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ABSTRACT

Background: Physicians generally have higher disease awareness and easier access to medical care, which may help them reduce the risk of developing severe sepsis when they suffer from acute infection. However, the opposite situation may occur due to the presence of potential barriers to health care in physicians.
Objective: To examine the risks of severe sepsis and associated mortality in physicians.
Design: A matched cohort study.
Setting: Registry of medical professionals as well as inpatient and outpatient claims data from Taiwan’s National Health Insurance Research Database.
Subjects: Physicians (n=29,697) in Taiwan and a group of non-medical professionals who were demographically and socio-economically matched (1:1 ratio). All subjects were followed from the January 1, 2000 to the occurrence of severe sepsis, withdrawal, or December 31, 2008, whichever date came first.
Measurements and Main Results: Primary outcome was development of severe sepsis. Secondary outcome was 90-day mortality following severe sepsis. The overall incidence density of severe sepsis was lower in physicians than in controls (3.25 vs. 3.90 per 1,000 person-years, p<0.001). In the Cox regression model, physicians were 24% less likely than controls to develop severe sepsis after baseline covariates were adjusted (adjusted hazard ratio [HR] 0.76, 95% confidence interval [CI] 0.68-0.85). 90-day mortality rates were similar between physicians and controls with severe sepsis (46.5% vs. 45.7%, p=0.72). However, after controlling for the baseline and additional covariates, the risk of death was significantly lower in physicians than in controls (adjusted HR 0.80, 95% CI 0.69-0.93).
Conclusions: These findings support the hypothesis that medical knowledge, higher disease awareness and easier healthcare access in physicians may help reduce their risk of severe sepsis and associated mortality.
Introduction

Severe sepsis, defined as sepsis with acute organ dysfunction,1
 is a medical emergency. It is associated with considerable economic and social burden,2
 accounting for annual deaths as many as those from acute myocardial infarction (AMI).


3
 The disease complexity and the lack of public awareness of sepsis are likely to contribute to delayed recognition and treatment of the syndrome.4
 Therefore, to reduce the disease burden and to improve patient outcomes, critical care societies have initiated the Surviving Sepsis Campaign (SSC), a multi-point action plan including several community- and hospital-based strategies.
 ADDIN EN.CITE 
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 The first action plan of the SSC is to build public awareness of sepsis, which is, however, considered “unlikely to have the same effect as in AMI”4
 in reducing the mortality rate of sepsis in general population due to the complexity of the syndrome.
Physicians are generally believed to have higher awareness of physical symptoms and easier access to medical care, which can be advantageous for them to receive timely treatment while encountering acute, potentially critical illnesses. For example, the lower risk of death from AMI in male physicians has been attributed to their shorter time delay from onset of ischemic symptom to presentation for medical care, as compared to male non-physicians.
7

 Although the same hypothesis seems to be applicable to severe sepsis;
4,5
 the opposite situation may occur because physicians may have individual and systemic barriers to healthcare access.
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 For example, they may have embarrassment in adopting the role of a patient,
9

 and usually continue to work or choose to self-treat when they have acute infections,8

 have long working hours,
10,11
413

 of reducing sepsis mortality in general population. Conversely, if they do not have lower risk, it suggests that the experts’ opinion on the limited effect of raising public awareness of sepsis12

 remains unknown. The answer to the question is important because it has two broad implications: one is related to the occupational safety of physicians, and the other is related to the public health. For instance, if physicians have lower risk of severe sepsis and associated mortality, their risk level may be set as a realistic goal The net effect of the two contrasting hypotheses which may lead to delayed or inappropriate treatment and thus increase the risk of developing severe sepsis and associated mortality.
 may be true. Therefore, we conducted this study to compare the risks of severe sepsis and associated mortality between physicians and non-medical professionals. We hypothesized that physicians have lower risk of severe sepsis and associated mortality than do matched controls.
Materials and Methods

Database
The National Health Insurance program in Taiwan is compulsory and covers all citizens except prison inmates. Study subjects were drawn from the National Health Insurance Research Database (NHIRD),
 released for research purposes by the National Health Research Institute (NHRI), Taipei, Taiwan. The NHIRD covers nearly all (99%) inpatient and outpatient claims for Taiwan’s total population of >22 millions, and is one of the largest and most comprehensive databases in the world. It has been used extensively in various studies including severe sepsis14


15,16
 and physicians’ health.
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 The NHIRD provides encrypted patient identification number, sex, birthday, dates of admission and discharge, medical institutions providing the services, the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnoses (up to five) and procedures (up to five) codes, outcome at hospital discharge (recovered, died or transferred), and fees charged to patients. Information on medical personnel (including physicians and other health care workers) is also available and includes licensed date, specialty, work area, type of employment and encrypted identification number, which can be linked to the aforementioned claims data.
Ethics statement
The review board of the Medical Research Committee in Chi Mei Medical Center approved the study (CMFHR10182) and waived the need for formal ethical approval and written informed consent from the participants because the use of a reimbursement database containing encrypted and transformed data.
Study cohort and definition
The study period of this cohort study was started from January 1 2000 (index date) to December 31 2008. We initially identified 30,134 physicians who had certification before 2000. Non-physician controls, excluding other healthcare workers, were selected from a one-million random sample of beneficiaries in 2000.20 After excluding physicians who had hospitalization for severe sepsis (see definition) between 1997 and 1999 (n=65), the rest were individually matched (1:1) to non-physician controls on sex, year of birth, urbanization (including urban, suburban and rural area) and income level (including high, middle, low and no income defined by insurance premium).14


 These matching variables were chosen to select demographically and socio-economically matched controls. Controls were excluded before matching if they had hospitalization for severe sepsis between 1997 and 1999. Since no matches could be found in 372 physicians, a total of 29,697 matched pairs were included in the analysis.
The definition of severe sepsis was described previously.
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 We validated the criteria of defining severe sepsis, which was based on ICD-9-CM codes for bacterial or fungal infection and acute organ dysfunction.
 ADDIN EN.CITE 
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 These severe sepsis criteria had 83.3% sensitivity and 98.9% specificity.
15

 However, only ICD-9-CM code 584 (excluding 580, 586 and 39.95) was used for acute renal dysfunction in the present study to reduce a potential misclassification of chronic renal failure as an acute episode found in the prior validation study.
15,16

Outcomes
We identified the first admission for severe sepsis between the index date and the last day of 2008 as the primary outcome. All study subjects were followed from the index date to the occurrence of end point, withdrawal from the insurance (usually due to deaths), or December 31, 2008, whichever date came first. Subjects with the last two conditions were considered censored in the analysis. The secondary outcome was 90-day mortality from severe sepsis.
Covariates
Baseline covariates included the aforementioned matching variables, geographic region (categorized as northern, central, southern and eastern Taiwan) and Charlson’s comorbidity index (continuous variable),
 ADDIN EN.CITE 
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 which is a weighted summary measure of clinically important concomitant diseases adapted for use with ICD-9-CM coded administrative databases. To calculate the index, we retrieved information on a study subject’s underlying illnesses from the inpatient and outpatient claims in 1997-1999. Geographic region was included to minimize the potential confounding by differential accessibility and availability of medical care.
Statistics
Continuous variables are described as median (inter-quartile range) due to skewed distribution; discrete ones as counts or percentages. The overall and age-specific incidence densities of severe sepsis were determined under Poisson assumption. Differences between physicians and controls were compared by the Mann-Whitney’s U or the Student’s t test (for continuous variables), as appropriate, and the χ2 test (for discrete ones). Kaplan-Meier failure estimates of severe sepsis were plotted and differences between the two groups were examined by the log-rank test. To assess the hazard ratio of severe sepsis, Cox proportional hazard regression model with paired data was performed, adjusting for the baseline covariates. To examine the hazard ratio of 90-day mortality from severe sepsis, Cox proportional hazard regression model was performed in persons suffering from severe sepsis, adjusting for the baseline and additional covariates. We assessed the potential problem of collinearity among covariates by examining the estimated slope coefficients and standard errors of the mean, and found no such indication. The proportional-hazards assumption was verified using plots of log(-log(survival function)) versus log(time) and Schoenfeld residuals versus time. We tested the interactive effects of group and age on risk of severe sepsis and associated mortality by assessing statistical significance of the interaction term (group × age) included in the regression models. If the interaction was significant, stratified analyses were subsequently performed based on age with a cutoff point at 65 years old. Model performance was assessed by using the Harrell’s c statistic.
We performed a sensitivity analysis treating withdrawal during follow-up period as a competing risk event to assess the risk of severe sepsis. The sub-hazard ratio of competing risk regression was computed using the “stcrreg” command in STATA 12.0, which is based on Fine and Gray's proportional sub-hazards model.24

 Data analysis was conducted using professional statistical packages, SPSS for Windows, version 17.0 (SPSS Inc., Illinois, U.S.A.) and STATA for Windows, version 12.0 (StataCorp LP, www.stata.com). A two-tailed p value of <0.05 was considered significant.
Results

Baseline characteristics
Table 1 shows the baseline characteristics of the study cohort. The median age of physicians was 41 years, the proportion of older persons (≥65 years) was 13.8%, and most were men (90.1%), with high-income level (82.7%), and living in urban areas (71.0%). Nearly half (47.1%) of the physicians lived in northern Taiwan, and the proportion was significantly lower than that of matched controls (59.6%). Median Charlson’s scores were comparable between the two groups.
Primary outcome
Table 2 shows the overall and age-specific incidence densities and relative risks of severe sepsis. The overall incidence density of severe sepsis was lower in physicians than in controls (3.25 vs. 3.90 per 1,000 person-years, p<0.001). The age-specific incidence densities of severe sepsis were 0.92 and 20.25 per 1,000 person-years in younger (<65 years) and older physicians, respectively; the corresponding figures were higher in controls (1.53 and 21.38 per 1,000 person-years, respectively). In the Cox regression model (Harrell’s c = 0.56), physicians were 24% less likely than controls to develop severe sepsis after the baseline covariates were adjusted. Kaplan-Meier failure estimates of severe sepsis between the two groups are shown in Figure 1. A significant interaction was found between group and age (p=0.003). After stratification, the risk differences were greater in younger persons than in older ones (adjusted hazard ratio 0.59 vs. 0.87).
Sensitivity analysis


The percentages of withdrawal during the follow-up period were 4.2% in physicians (n=1,243) and 6.2% in controls (n=1,846). These figures were higher in persons 65 years or older: 17.0% in physicians (n=695) and 19.6% in controls (n=800). In the competing risk regression model, physicians were 20% less likely than controls to develop severe sepsis after the baseline covariates were adjusted (sub-hazard ratio 0.80, 95% confidence interval 0.73-0.87). After stratification by age, the risk difference changed little in younger persons (sub-hazard ratio 0.57, 95% confidence interval 0.48-0.68). However, in older persons, the risk difference attenuated and became statistically insignificant in the competing risk model (sub-hazard ratio 0.92, 95% confidence interval 0.83-1.02).
Characteristics of subjects suffering from severe sepsis
Comparisons between the subjects suffering from severe sepsis are shown in Table 3. Physicians were older by median 2.4 years in age when they developed severe sepsis, compared to controls. Median duration from the index date to severe sepsis admission was similar between both groups (5.2 vs. 5.2 years). Physicians with severe sepsis more commonly had low or zero income and lived in southern Taiwan than controls. The distributions of sex and urbanization as well as the median Charlson’s scores were similar between the two groups. They also had similar distributions of various infection sites and number of organ dysfunction. Most infections occurred in the respiratory and urinary tracts; and most organ dysfunctions occurred in the respiratory, cardiovascular, and renal systems. There was no significant difference in the distribution of organ dysfunction between the two groups, except that acute neurological dysfunction occurred more commonly in physicians than in controls (9.4% vs. 6.7%, p=0.03).

There were some differences in the process of care between physicians and controls with severe sepsis. For example, physicians with severe sepsis were more likely than controls to be treated in medical centers (46.7% vs. 37.3%) and were less likely to be treated in district hospitals (17.6% vs. 25.6%). They also received more dialysis therapies (15.4% vs. 10.2%) and stayed shorter in hospitals than controls (median length of stay 13.0 vs. 20.0 days).
Secondary outcome
The 90-day mortality rates were similar between physicians and controls with severe sepsis (46.5% vs. 45.7%, p=0.72). However, after controlling for the baseline and additional covariates, the risk of death was significantly lower in physicians than in controls (adjusted hazard ratio 0.80, 95% confidence interval 0.69-0.93). No significant interaction was found between group and age on mortality.
Discussion
In this matched cohort study, we found that severe sepsis occurred less and later in life in physicians than in matched non-medical professional controls. The reduced relative risk was greater in younger physicians than in older ones. Moreover, among subjects suffering from severe sepsis, physicians also had a lower risk of death after controlling for potential confounders. These findings support the hypothesis that medical knowledge, higher disease awareness and easier healthcare access in physicians may help reduce their risk of severe sepsis and associated mortality.

Our finding that physicians had lower risk of severe sepsis associated mortality is consistent with a previous report.25
 In a national study on mortality rates and causes among US physicians, Frank and colleagues described that white male physicians had lower rates of death due to pneumonia/influenza and due to bacterial causes compared to other professionals.25
 The present study updates these similar findings and is somewhat novel in that it suggests that lower mortality in the Frank study is likely due to both lower incidence and lower case fatality. It is also novel in the examination of the Taiwanese population, which has near universal coverage and low ethnic/racial diversity.
A lower susceptibility to infection in physicians may be one of the two possible mechanisms which may explain their lower risk of severe sepsis.

26

 However, to the best of our knowledge, there is still no evidence to support this possibility. In this study, we found that the prevalence of chronic diseases was similar between physicians and matched controls (12.9% vs. 12.7%, Table 1). This finding suggests that after controlling the socio-economic status, physicians are not physically healthier than non-physicians. Although physicians may be more aware of the precautionary measures to prevent infection, they often experience high level of job stress,17
 frequently work through illnesses, especially during infection,16 and have a higher prevalence of chronic viral hepatitis,27
 which may weaken their immunity. Moreover, some of the physicians’ health-seeking behaviors, such as self-treatment and informal care,
 ADDIN EN.CITE 
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 may actually threaten their health. Because of a high tendency of treating themselves during acute illnesses,29
 analyses based on only inpatient data of physicians would tend to underestimate physicians’ risk of infection-related hospitalization, especially for non-critical infections.
The other possible mechanism for the lower risk of severe sepsis in physicians is that when infection occurs, the risk of developing acute organ dysfunction is lower in physicians.

26

 This possibility is supported by a recent study showing that the risk of perforation after acute appendicitis, which may lead to severe sepsis, is significantly lower in physicians than in non-medical professionals.12
 While encountering time-critical illnesses, physicians appear to benefit from their medical knowledge, higher disease awareness, and easier access to medical care. This benefit is evidenced by reports showing a lower risk of death from AMI and acute stroke in physicians.
 ADDIN EN.CITE 
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 Similarly, sepsis is an acute life-threatening and time-critical condition
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 known to most physicians
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 but not to most of the general population.4
 Therefore, most physicians should be able to judge whether their acute symptoms of infection are serious and in an urgent need of treatment despite the potential barriers to appropriate medical care.13,14
The finding of a lesser risk reduction of severe sepsis in older physicians than in younger ones may suggest a dose-response relationship of the advantage of being medical professionals. When physicians are getting older and retired from their hospitals or clinics, they may no longer have easier access to medical care as they had previously. In addition, because clinical symptoms of sepsis are often atypical in older people,34
 they may not be able to recognize their physical symptoms as easily as they might be, impeding them from prompt diagnosis and treatment.34
 Therefore, the advantage of being a physician may diminish after getting older. This finding may also imply that the effect of raising public awareness of sepsis is likely to be limited in older people.
In this study, we found that the magnitude of risk difference between older physicians and controls attenuated and became statistically insignificant in the competing risk analysis. This finding suggests that an “informative” censoring of the competing risk event may be present in the Cox proportional hazards regression model.35
 However, the conclusion of this study should not be changed by the results of the competing risk analysis because the difference of the risk estimate between both models was relatively small.
Among the subjects with severe sepsis in this study, the finding of a lower adjusted risk of severe sepsis associated mortality in physicians is interesting and consistent with a previous report.25
 Frank and colleagues described that white male physicians had lower rates of death due to pneumonia/influenza and due to bacterial causes compared to other professionals in the United States.25
 The present study updates these similar findings and is somewhat novel in that it suggests that lower mortality in the Frank study is likely due to both lower incidence and lower case fatality. It is also novel in the examination of the Taiwanese population, which has near universal coverage and low ethnic/racial diversity.
Mechanisms for the mortality difference of severe sepsis between physicians and controls remain to be explored. In this study, the main differences in the process of care between both groups included accreditation level of treating hospitals, frequency of dialysis therapy, and length of hospital stay. To understand the possible mechanisms, we further did three models by adding the above three variables to the covariates separately. We found that the difference of death risk became statistically significant only after adjusting for length of hospital stay, not for accreditation level of treating hospitals or frequency of dialysis therapy. The results, although unexpected, are not surprising because treatment of established organ failures due to severe sepsis is mainly supportive


36
 and a higher intensity of renal support does not reduce mortality in critically ill patients with acute kidney injury.37


 ADDIN EN.CITE ,38
 Therefore, physicians appeared not to benefit from such higher level or more intensity of care for severe sepsis. Conversely, the shorter length of hospital stay in physicians can be beneficial because earlier discharge from the hospital may reduce risk of hospital-acquired infection or other adverse events. It is also likely that physicians with severe sepsis may be admitted and treated earlier, leading to earlier recovery of organ failures and then earlier discharge from the hospital. Nevertheless, the interpretation of this finding is limited because the database has no information on important data regarding the time delay in presentation from sepsis onset to hospital admission, the timing of antibiotic use and source control as well as early goal directed therapy.
Several limitations deserve comments. First, medical profession is only a surrogate measure of knowledge on and awareness of sepsis. Variation in the level of the knowledge is likely present,

32

 which, however, tends to underestimate the observed difference in severe sepsis risk. Second, we could not define the time of infection and organ dysfunction onset during the same hospitalization, which may lead to overestimation of severe sepsis. Conversely, some organ dysfunctions could have been missed due to limited diagnostic codes, which may cause underestimation of the incidence. These potential problems are, however, likely to bias the observed differences toward the null. Finally, variability in patient characteristics and healthcare services could limit its generalizability to other countries although our study is strengthened by the national population-based design.
In conclusion, the study finds that physicians have lower risk of severe sepsis and associated mortality. Some reasons can be hypothesized to explain this as their medical knowledge, higher disease awareness, and easier access to medical care when infection occurs. Specific objective assessment is required to establish any of these factors for lower risk of severe sepsis and mortality in physicians.
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Table 1. Baseline characteristics of physicians and controls

	Variables
	Physicians

(n=29,697)
	Controls

(n=29,697)
	p Values

	Median age (IQR), years
	41 (35-51)
	41 (35-51)
	0.87

	  ≥ 65
	13.8
	13.8
	

	Male
	90.1
	90.1
	1.00

	Income level
	
	
	1.00

	  Zero
	3.5
	3.5
	

	  Low
	11.0
	11.0
	

	  Middle
	2.8
	2.8
	

	  High
	82.7
	82.7
	

	Urbanization
	
	
	1.00

	  Urban
	71.0
	71.0
	

	  Suburban
	22.7
	22.7
	

	  Rural
	6.3
	6.3
	

	Geographic region
	
	
	<0.001

	  Northern
	47.1
	59.6
	

	  Central
	22.4
	16.5
	

	  Southern
	27.9
	21.4
	

	  Eastern
	2.6
	2.4
	

	Median Charlson’s score (IQR)
	0 (0-0)
	0 (0-0)
	0.65

	  0
	87.1
	87.3
	

	  1
	9.4
	8.5
	

	  2
	2.5
	2.9
	

	  ≥ 3
	1.0
	1.3
	


Values are expressed as median (interquartile range, IQR) or percentage.

Table 2. Overall and age-specific incidence densities and relative risks of severe sepsis in physicians and controls
	Variables
	Physicians
	
	Controls
	HR (95% CI)b
	aHR (95% CI)c

	
	No. of

subjects
	No. of events
	Incidence density (per 1,000 person-years) (95% CI)a
	
	No. of subjects
	No. of events
	Incidence density (per 1,000 person-years) (95% CI)a
	
	

	<65 yrs
	25,603
	210
	0.92 (0.80-1.06)
	
	25,607
	343
	1.53 (1.38-1.70)
	0.60 (0.50-0.71)
	0.59 (0.48-0.71)

	≥65 yrs
	4,094
	630
	20.25 (18.70-21.89)
	
	4,090
	648
	21.38 (19.77-23.09)
	0.90 (0.79-1.01)
	0.87 (0.76-0.99)

	Overall
	29,697
	840
	3.25 (3.04-3.48)
	
	29,697
	991
	3.90 (3.66-4.15)
	0.78 (0.71-0.86)
	0.76 (0.68-0.85)


a Based on Poisson assumption.

b Based on Cox proportional hazard regression model with paired data.

c Based on Cox proportional hazard regression model with paired data and adjustment for age, sex, income level, urbanization status, geographic region and Charlson comorbidity score.

CI: confidence interval; HR: hazard ratio; aHR: adjusted harzard ratio.

Table 3. Comparisons between physicians and controls with severe sepsis

	Variables
	Physicians

(n=840)
	Controls

(n=991)
	p Values

	Median age (IQR) at severe sepsis admission, yrs
	78.3 (69.2-83.2)
	75.9 (62.1-81.6)
	<0.001

	Median duration (IQR) from index date to severe sepsis admission, yrs
	5.2 (2.8-7.2)
	5.2 (3.0-7.2)
	1.00

	Male
	97.4
	97.0
	0.60

	Income level
	
	
	<0.001

	  Zero
	18.2
	11.2
	

	  Low
	53.8
	41.8
	

	  Middle
	2.9
	4.8
	

	  High
	25.1
	42.2
	

	Urbanization
	
	
	1.00

	  Urban
	68.9
	68.8
	

	  Suburban
	23.1
	23.2
	

	  Rural
	8.0
	8.0
	

	Geographic region
	
	
	0.001

	  Northern
	45.7
	52.6
	

	  Central
	17.6
	16.1
	

	  Southern
	34.3
	27.1
	

	  Eastern
	2.4
	4.1
	

	Median Charlson’s score (IQR)
	0 (0-1)
	0 (0-1)
	0.91

	  0
	54.5
	53.5
	

	  1
	23.5
	26.3
	

	  2
	13.0
	12.6
	

	  ≥ 3
	9.0
	7.6
	

	Infection sitea
	
	
	

	  Respiratory
	61.5
	61.6
	1.00

	  Urinary tract
	21.0
	23.2
	0.25

	  Intra-abdominal
	7.7
	7.7
	0.96

	  Skin/soft tissue
	4.3
	5.3
	0.29

	  Sepsis/septicemia
	7.4
	8.9
	0.24

	  Others
	16.4
	13.5
	0.08

	No. organ dysfunction
	
	
	0.33

	  1
	67.6
	71.2
	

	  2
	26.8
	23.3
	

	  3+
	5.6
	5.4
	

	Organ dysfunction
	
	
	

	  Neurological
	9.4
	6.7
	0.03

	  Cardiovascular
	28.3
	26.9
	0.51

	  Respiratory
	73.7
	73.0
	0.72

	  Renal
	13.6
	15.0
	0.37

	  Hepatic
	6.3
	6.5
	0.90

	  Hematologic
	5.8
	5.3
	0.65

	  Metabolic
	1.4
	1.2
	0.68

	Level of treating hospitals
	
	
	<0.001

	  Medical center
	46.7
	37.3
	

	  Regional hospital
	35.7
	37.0
	

	  District hospital
	17.6
	25.6
	

	Life-support measures
	
	
	

	  Intensive care
	69.4
	67.9
	0.49

	  Duration of ICU stay, d
	7.0 (3.0-17.0)
	7.0 (3.0-17.0)
	0.77

	  Vasopressors
	58.1
	55.6
	0.28

	  Dialysis
	15.4
	10.2
	0.001

	  Mechanical ventilation
	69.5
	68.9
	0.78

	  Duration of MV, d
	7.0 (2.0-20.0)
	8.0 (2.0-21.0)
	0.79

	Length of hospital stay (IQR), d
	13.0 (5.0-37.8)
	20.0 (10.0-46.0)
	<0.001

	90-day mortality
	46.5
	45.7
	0.72


Values are expressed as median (interquartile range, IQR) or percentage.

a Patients might have more than one site of infection.

Models for 90-day mortality

	Covariates
	Adjusted HR

	Baseline 
	1.05 (0.92-1.21)

	Baseline + additional (without level/HD/LOS)
	1.04 (0.90-1.20)

	Baseline + additional (with level)
	1.09 (0.94-1.26)

	Baseline + additional (with HD)
	1.01 (0.88-1.17)

	Baseline + additional (with LOS)
	0.81 (0.70-0.94)

	Baseline + additional (with level/HD)
	1.06 (0.92-1.22)

	Baseline + additional (with level/LOS)
	0.84 (0.72-0.97)

	Baseline + additional (with HD/LOS)
	0.78 (0.67-0.90)

	Baseline + additional (with level/HD/LOS)
	0.80 (0.69-0.93)


Level=hospital level

Figure 1 Comparisons of Kaplan-Meier failure estimates of severe sepsis between the two groups
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