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Abstract

Purpose: Sepsis remains amongst the most common causes of death worldwide. It has been 

described as a disease of the elderly, but contemporary data on risk factors and mortality is 

lacking.

Materials and methods: Multi-center longitudinal cohort study using non-public, state of 

California data from January 1, 2008 to September 31, 2015. Patients with sepsis, severe sepsis, 

and septic shock were identified using ICD-9-CM diagnosis and procedure codes with age 

subgroups of 18–44, 45–64, 65–74, 75–84, and >85 years old. Descriptive statistics and a single 

direct logistic regression model were used to present data on incidence and mortality and to 

identify independent factors associated with mortality.

Results: Of 30,282,159 total inpatient encounters, 20,358,569 met inclusion criteria and 

1,566,306 met sepsis criteria. Conditions associated with mortality included metastatic cancer, 

age, liver disease, residing in a care facility, and a gastrointestinal source of infection as well as 
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fungal infection. Mortality in the >85-year-old subgroup with septic shock was 45.7%, lower than 

previously reported.

Conclusion: Age remains an important sepsis risk factor, but other conditions correlated more 

closely with sepsis-associated death. Patients over 85 years of age suffering from septic shock may 

have a better chance of survival than previously thought.
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1. Introduction

Sepsis, a life-threatening condition defined by a dysregulated host response to infection [1], 

remains one of the largest contributors to health loss worldwide [2]. Sepsis is associated 

with greater than 11 million deaths worldwide and accounts for a significant portion of 

global healthcare expenditures, with more than $24 billion dollars spent on sepsis-associated 

care in the United States alone in 2017. [2–6]. It is estimated that one third of patients 

who die in the hospital carry a diagnosis of sepsis [7,8]. Several studies have indicated 

that the incidence of sepsis is increasing [9], although a recent global study found the age 

standardized incidence to be declining [2].

Sepsis has been described as a disease of the elderly, with prior research showing over 

60% of sepsis cases occurring in patients over the age of 65 [10]. In addition to the high 

incidence, sepsis-related mortality has been reported to be almost 80% in patients above 

80 years of age admitted to the intensive care unit (ICU) [11,12]. While such studies have 

shown particularly poor outcomes in elderly patients, in the past few decades only few 

large epidemiologic studies on this topic that have been performed. Such information is 

particularly relevant given that the proportion of persons over the age of 65 worldwide has 

increased from 6% in 1990 to 9% in 2019, and is estimated to rise to 16% by 2050 [13].

Because the current incidence and outcome in this expanding population are not well-

described, but may inform healthcare planning on an individual and systems level, we 

sought to quantify the incidence and outcomes related to sepsis across diverse age groups 

over an eight-year period, using a statewide database.

2. Methods

We performed a multi-center retrospective longitudinal cohort study of inpatient discharges 

from all non-military licensed acute care hospitals in the state of California between January 

1, 2008 and September 31, 2015 (quarter 3), using non-public data from the Office of 

Statewide Health Planning and Development (OSHPD), which included overall California 

census data [14]. As ICD-10 codes were used after September 31st, 2015, data from the 

final quarter of 2015 (October 1st – December 31st) describing the number of Californians 

and admissions with sepsis was estimated based on the preceding 3 quarters. Patients who 

were less than 18 years of age, lacked a valid patient identifier, were admitted for non-acute 

care, or had a length of stay longer than 365 days were excluded. Sepsis visits were 
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identified and classified into sepsis, severe sepsis, and septic shock based on previously 

validated methodology, using up to 25 discharge diagnoses and 20 procedure codes (ICD-9) 

[7]. Patients’ demographic, population, and dispositional data were also obtained from 

the OSHPD database. Chronic health information was procured from components of the 

Charlson Comorbidity Index (CCI), also abstracted from the OSHPD database. We use the 

term “sepsis syndrome” as a collective term to describe a patient with sepsis, severe sepsis, 

or septic shock throughout this manuscript.

2.1 Data analysis

Demographic and baseline characteristics of our dataset are provided as patient encounters 

between 2008 and 2015 divided into the following groups: 18–44, 45–64, 65–74, 75–84, 

>85 years, and all ages. The incidence of sepsis by age group from 2008 to 2015 is 

provided per 1000 hospital admissions and overall California population (per 1000 adult 

population). In-hospital mortality rate (per 1000 admissions) and population mortality 

rate (per 10,000 adult Californians) are provided as a function of the above age groups. 

Admission and discharge locations are provided as aggregate data based on the same age 

groups. Descriptive statistics are used as indicated. Due to such a large sample size, all 

population comparisons were considered statistically significant, and are not presented with 

a p-value.

A single, direct logistic regression model was developed using visit as the unit of analysis to 

determine the independent association of each factor with hospital mortality. The selection 

of factors was based on clinical relevance and previously published research, given the 

available data from OSHPD. These factors included patient age in years (<65, ≥65), 

male gender, number of failed organs (0, 1, 2, ≥3), route of admission (skilled nursing 

facility (SNF) or intermediate care (IC)), primary and/or secondary diagnoses of myocardial 

infarction, congestive heart failure, dementia, liver disease, diabetes, renal disease and 

metastatic carcinoma, site of infection (respiratory, central nervous system, gastrointestinal, 

urinary, and skin/soft tissue), and cause of infection (gram-positive, gram-negative, other 

bacteria, fungi, multiple, or none of the above). All factors were entered into the model 

regardless of bivariate association with the outcome and were used as categorical variables, 

with the first category serving as the reference. Multi-co-linearity diagnostics were assessed 

for the model and co-linearity was not found to be a significant issue. Variance inflation 

factor (VIF) values for all variables were found to be acceptable, ranging from 1.0 to 2.2. 

Adjusted odds ratios and 95% confidence intervals are reported for each factor. An alpha 

level equal to 0.05 was used for interpretation of statistical significance for all statistical 

analyses. Missing data for all variables were minimal (<0.1%), and patient encounters with 

missing data were excluded. All statistical analyses were conducted using the IBM SPSS 

Statistics 26.0 software package (IBM Corp., Armonk, NY). This study was reviewed and 

approved by the Institutional Review Board of the University of California San Francisco.

Wardi et al. Page 3

J Crit Care. Author manuscript; available in PMC 2022 March 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



3. Results

3.1. Baseline characteristics of study population

We identified a total of 30,282,159 recorded admissions to acute care facilities from January 

1, 2008 to September 31, 2015 in the state of California. After applying exclusion criteria, 

we identified 20,358,569 patient encounters, of which 1,566,306 (7.6%) had a sepsis 

syndrome recorded during their admission. “Sepsis” was present in 25.9%, “severe sepsis” 

in 52.6%, and “septic shock” in 21.5% of these patients (Table 1). Diabetes (37.3%), renal 

disease (30.4%), and chronic pulmonary disease (27.8%) were the most prevalent underlying 

comorbidities.

3.2. Sepsis culture data and site of infection of study population

Gram-negative infections (27.4%) were more prevalent than gram-positive infections 

(20.0%). Fungi were identified in 3.0% of cases. However, 53.9% of all septic patients 

did not have a causative organism identified. The most common overall site of infection was 

the genitourinary tract (38.5%) followed by the respiratory system (31.1%) (Table 2).

3.3. Sepsis incidence over time

The overall incidence of a sepsis diagnosis increased from 5.42 cases per 1000 adult 

residents of California in 2008 to 9.2 cases per 1000 adult residents in 2015, a 69.0% 

increase over the 8-year study period (Fig. 1a). Although there was a rise in all categories 

of sepsis, the largest change in incidence occurred in patients with severe sepsis, which 

increased by 85.2% over our 8-year study period. The proportion of admitted patients with a 

sepsis syndrome increased from 55.6 per 1000 admitted patients in 2008 to 106.8 per 1000 

in 2015, an increase of 92.2%. We also found that the incidence of severe sepsis showed 

the greatest increase in proportion to admitted patients, from 28.0 to 59.1 per 1000 admitted 

patients, an increase of 110.7%. (Fig. 1b).

3.4. Incidence as a function of age

While patients 65 years and older represented only 15–17% of the population in California 

during 2008–2015, they comprised 60.4% of all admissions with sepsis syndromes (50% 

of sepsis, 64.6% of severe sepsis, and 62.7% of septic shock admissions). In 2015, patients 

greater than 84 years old were 30.6 times more likely to be hospitalized with a sepsis 

syndrome than patients 18–44 years old, and 8.5 times more likely than patients 45–64 

years old. Though the youngest group (18–44 years) showed the lowest incidence of sepsis, 

this group showed the highest overall increase of 155.2% (from 17.8 cases in 2008 to 45.3 

in 2015 per 1000 admissions), with the relative increases highest in sepsis (197.5%) and 

severe sepsis (145.3%) (Fig. 1b). Patients 18–44 years old also had a high prevalence of 

comorbidities, 62.7% had a CCI of at least of 1, and 24.7% had a CCI of 3 or greater. The 

lowest relative increase in the incidence of any type of sepsis syndrome (per population and 

per admission) was seen in patients 85 years and older (Fig. 1a and b).
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3.5. Mortality associated with sepsis

Between 2008 and 2015, 15% percent of all patients with a sepsis syndrome did not survive 

to hospital discharge. Mortality related to sepsis was 2.0% for those with sepsis, 12.3% 

for those with severe sepsis, and 37.4% for those with septic shock over the study period. 

In 2008, the mortality rate for patients hospitalized with a sepsis syndrome was 19.9%; in 

2015, the rate decreased to 11.8%. All age groups saw significantly reduced mortality from 

2008 to 2015, with the largest percentage drop in patients in the 18–44 age group (a 58.7% 

decrease, Fig. 1d and Supplementary Table S1). Patients 65 years and older saw a decrease 

in mortality from 22.8% to 14.4%. After stratification into different categories of sepsis, we 

found that starting in 2009, no age group had a sepsis-related mortality rate greater than 50% 

(Supplementary Table S1).

The overall mortality rate with a sepsis-associated diagnosis was largely static from 2008 

to 2015, ranging from 10.4 deaths per 10,000 adults in California (2012) to 10.8 deaths 

per 10,000 adults in California (2009) (Fig. 1c). Likewise, when the mortality rate in 

California was stratified by age, there was minimal change in the number of deaths per 

10,000 adult California population between 2008 and 2015 within age groups (Fig. 1c). 

However, advanced age was significantly associated with higher rates of death per adult 

California population.

3.6. Factors associated with mortality

We performed a multivariate logistic regression of the overall study population to determine 

characteristics that conferred an increased likelihood for sepsis-related mortality. Factors 

associated with increased mortality included: 1) increasing presence of organ failure (OR 

24.28 for ≥3 organs, 8.79 for 2 organs, 3.32 for 1 organ), 2) metastatic carcinoma (OR 3.04), 

3) age above 65 years (OR 1.82), 4) infection caused by fungi (OR 1.63) or unknown cause 

of infection (culture-negative, OR 1.58), and 5) presence of liver disease (OR 1.57) (Table 

3).

3.7. Admission route and discharge disposition

Most patients admitted with a sepsis syndrome came from home (77.9%), followed by 

skilled nursing facilities or intermediate care (11.4%), acute inpatient hospital care (5.9%), 

and residential care facilities (2.2%), indicating a trend that was mirrored in each sepsis 

subtype. With increasing age, the rate of admission from home decreased, from 88.8% in the 

youngest group to 68.9% in the oldest group, while admissions from skilled nursing facility 

or intermediate care increased from 3.1% to 18.5%, respectively (Fig. 2a and b). Overall, 

patients with admissions for any sepsis syndrome were discharged home (33.3%), to skilled 

nursing facility or intermediate care (25.9%), to home health services (15.9%), to acute care 

within the hospital (4.7%), or to residential care facilities (0.9%) while 15% died in the 

hospital and 1.3% left against medical advice. A similar distribution was observed in each 

of the sepsis subtypes. Increasing age dramatically affected disposition: the youngest group 

was discharged home in 61.0% of cases, compared to 16.3% of the patients >85 years old. 

Discharge to skilled nursing facility or intermediate care disposition occurred in 7.7% of 

patients in the 18–44 group and 37.3% of patients >85 years old (Fig. 2b). As the severity 

of sepsis increased, discharge to home also decreased: In the youngest group, discharge to 
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home decreased from 73.1% for those with sepsis to 37.3% for those with septic shock. In 

the oldest group, discharge to home decreased from 25.3% for those with sepsis to 6.7% for 

those with septic shock.

4. Discussion

In this study, we evaluated a large administrative database including 1,566,306 septic patient 

hospitalizations in California between 2008 and 2015. Our major findings are that: 1) sepsis 

remains a disease disproportionately affecting the elderly; 2) while the overall incidence 

of sepsis rose during our study period, sepsis-related mortality fell; and 3) the overall 

mortality rate within age groups in California associated with sepsis remained constant. 

In-hospital mortality was associated with age but also with comorbidities, such as advanced 

cancer and liver disease. As expected, overall organ failure as a marker of disease severity 

was significantly associated with death. As compared to gram-positive infections, fungal 

infections were associated with higher mortality rates, as were culture-negative infections. 

Importantly, despite age being a risk factor for death, the mortality of patients with septic 

shock who were over 85 years of age was much lower than previously reported [12] and the 

percentage of all septic people over 85 discharged to home was above 20%.

Sepsis remains an international problem and is responsible for approximately 20% of deaths 

worldwide [2]. While low-income countries are disproportionately affected, recent data 

suggest that survival is increasing across the globe. Additionally, the United Nations has 

estimated that persons >65 years old will nearly double in the next 30 years. Thus, care 

of septic patients older than 65 is an important international subject. Data from Taiwan 

found a decrease in mortality in elderly patients, and in particular, a 22% decrease in 

patients older than 85 years old from 2002to 2012 [21]. However, it is uncertain if our 

data apply to countries with healthcare systems, resources, and income levels distinct from 

the United States. Future investigations that inform care of elderly patients are indicated to 

help healthcare providers better treat for such patients and provide appropriate prognostic 

information to patients and families.

We identified a significant increase in the incidence of sepsis in relation to the general 

California population and in patients admitted to an acute care facility in California. An 

aging population in California may explain some of this trend given the higher incidence 

of sepsis in the elderly. Higher rates of comorbidity, greater reliance on healthcare services, 

awareness of sepsis, and changes in administrative coding practices may also contribute 

to our findings showing an increase in sepsis incidence [7,15,16]. The possibility of 

“upcoding” simple infections to sepsis in order to maximize reimbursement, which has been 

previously reported, cannot be excluded [17].

Interestingly, the age group with the largest relative increase in sepsis diagnoses over time 

was the younger age group (age 18–44 years). While speculative, this somewhat unexpected 

observation could be explained by heightened awareness of possible sepsis, even in the 

younger population [9,10]. However, it is of note that this age group had a significant 

number of various comorbid conditions: 62.7% had CCI ≥ 1 and 24.7% had CCI ≥ 3. 

Additional work is merited to further investigate this unexpected finding.
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Sepsis-related mortality decreased over the reporting period. This has been noted in other 

epidemiologic studies evaluating sepsis, as well as randomized controlled trials over the 

past few decades [18–20]. The sepsis mortality rate per California population, however, 

remained constant and is likely explained by the increased rate of diagnosis of sepsis in this 

population. This finding argues that an increase in the identification of sepsis, potentially 

those with more subtle signs of infection, less ill patients, or aggressive administrative 

coding, may be responsible for the improved hospital mortality rate by inflating the 

denominator. Despite the increasing incidence in the younger population, age remains an 

important factor when considering the overall likelihood of death from sepsis. Patients older 

than 85 years were 30.6 times more likely to develop sepsis than patients within the ages of 

18 and 44, a finding that is consistent with that of a recently-published large epidemiologic 

study [21]. When considering the prognosis in the elderly septic patient, it is noteworthy 

that that mortality associated with septic shock in patients over the age of 85 was less than 

50% in our study, contrasting prior studies that demonstrated greater than 80% mortality in 

patients older than 80 years [5]. Whether this decrease in mortality represents more modern 

care or an increased rate of diagnosis in non-fatal cases remains uncertain [8].

When assessing other predisposing conditions associated with sepsis mortality, we found 

that a history of metastatic carcinoma and liver disease had the most significant mortality 

association. Our data indicate that, in contrast to a prior study [10], a history of metastatic 

carcinoma had a higher association with death, as compared to age. Advanced cancer has 

been identified as a major cause contributing to death in patients with sepsis despite optimal 

care [22,23]. The increased survival of cancer patients in the past few decades due to 

advances in therapy may have contributed to our findings [24].

The lower-than-expected mortality in patients over 85 years of age, and the importance of 

pre-existing factors such as metastatic cancer and liver disease, as well as disease-related 

organ failure, provide crucial prognostic information. While prior data suggested that a 

diagnosis of septic shock in patients over 80 years was a terminal condition in itself, 

our findings indicate that the presence of organ failure or metastatic cancer influence 

outcome to a much greater extent than age. The importance of additional inquiries into 

the optimal care of the elderly septic patient is emphasized by our findings that suggest 

that the aggressiveness of interventions performed is only partially determined by a patient’s 

advanced age.

The majority of patients with sepsis syndromes are still admitted from and discharged to 

home, but this number decreases precipitously in older age groups in our study, which is 

consistent with prior reports [25]. Conversely, admissions from and discharges to nursing 

home and intermediate care facilities increase substantially with age. Taken together, these 

data suggest that an increasing number of patients diagnosed with sepsis are no longer able 

to maintain healthy lives outside of the institutional setting, which may be an important 

factor when discussing prognosis with patients and families. While our data do not speak to 

the quality of life after discharge from the acute care hospital, they do suggest that health 

systems should focus attention on postacute care facilities as part of sepsis management 

strategies across an extended continuum of care in the institutional context.
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5. Limitations

As data were accessed from a statewide database, notable limitations include a small 

proportion of invalid patient identifiers, the absence of federal health care facilities, and 

lack of other important patient and visit characteristics, including urgency, access to primary 

care, and cost. The Centers for Disease Control and Prevention recently have advocated 

for the use of clinically-based definitions of sepsis; our definition of sepsis, severe sepsis, 

and septic shock was based on administrative data based on physician coding, which is 

most likely clinically-based but could be informed by other methods of diagnosis as well 

[7]. As ICD-10 codes were used after September 31st, 2015, the incidence of sepsis was 

estimated for the final quarter of 2015. We acknowledge that data from ICD-10 codes may 

change some of the results with newer data. Additionally, since we examined mortality in 

hospitalized patients in California only, our data may not have captured patients who expired 

at home or in another state. We acknowledge our results are from a specific region of the 

United States and may not apply to other countries or settings, which may have different 

availability of resources, practice patterns, or access to healthcare.

6. Conclusion

While age and comorbidities were associated with an increased risk for developing sepsis, 

pre-existing conditions other than age had higher odds ratios for sepsis-associated death. 

Patients over the age of 85 with septic shock may have a better chance of survival and higher 

rates of discharge to home than previously believed.
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Fig. 1. 
(a) Incidence of sepsis per 1000 adult California population by year, stratified by age group. 

(b) Incidence of sepsis per 1000 adult hospital admissions by year, stratified by age group. 

(c) Deaths associated with sepsis per 10,000 adult California population by year, stratified 

by age group. (d) Mortality rate of septic patients by year, stratified by age group.
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Fig. 2. 
(a) Admission source for patients hospitalized with a diagnosis of sepsis, stratified by age 

group. (b) Discharge location for patients hospitalized with a diagnosis of sepsis, stratified 

by age group.
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Table 3

Independent risk factors for sepsis mortality in multivariate logistic regression analysis.

95% Confidence Interval

Characteristics OR Lo Hi

Age ≥65 1.82 1.80 1.84

Male 0.89 0.88 0.90

Number of Failed Organs (0 Reference)

1 3.32 3.25 3.39

2 8.79 8.62 8.97

≥ 3 24.28 23.79 24.78

Route of Admission SNF/IC 1.32 1.31 1.34

Myocardial Infarction 1.31 1.29 1.32

Congestive Heart Failure 1.21 1.20 1.23

Dementia 1.07 1.05 1.09

Liver Disease 1.57 1.55 1.60

Diabetes 0.80 0.79 0.81

Renal Disease 0.70 0.69 0.71

Metastatic Carcinoma 3.04 2.99 3.10

Site of Infection Respiratory 1.23 1.21 1.24

Site of Infection Central nervous system 1.07 1.01 1.13

Site of Infection Gastrointestinal/abdominal 1.44 1.42 1.46

Site of Infection Urinary (including Genital) 0.68 0.67 0.69

Site of Infection Skin and soft tissues 0.72 0.71 0.74

Cause (Gram Positive reference)

Cause Gram Negative 0.85 0.83 0.87

Cause Other Bacteria (including Anaerobes) 0.88 0.82 0.94

Cause Fungi 1.63 1.57 1.69

Cause Two or more of above 1.03 1.00 1.06

Cause None of the Above 1.58 1.55 1.60
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