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ABSTRACT

ObjeCtives
To determine whether late mortality after sepsis is 
driven predominantly by pre-existing comorbid 
disease or is the result of sepsis itself.
Deign
Observational cohort study.
setting
US Health and Retirement Study.
PartiCiPants
960 patients aged ≥65 (1998-2010) with fee-for-service 
Medicare coverage who were admitted to hospital with 
sepsis. Patients were matched to 777 adults not 
currently in hospital, 788 patients admitted with 
non-sepsis infection, and 504 patients admitted with 
acute sterile inflammatory conditions.
Main OutCOMe Measures
Late (31 days to two years) mortality and odds of death 
at various intervals.
results
Sepsis was associated with a 22.1% (95% confidence 
interval 17.5% to 26.7%) absolute increase in late 
mortality relative to adults not in hospital, a 10.4% 
(5.4% to 15.4%) absolute increase relative to patients 
admitted with non-sepsis infection, and a 16.2% 
(10.2% to 22.2%) absolute increase relative to patients 
admitted with sterile inflammatory conditions 
(P<0.001 for each comparison). Mortality remained 
higher for at least two years relative to adults not in 
hospital.
COnClusiOns
More than one in five patients who survives sepsis has 
a late death not explained by health status before 
sepsis.

Introduction
Sepsis, an inflammatory response to infection, is a lead-
ing cause of admission to hospital in the developed 

world.1 2  While mortality in hospital is falling,2-5 longer 
term mortality after sepsis has remained high as many 
patients die in the subsequent months.6 Some argue 
that this late mortality is simply a reflection of the 
underlying comorbidity burden of patients who develop 
sepsis, whereas others argue it is the result of sepsis 
itself.7-10

Previous studies have provided evidence on both 
sides of the debate. Several studies explicitly assert that 
late mortality after critical illness is largely because of 
pre-existing comorbid disease.7 8 Quartin and col-
leagues, however, showed that risk of mortality 
remained higher for up to five years after sepsis, even 
compared with carefully matched controls in hospital 
with similar burden of comorbidity at baseline.10  
 Quartin and colleagues, however, assessed patients 
admitted to hospital in the mid-1980s—before the devel-
opment of a consensus definition for sepsis11  and before 
widespread improvements in recognition and treat-
ment of sepsis2-5—and were able to account for only a 
limited number of potential confounders. Because of 
the limitations of existing literature, experts have 
recently called for additional epidemiological studies of 
late mortality attributable to sepsis that use patient 
level data to deal with confounding.12

To guide the development of future treatments, we 
measured the excess late (31 days to two years) mortal-
ity directly attributable to sepsis—and not to the comor-
bidities and sociodemographic factors that predispose 
one to developing sepsis. We looked at patients with 
sepsis compared with three control groups: adults not 
currently in hospital, patients in hospital with non-sep-
sis infection, and patients in hospital with an acute 
sterile inflammatory process. These comparisons 
allowed us to determine the excess mortality associated 
with sepsis (including that associated with admission 
to hospital) and the incremental excess mortality asso-
ciated with sepsis, beyond what is associated with 
admission for the two cardinal features of sepsis11 13 14: 
infection (by comparing sepsis with inflammatory con-
ditions not caused by infection) and inflammation (by 
comparing sepsis with infections without evidence of 
inflammatory storm).

We examined an ongoing longitudinal prospective 
cohort, in which we could assess the health of a 
national sample of older Americans independent of 
whether they were admitted to hospital for sepsis. This 
allowed us to assess not just traditional risk factors for 
sepsis but also a range of potential confounders.

Methods
study population
We studied participants in the US Health and Retire-
ment Study (HRS), a longitudinal survey of 37 000 adults 

WhAT IS AlReAdy knoWn on ThIS TopIC
Numerous observational studies have shown a high rate of later mortality in people 
who survive an episode of sepsis
It is unclear whether late mortality after sepsis is driven predominantly by pre-
existing comorbid disease or is also the result of sepsis itself

WhAT ThIS STudy AddS
More than one in five older patients who survives sepsis has a late death not 
explained by pre-sepsis health status
Sepsis was associated with a 22% absolute increase in late mortality relative to 
adults not in hospital, a 10% absolute increase relative to patients admitted to 
hospital with non-sepsis infection, and a 16% absolute increase relative to patients 
admitted with sterile inflammatory conditions
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aged over 50 in 23 000 households.15  The study uses a 
multistage probability sample to identify participants.15  
The socioeconomic and racial distribution of the cohort 
is broadly representative of the older US population.16-18 
The cohort is interviewed every two years with a fol-
low-up rate consistently over 90%.15 Survey questions 
focus on wealth, health, cognition, and employment. 
Data are also linked to federal health insurance (Medi-
care) claims.15 Participants provide informed consent on 
enrollment in HRS and again for linkage to Medicare 
insurance claims.

We considered Medicare beneficiaries aged ≥65 who 
took part in at least one survey during 1998-2008 for 
inclusion in the study. We excluded younger beneficia-
ries as Medicare is available only to select people aged 
<65 (for example, certain younger people with disabili-
ties and people with end stage renal disease). We also 
excluded participants enrolled in Medicare Advantage 
Plans (managed care plans administered by private 
health insurance companies) as Medicare does not 
require claims for these beneficiaries.

Patient involvement
Patients were not involved in the study design, recruit-
ment, or conduct of the study. Key results of studies 
involving HRS are disseminated back to participants 
through a newsletter twice a year. Patients were not 
involved in the development of the research question or 
outcome measures.

study cohorts
We identified four study cohorts. The primary cohort 
was patients admitted to hospital with sepsis. The com-
parison cohorts were adults not currently in hospital, 
patients admitted with non-sepsis infection, and 
patients admitted with an acute sterile inflammatory 
condition (“sterile inflammation”). Appendices 1 and 2 
give more detailed descriptions of the matching process 
(using hypothetical data). In addition, we present Stata 
code for matching patients with sepsis to adults not in 
hospital in appendix 3. Fig A in appendix 4 shows a 
conceptual diagram and explanation of our matching 
approach. Details of the study cohort definitionare in 
table A in appendix 5.

We considered only a first admission to hospital after 
each HRS survey to determine a patient’s eligibility in 
the cohorts, so that the propensity score (using vari-
ables from the HRS survey and described below) would 
accurately reflect a patient’s pre-illness status.

The cohort not in hospital consisted of adults who 
had not yet been admitted to hospital in the interval 
from HRS survey to the day on which they were matched 
to a patient with sepsis—but no exclusions were placed 
on this cohort having been admitted before the HRS sur-
vey or after the date of matching. Similarly, patients in 
the sepsis, non-sepsis infection, and sterile inflamma-
tion cohorts could have other types of admissions either 
before the HRS survey or after the index admission. To 
prevent individual patients from being double counted 
within any comparison (due to having multiple first 
admissions, for example, after 2004 and 2006 surveys), 

we selected at random one admission (or time not in 
hospital) per patient for each comparison. We also car-
ried out a sensitivity analysis including all first admis-
sions after an HRS survey.

Following the procedure of Angus and colleagues, we 
defined admissions with sepsis by synchronous ICD-9 
(international classification of diseases, ninth revision) 
CM codes for infection and acute organ dysfunction, or 
explicit coding of severe sepsis or septic shock1 19  (see 
table A in appendix 5). This reflects the third interna-
tional consensus definition that sepsis is “life-threaten-
ing organ dysfunction caused by a dysregulated host 
response to infection”20  or what the previous sepsis 
definition conceptualized as “severe sepsis.”14 We did 
not require explicit sepsis codes because they were not 
introduced until 2002, after the start of our study.

We defined non-sepsis infection as admissions with a 
principal ICD-9-CM code for infection and no secondary 
codes for sepsis or acute organ dysfunction. We defined 
sterile inflammation as admissions with a principal 
code for traumatic injury, fracture, burn, pancreatitis, 
inflammatory bowel disease, or connective tissue dis-
ease, with no secondary code for infection or sepsis. 
This definition reflects the concept of non-infectious 
systemic inflammatory response described in the 1992 
and 2001 consensus definitions of sepsis.11 13 14

Propensity matching
At the time of each HRS survey, we used multiple logis-
tic regression to estimate each participant’s risk of hav-
ing a hospital admission for sepsis in the next two 
years. We selected each predictor variable based on pre-
vious research or clinical experience suggesting it is an 
important risk factor for sepsis. We abstracted (or calcu-
lated) the following predictors from HRS survey and 
linked Medicare data: self reported race and ethnicity, 
partnership status (married or part of a couple), limita-
tions of five activities and six instrumental activities of 
daily living (I/ADLs), self rating of health on a 5 point 
Likert scale, body mass index (BMI), wealth (sum of all 
assets and debts) standardized to 2013 $ using the 
annual gross domestic product price index,21  previous 
or current use of food stamps (a government assistance 
program for low income families and individuals), resi-
dence in a nursing home, 17 Charlson comorbidities,22 23  
admissions to hospital in the previous year, and admis-
sions for sepsis in the previous year. Limitations of 
activities and instrumental activities of daily living, self 
reported health, government assistance, and BMI were 
missing in 7.1%, 0.1%, 0.1%, 0.6%, and 1.3%, respec-
tively, and these values were imputed with multiple 
imputation with chained equations and five imputa-
tions.24 The remaining covariates were present for all of 
the study population. We considered select interactions 
and non-linear forms based on a priori knowledge of 
the relations between the predictors and the likelihood 
of developing sepsis.

We matched patients in the sepsis cohort 1:1 to those 
in the non-sepsis infection and sterile inflammation 
cohorts by age at hospital admission, sex, and centile 
of risk for admission for sepsis in the next two years 
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 (propensity score) using coarsened exact matching.25 
We examined the balance of each covariate between 
the sepsis and comparison cohorts using χ2 and t tests, 
as appropriate, without consideration of any outcome 
variable. We then re-matched the sepsis and compari-
son cohorts including any covariates that were unbal-
anced on the initial match. We then re-examined each 
covariate to ensure adequate balance between the 
 sepsis and comparison cohorts before examining 
any results.

We also matched patients in the sepsis cohort 1:1 to 
those in the adult cohort not in hospital, again using an 
iterative process to ensure covariate balance. As there is 
no age at hospital admission for adults not in hospital, 
however, we instead matched on age at last HRS survey, 
sex, centile of risk of developing sepsis, and number of 
days (rounded to nearest seven) since the last HRS survey.

Outcomes and statistical analysis
Our principal outcome of interest was mortality. 
Patients were followed for two years. We generated 
Kaplan-Meyer survival curves for the sepsis and 
matched comparison cohorts. We used multiple logistic 
regression to calculate adjusted odds of late mortality 
(31 days to two years). This technique of matching 
patients by propensity for sepsis, then also adjusting 
for sepsis propensity in the regression analysis, is 
known as “doubly robust” estimation because it com-
bines two methods for reducing bias and is less sensi-
tive to mis-specification.26

Beyond measuring odds of late mortality, we also 
measured odds of death at multiple time intervals (0-30 
days, 31-90 days, 91-180 days, 181 days-one year, and 
one-two years) to measure how long excess mortality 
persists after sepsis. We also measured rates of readmis-
sions by 30 days, 90 days, and 365 days among patients 
who survived to hospital discharge.

As an exploratory analysis, we examined whether the 
excess late mortality of sepsis relative to adults not 

 currently in hospital differed by age, sex, self rating of 
health, Charlson comorbidity index score, functional 
limitations, residence in a nursing home, number of 
organ dysfunctions, or infectious etiology of sepsis (as 
determined by the highest coded type of infection on 
the hospital claim).

As a second exploratory analysis to assess potential 
mechanisms of excess late mortality, we measured prin-
cipal diagnoses of terminal admissions to hospital (last 
admission before death) among patients who survived 
their initial admission and died within two years. We 
assigned principal ICD-9-CM codes to one of 185 mutu-
ally exclusive diagnosis codes using Healthcare Cost 
and Utilization Project’s clinical classification software.

We performed a sensitivity analysis to examine 
whether results differed by early (1998-2002 surveys) 
versus later (2004-2008 surveys) study periods. We also 
did a sensitivity analysis in which we limited admis-
sions with sterile inflammation to those for fracture or 
trauma.

We conducted all analyses with Stata MP version 14 
(StataCorp, College Station, TX). We used two sided 
hypothesis testing and set significance at P<0.05.

Results
From 14 529 HRS participants with Medicare linkage 
and at least one survey completed in 1998-2008, we 
identified 960 patients (with 1012 total admissions for 
sepsis) for inclusion in the sepsis cohort, 1750 patients 
for the non-sepsis infection cohort, and 888 patients for 
the sterile inflammation cohort (fig B in appendix 4, 
fig 1 ). We were able to match 777 (80.9% of all patients 
in the sepsis cohort) to an adult not currently in hospi-
tal, 788 (82.0%) to a patient admitted for non-sepsis 
infection, and 504 (55.6%) to a patient admitted for 
acute sterile inflammation (fig 1).

In the sepsis cohort the mean age was 79, 549 (54%) 
were women, 819 (81%) were white, and 126 (12%) 
were  nursing home residents, with a median of one 

Potential control group members

Sepsis
Patients whose 1st admission a�er

at least one HRS survey was for sepsis (n=960)

Not currently in hospital
All patients from day of
HRS survey until either

admission or death (n=14 494)

Non-sepsis infection
Patients whose 1st admission
a�er at least one HRS survey

was for infection with no
organ dysfunction (n=1750)

Sterile inflammation
Patients whose 1st admission

a�er at least one HRS survey was
for acute sterile inflammatory

condition (n=888)

Primary exposure cohort

HRS-Medicare
HRS Participants 1998-2008 Medicare Bene�ciaries, age ≥65 who agreed to Medicare Linkage (n=14 529)

1
Matched pairs for sepsis v not currently

in hospital comparisons (n=777)

2
Matched pairs for sepsis v

infection comparisons (n=788)

3
Matched pairs for sepsis v sterile

inflammation comparisons (n=504)

Fig 1 | Flow of participants and match of patients with sepsis
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 functional limitation and two medical comorbidities 
(table 1). There were no significant differences in demo-
graphics, socioeconomic characteristics, baseline 
health status, or recent healthcare use between patients 
within each of the matched comparisons (tables B-D in 
appendix 5). At two years, mortality was 25.4% (95% 
confidence interval 22.7% to 28.1%) at 30 days, 35.3% 
(32.3% to 38.2%) at 90 days, 41.3% (38.3% to 44.3%) at 
180 days, 48.5% (45.4% to 51.6%) at one year, and 56.5% 
(53.5% to 59.6%) at two years.

Compared with patients not in hospital matched on 
all baseline characteristics, those with sepsis experi-
enced a 22.1% (95% confidence interval 17.5% to 26.7%) 
absolute increase (or 2.2-fold relative increase) in late 
mortality (adjusted 31 day-two year mortality 40.4% v 

18.3%, P<0.001) (table E in appendix 5). The higher mor-
tality in the sepsis cohort persisted for the full two year 
follow-up period (table 2 , fig 2, table E in appendix 5). 
Among patients with sepsis who survived to a year, the 
adjusted two year mortality was 16.0% (12.5% to 19.5%) 
versus 10.7% (8.6% to 12.9%) in their controls who were 
not currently in hospital at the point of matching; the 
adjusted odds ratio of one to two year mortality was 1.6 
(1.1 to 2.4).

Compared with matched patients admitted to hospi-
tal for non-sepsis infection, patients with sepsis experi-
enced a 10.4% (95% confidence interval 5.4% to 15.4%) 
absolute increase (or 1.3-fold relative increase) in late 
mortality. The higher mortality in the sepsis cohort per-
sisted for a year (adjusted 181 day-one year mortality 
was 11.6% (7.0% to 12.1%) v 4.2% (2.8% to 5.6%); 
adjusted odds ratio 1.6 (1.1 to 2.5)). Among patients with 
sepsis who survived to a year, survival to two years was 
statistically indistinguishable from those who survived 
a non-sepsis infection.

Compared with matched patients in hospital for ster-
ile inflammatory conditions, patients with sepsis who 
survived to 31 days experienced a 16.2% (95% confi-
dence interval 10.2% to 22.2%) absolute increase (or 1.6-
fold relative increase) in late mortality. The higher 
mortality in the sepsis cohort persisted for at least 180 
days. Among patients with sepsis who survived to 90 
days, adjusted 90-180 day mortality was 9.5% (95% 
 confidence interval 6.3% to 12.8%) versus 5.3% (3.4% to 
7.3%); adjusted odds ratio 2.0 (1.1 to 3.4). The point esti-
mate, however, suggests persistent risk to one year 
(adjusted 181 day-one year mortality 11.4% (7.8% to 
15.0%) v 7.3% (4.9% to 9.7%); adjusted odds ratio 1.7 (1.0 
to 2.9)).

In stratified analysis, the excess late (31 day-two year) 
mortality with sepsis was relatively constant across 
patient subgroups defined by source of sepsis (pneu-
monia v genitourinary v gastrointestinal), age, sex, 
comorbidity burden, functional limitations, self rating 
of health, and nursing home residence (fig 3). Late mor-
tality, however, was higher in patients with more organ 
dysfunctions during sepsis. In sensitivity analyses, the 
results were similar between earlier and later time peri-
ods (fig B in appendix 4); when admission for sterile 
inflammation was limited to those with fractures, inju-
ries, and trauma; and when all first admissions after an 
HRS survey were included in the analysis.

Among patients who survived their initial admission 
(or were in the cohort not in hospital), rates of 30 day 
and 90 day re-admission were higher in the sepsis 
cohort than in the infection and not currently admitted 
cohorts (table F in appendix 5). Rates, however, were 
similar between the sepsis and sterile inflammation 
cohorts. Of the patients who survived their initial 
admission and died within two years, most (65-75% 
across cohorts) were admitted at least once before 
death. An infection—either sepsis or pneumonia—was 
the most common diagnosis for the terminal admission 
for each of the cohorts (table G in appendix 5). Infection 
(sepsis, pneumonia, urinary tract infection, intestinal 
infection or skin/soft tissue infection) accounted for 

table 1 | baseline characteristics of cohort of patients with sepsis. Figures are numbers 
(percentage) of patients unless stated otherwise
Demographics Data (n=1012)
Mean (SD) age (years) 79.1 (8.2)
Men 463 (45.8)
Race:
 White 819 (80.9)
 Black/African American 173 (17.1)
 Other 20 (2.0)
 Hispanic 78 (7.7)
Married or with partner 433 (42.8)
Economic status
Total wealth (fifth of positive assets):
 5 (most assets) 133 (13.1)
 4 137 (13.5)
 3 161 (15.9)
 2 197 (19.5)
 1 271 (26.8)
 Net negative or zero assets 113 (11.2)
Government assistance 91 (9.1)
Health status
Median (IQR) Charlson comorbidity index 2 (0-4)
Congestive heart failure 247 (24.4)
Dementia 60 (5.9)
Moderate or severe liver disease 8 (0.8)
Cancer 115 (11.4)
Renal disease 134 (13.2)
Connective tissue disease 42 (4.2)
Median (IQR) I/ADL limitations 1 (0-5)
Self rating of health:
 Excellent 28 (2.8)
 Very good 130 (12.9)
 Good 268 (26.5)
 Fair 325 (32.1)
 Poor 261 (25.8)
BMI:
 Very severely obese 36 (3.6)
 Severely obese 51 (5.1)
 Obese 138 (13.9)
 Overweight 298 (30.0)
 Normal 395 (39.7)
 Underweight 77 (7.7)
Use of healthcare
Median (IQR) No of admissions in previous year 0 (0-1)
Severe sepsis in previous year 64 (6.3)
Residence in nursing home 126 (12.5)
IQR=interquartile range; I/ADL=activities and instrumental activities of daily living.
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22.1-30.4% of terminal diagnoses across cohorts and was 
not different between sepsis versus any matched com-
parison cohort (P>0.05 for each comparison).

discussion
In this national cohort of older Americans, late mortal-
ity was substantially increased after sepsis. Among 
patients who survived for 30 days after an admission for 
sepsis, over 40% died in the next two years. This high 
rate of late mortality was not fully explained by age, 
sociodemographics, or health status before sepsis. 
Compared with adults not in hospital who were indis-
tinguishable on various potential confounders before 
acute illness, patients with sepsis had a nearly 22% 
absolute increase and 2.2-fold relative increase in late 
mortality. This suggests that more than one in five 
patients who survives sepsis dies acutely within the 
next two years as a consequence of sepsis. Compared 
with patients admitted to hospital with non-sepsis 
infection or sterile inflammatory conditions, patients 
with sepsis experienced a 10% increase in late mortal-
ity—or roughly one in 10 had a late death related to 
 sepsis.

The high proportion of late mortality unexplained by 
baseline health status suggests that health status 
before sepsis is insufficient to explain the poor long 
term mortality after sepsis. Furthermore, it suggests 
that late mortality after sepsis could be more amenable 
to intervention than previously thought, as it is not 
explained by pre-existing chronic health conditions. 
The excess late mortality experienced by patients with 
sepsis relative to other control patients admitted to 
hospital suggests that patients could benefit from inter-
vention during the admission for sepsis (timely resus-
citation, early mobility) rather than just generic 
post-admission care.

Findings in context
Our results are consistent with previous studies that 
have shown excess late mortality after sepsis relative to 
the general population27 28  and that the late mortality is 
not explained by differences in health status before sep-

sis.10 29 30  These past studies, however, have been incon-
clusive because of the substantial risk of residual 
confounding by incomplete capture of patients’ base-
line health status. Our study advances the existing liter-
ature by examining a cohort with extensive serial data 
collection—allowing careful control for chronic health 
conditions and sociodemographic factors. Our mea-
sures of baseline health status include not only mea-
sures of comorbidity but also previous hospital 
admissions, BMI,31  functional status,32  self rating of 
health,33  and measures of poverty (wealth and govern-
ment assistance)34—all important predictors of long 

table 2 | adjusted odds ratios for mortality after sepsis by time period

time period

adjusted* Or (95% Ci)
sepsis v not in  
hospital

sepsis v  
infection

sepsis v sterile 
inflammation

Early mortality:
 0-30 days 47.2† (20.7 to 107.5) 4.8† (3.5 to 6.7) 6.6† (3.6 to 8.4)
Late mortality‡:
 31 days-2 years 3.5† (2.7 to 4.5) 1.6† (1.3 to 2.1) 2.3† (1.7 to 2.1)
Late mortality, by discrete time interval‡:
 31-90 days 9.8† (5.1 to 18.7) 2.5† (1.7 to 3.7) 3.6† (2.2 to 6.0)
 91-180 days 4.0† (2.4 to 6.9) 1.8† (1.2 to 2.8) 2.0† (1.1 to 3.4)
 181 days-1 year 3.2† (2.0 to 5.2) 1.6† (1.1 to 2.5) 1.7 (1.0 to 2.9)
 >1-2 years 1.6† (1.1 to 2.4) 1.0 (0.7 to 1.4) 1.4 (0.9 to 2.2)
*Adjusted for age, sex, and propensity for sepsis. All patients included in regression also matched by sepsis 
propensity, which included age, race, ethnicity, sex, partnership, wealth, use of food stamps, Charlson 
comorbidity index, I/ADL limitations, self rating of health, BMI, admission to hospital in previous year, sepsis in 
previous year, and residence in nursing home.
†Significant at P<0.05.
‡To be included in models for late mortality, patients had to be alive at start of time period.
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Fig 2 | Kaplan-Meier survival curves for sepsis cohort versus 
three matched comparisons showing long term survival of 
patients who survived at least 30 days after their match day
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term mortality that have not been included in previous 
studies of late mortality after sepsis.

Furthermore, we also compared the sepsis cohort 
with controls in hospital with non-sepsis infection and 
sterile inflammatory conditions. Through these analy-
ses, we found that about 50-60% of the excess late mor-
tality after sepsis is explained by admission for 
non-sepsis infection or sterile inflammation, and about 
40-50% is incremental excess mortality above and 
beyond that associated with these other types of admis-
sions. Taken together, our findings do not refute the 
importance of baseline burden of comorbidity to 
patients’ long term outcomes after sepsis. They do, 
however, indicate that sepsis confers an additional risk 
of late mortality above and beyond that predicted by 
status before sepsis alone.

If our results are interpreted strictly as a prognostic 
association, they might have value to patients, families, 
and health systems seeking information about life after 
an admission for sepsis. The high rate of late mortality 
suggests that physicians should perhaps discuss 
advanced directives and end of life planning in patients 
who survive sepsis.

biological plausibility
While our study cannot offer definitive proof that sepsis 
causes this increased mortality, there are several credible 
biological mechanisms and observations that support a 
potentially mechanistic interpretation of the impact of 
sepsis on subsequent mortality. Mice that recover from 
experimental sepsis have accelerated development of 
atherosclerosis,35  they die with subsequent bacterial or 
fungal challenge,36-38 and they show increased tumor 
growth.39  High rates of infection, cancer, and deaths 
related to cardiovascular disease have also been seen in 
studies of humans who survive sepsis.40  Recent studies 
suggest that epigenetic regulation is a driving mechanism 
of post-sepsis immunosuppression and atherosclerosis,41  
which could confer persistent immunosuppression and 
pro-atherosclerotic conditions.41

Of the patients with late mortality after sepsis in our 
study, the most common terminal admission diagnoses 

were infection, respiratory failure, and aspiration pneu-
monitis. With the relatively small number of terminal 
admissions, we were not able to detect a difference in the 
proportion for infection between the matched compari-
son cohorts. Nonetheless, the high number of terminal 
admissions for infection suggests that heightened risk of 
infection, perhaps as a result of a sustained immunosup-
pression or microbiome perturbation,42 could be a poten-
tial target for reducing late mortality from sepsis.

limitations and strengths of study
There are some potential limitations to our study. First, 
we used claims based algorithms to identify our 
cohorts. The method for identifying sepsis is com-
monly used and has similar specificity and greater sen-
sitivity to other claims based methods.19 For the 
non-sepsis infection and sterile inflammation cohorts, 
we required a principal diagnosis of infection and ster-
ile inflammatory condition, respectively, to increase 
the specificity of these cohorts. While some misclassifi-
cation might have occurred compared with individu-
ally adjudicated diagnoses, this allows us to represent 
a broad range of patients and diagnoses commonly 
used in clinical practice. Second, we had no measure 
for the severity of systemic inflammatory response so 
cannot rule out the possibility that our sterile inflam-
mation cohort was less “inflamed” than our sepsis 
cohort. Third, we excluded patients aged under 65 
because our study relied on Medicare claims, and only 
limited groups aged under 65 qualify for Medicare cov-
erage. Nonetheless, in our stratified analysis we found 
no evidence that the excess mortality associated with 
sepsis attenuates with younger age. Fourth, as with any 
observational study, we cannot rule out the possibility 
of unmeasured confounding, such as genetically based 
differences in immune function.

Our study has several strengths. We examined a 
national cohort with detailed survey data collected 
every two years and linked claims data. These granular 
data allow for robust adjustment for confounding, not 
possible in prior studies of late mortality after sepsis. 
Second, we compared outcomes after sepsis with 
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 several relevant comparators, allowing us to disentan-
gle the proportion of excess mortality related to hospital 
admissions and the incremental mortality associated 
specifically with sepsis. These carefully chosen compar-
isons add to the robustness of the findings because they 
explore potential mechanisms and show similar associ-
ations in expected strengths.

Conclusions
Using a national cohort of older Americans, we have 
shown that sepsis is associated with a high rate of 
late mortality that is not explained by health status 
before sepsis. More than one in five patients who 
survives sepsis experiences a late death related to 
sepsis. The degree of late mortality unexplained by 
baseline health status suggests that long term mor-
tality after sepsis could be more amenable to inter-
vention than previously thought. The mechanisms of 
excess late mortality remain unproved and warrant 
future study.
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