://bmjopen.bmj.com/

Page 9 of 43

©CoO~NOUITA,WNPE

BMJ Open

serum CRP levels to the CURB-65 score in patients with suspected sepsis, regardless of

the source of infection.

Materials and Methods

Study Design, Setting and Patients

We performed a retrospective cohort study at Kyoto City Hospital, an urban teaching
hospital with 548 beds in Japan. Consecutive emergency department (ED) patients over
15 years old admitted to the hospital after having a blood culture taken in the ED
between 1 January 2010 and 31 December 2012 were included. Doctors’ decision to
order a blood culture was used as a surrogate marker for suspected sepsis as in previous
studies."" # To facilitate data independence, only the index admission was included for
patients with multiple admissions during the study period. Patients transferred from
another hospital or who had cardiopulmonary arrest on arrival at the hospital were

excluded.

Data collection

The following data were extracted from electronic medical records for each patient: age,
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gender, underlying disease, vital signs (heart rate, blood pressure, respiratory rate, and
mental confusion and body temperature), laboratory findings (white blood cell [WBC]
count, platelet count, and blood urea nitrogen [BUN] and serum CRP levels), and
outcome. For vital signs and laboratory data, initial values at the hospital visit were
recorded. Blood pressure was measured with noninvasive cuff. Serum CRP was
measured with latex turbidimetric immunoassay. The items of the CURB-65 score were
as follows: mental confusion (present/absent), BUN > 7 mmol/L (20 mg/dL),
respiratory rate (RR) > 30/min, either or both systolic blood pressure (SBP) <90 mmHg
or diastolic blood pressure (DBP) < 60 mmHg, and age > 65 years.® Mental confusion
was defined as disorientation in person, place or time or being in a stupor or coma as
with a previous study.’

The main outcome measure was 30-day in-hospital mortality. Patients who were
discharged or transferred from the hospital within 30 days of admission or who

remained in the hospital for more than 30 days were considered alive in this analysis.**

Statistical analysis

10
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First, we validated the CURB-65 model. We graphically assessed the calibration of the
CURB-65 model with calibration plot and tested it with the Hosmer-Lemeshow test. A p
value < 0.05 indicates a lack of good fit for the model. Regarding the model
discrimination, we also computed the area under the receiver operating characteristic
curve (AUC) with a 95% confidence interval (CI) using 500 bootstrap resampling.”
The predicted mortalities with 95% CI were calculated by introducing the CURB-65
score as a continuous variable into univariable logistic regression.

Second, we examined additional value of serum CRP. We graphically checked
whether or not the relationship between serum CRP level and mortality was linear in the
logit with a smoothing curve using a locally weighted least squares (Lowess)
regression.”® We conducted logistic regression analysis after adding CRP as a
continuous variable to the CURB-65 system. User-friendliness is important for clinical
prediction rules and dichotomized test results (normal vs abnormal) are easy to use and
interpret. We explored the cut-off point of serum CRP level for prediction of death in
patients with suspected sepsis because the optimal cut-off point was unknown. Serum

CRP results were first divided into quartiles and rounded to the nearest 10. Each patient

11
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was then assigned to one of four categories corresponding to the CRP quartiles. We
assessed the most optimal cut-off point from the AUC. We conducted multivariable
logistic regression analysis to adjust predictors of death by introducing pre-specified
variables: items of the CURB-65. We assessed multicollinearity using the variance
inflation factor (VIF). VIFs greater than 2.5 may be problematic.”’ We also computed
the unadjusted odds ratio of covariates using univariable logistic regression to show the
influence of adjustment for predictors.

Third, we assessed the model performance of the modified CURB-65 score,
which was made by incorporating CRP information into the CURB-65 model, using a
calibration plot and Hosmer-Lemeshow test for calibration and AUC for discrimination.
Additive information of CRP was evaluated by category-free NRI and IDL** With
regard to clinical usefulness, we examined the net benefit using DCA.? Briefly, the
method is based on the principle that the relative harms of false positives and false
negatives can be expressed in terms of a probability threshold.”” The net benefit is
obtained by subtracting the proportion of patients who are false positive from the

proportion who are true positive, weighting by the relative harm of a false-positive and

12
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a false-negative result. The net benefit of making a decision based on the model can be

calculated with the following formula:

True Positives Pt | False positives

Net benefit = — — (1_Pt)

n

where n is the total number of patients in the study and P; is a given threshold
probability.** %3

With regard to sample size estimation, at least 8§ to 10 events per variable are
required for reliable multiple logistic regression analysis,”’ ** and 100 events and 100
nonevents are required for an external validation study.”> We assumed 30 to 40 deaths
per year among eligible patients, collecting 3 years’ worth of data (90 to 120 estimated
deaths) to appropriately conduct multiple logistic regressions with 11 variables and
ensure adequate statistical power.

In terms of handling missing values, we planned to perform a complete case

analysis if missing values were below 5%, as such an analysis might be feasible then. **

If missing values were above 5%, we planned to apply an appropriate imputation

13

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

yBuAdoo Ag paloaloid 1senb Ag 20z ‘2T Idy uo /wod g uadolwg//:dny wouj papeojumoq "GTOZ IUdy 82 Uo 610.00-7T0Z-uadolwa/9eTT 0T St paysiignd 1su1y :uado CINg


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open

method.
Data were analyzed with R software 3.0.1 (www.r-project.org) and Stata software,
version 13 (StataCorp., College Station, TX, USA) including programs of Decision

Curve Analysis provided by Vickers.*

Ethical approval
This protocol was approved by the Ethics Committee of Kyoto University Graduate

School and Faculty of Medicine and Kyoto City Hospital.

Results

Patient characteristics

Among 1310 eligible patients over 3 years of study, 108 deaths (8.2% mortality) were
recorded. Demographics, underlying diseases, vital signs, laboratory findings and chief
diagnosis for admission were presented in Table 1. Diagnosis was unclear in 92 patients
(7.3%). Respiratory rates data were missing for 21 patients, and CRP data were missing
for 28 (Table 3). Overall cases with any missing predictor were 48 (3.7%), so we

conducted a complete case analysis, leaving 1262 patients (106 deaths, 8.4% mortality)

14
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for model evaluation analyses.

Validation of the CURB-65 in our population

Observed 30-day in-hospital mortalities and predicted mortalities computed by the

CURB-65 score are shown in Table 4. The CURB-65 showed good calibration for

mortality, with a Hosmer-Lemeshow test of 4.08 (df=5, P=0.538), indicating good fit.

The calibration plot is shown in Supplementary Figure la. The AUC for the CURB-65

was 0.76 (95% CI: 0.72 to 0.80; Supplementary Figure 2).

Evaluation of CRP as a predictor of mortality

The relationship between serum CRP level and mortality was almost linear in the logit

(Supplementary Figure 3). An unadjusted odds ratio for mortality was 1.05 (95% CI:

1.03 to 1.07) per 10 mg/L rise in serum CRP level. Addition of continuous serum CRP

level to the CURB-65 system revealed an adjusted odds ratio for mortality was 1.04

(95% CI: 1.01 to 1.06) per 10 mg/L increase in concentration. Because the optimal

cut-off point was unknown, serum CRP results were divided into quartiles: the quartile

15
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points were 18.2, 72.3 and 149.2 mg/L. Then, they were rounded to the nearest 10, and

we set interim cut-off points as 20, 70, and 150 mg/L. Observed mortality and

unadjusted odds ratios for mortality of each CRP group are shown in Table 2. We

repeated regression analyses adding serum CRP as a dichotomized variable with each

interim cut-off point. We found 150 mg/L as the most optimal threshold to dichotomize

serum CRP levels.

Adjusted odds ratios for mortality are shown in Table 3. We found no evidence of

multicollinearity because the variance inflation factors for predictors in the model in

Table 3 were less than 1.2. We identified serum CRP level > 150 mg/L as an

independent predictor of death in patients with clinically suspected sepsis.

Additive information of CRP to CURB-65

Because the adjusted odds ratio (i.e. regression coefficient) of CRP was comparable to

each item in the CURB-65, we made a modified CURB-65 score by adding one point to

the CURB-65 score when serum CRP level was > 150 mg/L. Table 4 shows observed

16
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30-day in-hospital mortalities and predicted mortalities stratified by the modified

CURB-65 score. The modified CURB-65 also showed good calibration for mortality,

with a Hosmer-Lemeshow test of 4.52 (df=6, P=0.607). The calibration plot is shown in

Supplementary Figure 1b. The AUC for the modified CURB-65 was 0.77 (95% CI: 0.72

to 0.81; Supplementary Figure 2). By incorporating CRP into CURB-65, event NRI was

—0.151 and nonevent NRI was 0.538, giving an overall category-free NRI of 0.387

(95% CI: 0.193 to 0.582, p<0.0001). Further, IDI for events was 0.014 and IDI for

nonevents was 0.001, giving an overall IDI of 0.015 (95% CI: 0.004 to 0.027, p<0.01).

These findings were statistically significant.

Decision curve analysis

Figure 1 demonstrates the decision curves for the CURB-65 and modified CURB-65 to

predict 30-day in-hospital mortality in patients with clinically suspected sepsis. Both the

CURB-65 and the modified CURB-65 are useful between threshold probabilities of 0%

to 30%. However, both curves cross and depict little difference in net benefit. The net

benefits at each point of the CURB-65 score and the modified CURB-65 score are
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shown in Table 4. The comparison of discrimination, calibration, reclassification

metrics and clinical usefulness between CURB-65 and modified CURB-65 are

summarized in Table 5.

To assess the robustness of our findings, we repeated DCA with changing the

cut-off level of serum CRP as 20 mg/L and 70 mg/L, respectively, in sensitivity analyses.

Similarly, we found the additive clinical usefulness of serum CRP was unremarkable.

Discussion

We determined that having high CRP levels was independently associated with high
mortality in our population. We also confirmed geographical and domain validation of
the CURB-65 in our patients, which comprised an external validation in a different
geographical area and in a population including different category of patients from
CAP.*

The utility of serum CRP as a prognostic marker has been found to vary.'? In
Japan, universal health coverage allows people to consult a doctor soon after they

recognize any symptoms, with no particular limitations.”® Given that secretion of CRP

18
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peaks at 36-50 h after inflammatory stimulus,'> serum CRP level might be useful as a
surrogate marker of duration from disease onset to consulting a doctor as well as a
marker reflecting intensity of inflammation. We believe that the association between
serum CRP level and mortality will be more easily identified in countries such as Japan
where the population has easy access to hospitals, due to the wide distribution in
duration from disease onset to visiting a hospital. Although reclassification metrics such
as NRI and IDI were statistically improved on incorporation of CRP level, the additive

clinical usefulness of CRP to the CURB-65 was admittedly limited (Table 5).

Strengths and limitations of the study

A major strength of this study is our evaluation using DCA. To the best of our
knowledge, this is the first study, which examined clinical usefulness of serum CRP and
the CURB-65 score in septic patients using DCA. DCA can take into account risk
threshold, weighting benefits and harms, and is useful in evaluating clinical utility of a
prediction model.”' #**7 For instance, the net benefit of 0.061 at a threshold probability

of 3% in the CURB-65 score can be interpreted as meaning that making a decision

19
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based on the prediction model, compared to assuming that all patients would be alive,
leads to the equivalent of a net 6.1 true-positive results per 100 patients with no
corresponding increase in the number of false-positive results (Table 4).* In our
population, 8.4% overall 30-day in-hospital mortality means a maximum net benefit of
0.084, which is calculated if we use a threshold probability of 0%. There are no
universally accepted criteria on patient's risk threshold for suspected sepsis to make a
decision about patient disposition or therapeutic indication. If we extrapolate the data on
community-acquired pneumonia, low, intermediate and high risk of mortality are
considered to be about 1-2%, 8-9% and 20-30%, respectively.® The ability to make
better decisions with serum CRP than without was considered to be unremarkable in
this range of risk threshold.

Our study is a type of external validation study with model updating to assess
whether serum CRP level has additive value to the CURB-65 or not.* Another strengths
of this study might be our sample size with adequate statistical power for an external
validation study. 33

Several limitations to the present study warrant mention. We cannot rule out the
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possibility of selection bias, as only inpatients who had a blood culture taken were

included. We may therefore have missed patients with infection who did not undergo

blood culture in the ED, and contrarily, some patients without infection were included in

the study. However, clinicians must routinely make decisions in the ED despite being

unsure as to whether or not a patient is actually infected; we therefore considered it

important to evaluate a clinical prediction rule accounting for such clinical uncertainty.

Inclusion of patients without infectious diseases, we feel, reflects a real-world scenario.

Another limitation is the retrospective nature of the study and the fact that it was

conducted in a single hospital. Given the study’s retrospective design, patients with high

CRP might have received more intensive therapy than those with relatively low CRP.

Such bias might have lowered the predictive ability of CRP.

Conclusions

While serum CRP level > 150 mg/L was found to be associated with high mortality, its

additive clinical usefulness to the CURB-65 was limited based on DCA. The CURB-65
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correlated well with 30-day in-hospital mortality in patients with clinically suspected

infection, and it was useful among threshold probabilities in the range of 0% to 30%.

Measurement of serum CRP may contribute little to making decisions regarding the

management of clinically suspected sepsis patients.
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Table 1. Patient characteristics, chief diagnosis for admission, and outcome

Characteristics n=1262
Demographics
Age (years), median (IQR) 76 (64-83)
Female, n (%) 560 (44.4)
Nursing home resident, n (%) 37 (2.9)
Underlying diseases, n (%)
Cerebrovascular disease 156 (12.4)
Congestive heart failure 101 (8.0)
Chronic respiratory disease 155 (12.3)
Chronic kidney disease 100 (7.9)
Chronic liver disease 77 (6.1)
Diabetes mellitus 243 (19.3)
Malignancy 222 (17.6)
Dementia 121 (9.6)
Autoimmune disorder 63 (5.0)
Human immunodeficiency virus positive 3(0.2)
Vital signs
Heart rate (beats/min), median (IQR) 98 (85-156)
Systolic blood pressure (mmHg), median (IQR) 131 (113-150)
Respiratory rate (breaths/min), median (IQR) 20 (18-24)
Body temperature (°C), median (IQR) 38.1 (37.1-39)
Mental confusion, n (%) 215 (17.0)

Laboratory data
White blood cell count (10°/L), median (IQR)
Platelet count (x10%/L), median (IQR)
C reactive protein (mg/L), median (IQR)
Blood urea nitrogen (mmol/L), median (IQR)
Chief diagnosis for admission
Pneumonia
Urinary tract infection

Skin and Soft tissue infection

10.5 (7.6-14.6)
196 (150-256)
72.3 (18.2-149.2)
6.9 (5.0-10.2)

393 (33.6)
188 (16.1)
62 (5.3)
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Acute cholangitis 47 (4.0)
Acute cholecystitis 33 (2.8)
Bowel perforation 21 (1.8)
Other bacterial infection 150 (12.8)
Non-bacterial infection 103 (8.8)
Non-infection 174 (14.9)
Unclear 92 (7.3)
Bacteremia, n (%) 210 (16.6)
30-day in-hospital mortality, n (%) 106 (8.4)

Abbreviation: IQR, interquartile range
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Table 2. Observed mortality and unadjusted odds ratios for mortality stratified by

serum CRP categories

©CoO~NOUTA,WNPE

Observed 30-day ]
10 . Unadjusted Odds
11 Variables mortality, % .

Ratio* (95% CI)

12 (death/total)

14 CRP

17 0.1-19.9 mg/L 4.0 (13/326) 1 [reference]
19 20-69.9 mg/L 6.6 (19/289) 1.7 (0.8-3.5)
21 70-149.9 mg/L 8.7 (29/335) 2.3 (1.2-4.5)

23 > 150 mg/L 14.4 (45/312) 4.1 (2.1-7.7)

26 Abbreviation: CRP, C reactive protein
*Calculated by univariable logistic regression

60 33
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Table 3. Adjusted odds ratios for mortality in multivariable logistic regression

analyses
. Unadjusted Odds Adjusted Odds Missing
Variables . ]
Ratios (95% CI) Ratios* (95% ClI) n, (%)
CRP 2 150 mg/L 2.5(1.6-3.7) 2.0 (1.3-3.1) 28 (2.1)
Age 2 65 years 3.7 (1.9-7.3) 2.3 (1.1-4.6) 0 (0)
Mental confusion 2.9 (1.9-4.5) 2.1(1.3-3.4) 0(0)
Hypotension (SBP < 0 (0)
3.0 (2.0-4.5) 2.1 (1.3-3.2)
90 or DBP = 60 mmHg)
Tachypnea 2.4 (1.5-3.9 21 (1.6
yP ) 3.1(2.0-4.8) ( ) (16)
(RR 2 30/min)
BUN > 7 mmol/L 4.7 (2.9-7.6) 2.7 (1.6-4.5) 0(0)
Overall - - 48 (3.7)

Abbreviation: CRP, C reactive protein; SBP, systolic blood pressure; DBP,

diastolic blood pressure; RR, respiratory rate; BUN, blood urea nitrogen

*Adjusted for items of the CURB-65
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Table 4. Observed mortality, predicted mortality, and net benefit in the CURB-65
and the modified CURB-65*

Observed Predicted Observed
Modified Predicted Net
CURB- 30-day mortality’ Net 30-day
CURB-65 mortality’  benefit
65 score mortality, % (95% benefit* mortality, %
score (95% Cl) % *
(death/total) Cl) % (death/total)
0 1 1
0 0.075 0 0 (0/152) 0.075
(0/190)  (0.7-2.1) (0.6-2.0)
3 3 2
1 0.061 1 2 (7/287) 0.068
(9/334)  (2.0-4.2) (1.6-3.6)
7 5
2 8 (33/409) 0.034 2 6 (23/381) 0.048
(5.2-8.3) (4.0-6.9)
14 11
13 12
3 (11.9-17. 0.015 (9.2-13.3 0.024
(34/254) (32/265)
2) )
28 17 22
4 30 (25/84) (22.5-35. 0.004 (17.7-26.  0.012
(22/129)
2) 3)
39 48 38
(37.060. 0 5 44 (18/41) (29.9-47. 0.005
(7/18)
1) 8)
58
6 57 (4/7)  (45.2-70. 0
4)

* The modified CURB-65 score was made by addition of 1 point if CRP = 150

mg/L.

T Predicted mortality was calculated by introducing the CURB-65 and modified

CURB-65 score as a continuous variable into univariable logistic regression.

T Net benefits were calculated for each predicted mortality as a threshold

probability.
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Table 5. Comparison of discrimination, calibration, reclassification metrics and
clinical usefulness between CURB-65 and modified CURB-65

CURB-65 Modified CURB-65
Discrimination
AUC 0.76 0.77
(95% CI: 0.7210 0.80) | (95% CI: 0.72 to 0.81)
Calibration

Hosmer-Lemeshow test

and calibration plot

good

good

Reclassification
Overall category-free NRI
Overall IDI

0.387 (95% Cl: 0.193 to 0.582, p<0.0001)
0.015 (95% ClI: 0.004 to 0.027, p<0.01)

Clinical usefulness
NB examined by DCA

comparable

Abbreviation: AUC, area under the receiver operating characteristic curve; NRI,

net reclassification improvement; IDI, integrated discrimination improvement; NB,

net benefit; DCA, decision curve analysis
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Figure 1. Decision curves for the CURB-65 and modified CURB-65
(mCURB-65) to predict 30-day mortality in patients with suspected sepsis
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Supplementary Figure 1a. Calibration plot of the CURB-65

O
™
=
R
2o
o
£
= P
B ;
¢ %o
&
° ®
o1 O
T T T T
0 o) 2 3
Predicted mortality
|O observed (proportion) = predicted (proportion)

209x297mm (300 x 300 DPI)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 38 of 43

ybuAdoo Ag pajoslold 1senb Ag 720z ‘LT IHdy uo /wod fwg uadolwa//:dny woiy papeojumod "STOZ [Mdy 82 U0 6¥0.00-#T0Z-uadolwa/oeTT 0T Se paysiignd 1siy :uado (NG


http://bmjopen.bmj.com/

Page 39 of 43 BMJ Open

©CoOoO~NOUITA,WNPE

Supplementary Figure 1b. Calibration plot of the modified CURB-65
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Supplementary Figure 2. The receiver operating characteristics curves of the

CURB-65 and the modified CURB-65
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12 Supplementary Figure 3. The relationship between serum CRP level and

14 mortality; locally weighted scatterplot smoothing (Lowess) curve
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STROBE Statement—checklist of items that should be included in reports of observational studies

Item
No Recommendation

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract
[Within the method section of the abstract page 3]
(b) Provide in the abstract an informative and balanced summary of what was done
and what was found [See results section of abstract page 3-4]

Introduction

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported
[page 5-7]

Objectives 3 State specific objectives, including any prespecified hypotheses [page 7]

Methods

Study design 4 Present key elements of study design early in the paper [Methods page 6]

Setting Describe the setting, locations, and relevant dates, including periods of recruitment,
exposure, follow-up, and data collection [Methods page 6-7]

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of
selection of participants. Describe methods of follow-up [Methods page 6-7]
Case-control study—Give the eligibility criteria, and the sources and methods of
case ascertainment and control selection. Give the rationale for the choice of cases
and controls [N/A]
Cross-sectional study—Give the eligibility criteria, and the sources and methods of
selection of participants [N/A]
(b) Cohort study—For matched studies, give matching criteria and number of
exposed and unexposed [N/A]
Case-control study—For matched studies, give matching criteria and the number of
controls per case [N/A]

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect
modifiers. Give diagnostic criteria, if applicable [page 7]

Data sources/ 8* For each variable of interest, give sources of data and details of methods of

measurement assessment (measurement). Describe comparability of assessment methods if there
is more than one group [page 7]

Bias 9 Describe any efforts to address potential sources of bias [page 6-7]

Study size 10 Explain how the study size was arrived at [page 10]

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable,
describe which groupings were chosen and why [page 7-8]

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding

Continued on next page

[page 7-9]

(b) Describe any methods used to examine subgroups and interactions [N/A]

(c) Explain how missing data were addressed [page 11]

(d) Cohort study—If applicable, explain how loss to follow-up was addressed [page
7-8]

Case-control study—If applicable, explain how matching of cases and controls was
addressed [N/A]

Cross-sectional study—If applicable, describe analytical methods taking account of
sampling strategy [N/A]

(e) Describe any sensitivity analyses [N/A]
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Participants

13*

(a) Report numbers of individuals at each stage of study—eg numbers potentially eligible,
examined for eligibility, confirmed eligible, included in the study, completing follow-up, and
analysed [page 11 and table 1]

(b) Give reasons for non-participation at each stage [N/A]

(c) Consider use of a flow diagram [N/A information in page 11 and table 1]

Descriptive
data

14*

(a) Give characteristics of study participants (eg demographic, clinical, social) and information
on exposures and potential confounders [page 11 and table 1]

(b) Indicate number of participants with missing data for each variable of interest [table 3]

(¢) Cohort study—Summarise follow-up time (eg, average and total amount) [page 11]

Outcome data

15%

Cohort study—Report numbers of outcome events or summary measures over time [page 11
and table 1]

Case-control study—Report numbers in each exposure category, or summary measures of
exposure [N/A]

Cross-sectional study—Report numbers of outcome events or summary measures [N/A]

Main results

16

(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for and
why they were included [page 11-13; table 2 and 3]

(b) Report category boundaries when continuous variables were categorized [page 11-12;
table 2]

(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful
time period [N/A]

Other analyses

Report other analyses done—eg analyses of subgroups and interactions, and sensitivity
analyses [decision curve analysis in page 13; table 4; figure 1]

Discussion

Key results

18

Summarise key results with reference to study objectives [page 13-14]

Limitations

19

Discuss limitations of the study, taking into account sources of potential bias or imprecision.
Discuss both direction and magnitude of any potential bias [page 15-16]

Interpretation

20

Give a cautious overall interpretation of results considering objectives, limitations, multiplicity
of analyses, results from similar studies, and other relevant evidence [page 14-16]

Generalisability

21

Discuss the generalisability (external validity) of the study results [page 15]

Other information

Funding

22

Give the source of funding and the role of the funders for the present study and, if applicable,
for the original study on which the present article is based [N/A]

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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