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Introduction
Clostridioides difficile (formerly Clostridium difficile) 
is a gram-positive, anaerobic, spore-forming bacil-
lus that causes severe diarrhea and colitis (inflam-
mation of the colon).1 Clostridioides difficile infection 
(CDI) is the most common healthcare-associated 

infection in the United States, affecting an esti-
mated 462,100 persons in 2017.2–4 Risk factors for 
CDI include older age, recent antibiotic exposure, 
long length of stay (LOS) in healthcare settings, 
serious underlying illness, or immunocompromis-
ing conditions.5,6 Individuals ⩾65 years are at 
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disproportionately higher risk of CDI,7 with an 
incidence of 11.6/1000 discharges compared to 
3.5/1000 discharges among adults aged 18–64.8 
The mortality rate is high among older persons 
with CDI, with one in 11 people aged ⩾65 years 
dying within 1 month of experiencing CDI, 
accounting for 93% of CDI-related deaths in older 
adults.1,9 Among patients with a primary CDI epi-
sode (pCDI), up to 35% experience a recurrence 
(rCDI), and 40–65% of patients with one recur-
rence will experience two or more recurrences.10–15 
rCDI is associated with a higher likelihood of death 
compared with pCDI, higher healthcare utiliza-
tion, and results in direct healthcare costs totaling 
over $2.8 billion annually in the United States 
(2016 dollars).16

The high mortality rate among patients with CDI 
is the result of serious complications that occur 
from the infection, including sepsis.17 Previous 
studies report that sepsis occurs in 16–43% of 
patients with CDI, with higher frequency after 
rCDI and for older patients.18–21 This rate is 
much higher than the 6.0% incidence of sepsis for 
all hospitalized patients aged ⩾20 years in the 
United States.22

Clostridioides difficile rarely survives in the blood 
since it is an anaerobic bacterium; therefore, sep-
sis associated with CDI is typically caused by 
other bacteria and is hypothesized to result from 
C. difficile breaking down the mucosal barrier of 
the colon, resulting in bacterial translocation into 
the bloodstream.23,24 Treatment of sepsis requires 
antimicrobials, which can subsequently alter the 
gut microbiota, weakening colonization resistance 
and propagating the cycle of recurrence of CDI.

Understanding the occurrence of sepsis among 
those with pCDI and rCDI, and the characteris-
tics that place them at risk may help target thera-
pies to reduce the occurrence of sepsis. Although 
there are studies in select populations examining 
epidemiologic and clinical aspects of sepsis among 
CDI patients,1,13,25,26 there are limited real-world 
studies describing the added burden of sepsis on 
healthcare resource utilization (HRU), costs, and 
mortality specifically among the high-risk elderly 
Medicare population.

The objective of this study was to describe the 
occurrence of sepsis among Medicare patients 
with pCDI only versus ⩾1 rCDI and evaluate 
mortality, patient characteristics, HRU, and costs 

among those with and without sepsis, further 
stratified by those who died versus survived.

Methods

Study design
This retrospective cohort study included benefi-
ciaries from 100% Medicare Fee-For-Service 
(FFS) claims data administered by the Centers 
for Medicare and Medicaid Services (CMS). The 
information is generated through billing and 
reimbursement processes and included demo-
graphic and enrollment information; Medicare 
Parts A and B covered services; and Part D 
Prescription Drug Events.

Avalere accessed the 100% FFS claims through a 
research-focused data use agreement with CMS. 
The use of these data followed HIPAA require-
ments for the privacy and security of protected 
health information. Medicare beneficiaries cov-
ered by managed care organizations (Medicare 
Advantage), which comprised 23–33% of 
Medicare beneficiaries from 2009 to 2017 (the 
study period),27 were not included.

Study population
Patients were eligible for inclusion if they were 
aged ⩾65 years, with ⩾1 CDI episode from 1 
January 2009 to 31 December 2017 and continu-
ously enrolled in Medicare Parts A, B, and D for 
12 months before and up to 12 months after the 
pCDI episode. The index date (occurring between 
1 January 2010 and 31 December 2016) was 
defined as the date of the first qualifying 
International Classification of Diseases ICD-
9-CM or ICD-10-CM diagnosis code for CDI 
(Supplementary Appendix Table 1). CDI was 
identified as ⩾1 inpatient claim with a CDI diag-
nosis, or ⩾1 outpatient claim with CDI diagnosis 
plus ⩾1 claim for CDI treatment (vancomycin, 
fidaxomicin, metronidazole, rifaximin, or bezlo-
toxumab) or fecal microbiota transplant (FMT) 
(Supplementary Appendix Table 2).

CDI episodes were defined as previously pub-
lished28 (Figure 1). An index CDI episode began 
on the date of the first CDI medical claim and 
included subsequent medical and drug claims that 
occurred ⩽14 days from the previous CDI claim 
as part of the same episode. Each distinct CDI 
episode ended after a 14-day CDI-claim-free 
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period. An rCDI episode occurred within an 
8-week window following the 14-day CDI-claim-
free period. CDI events that occurred after the 
8-week window were not included because they 
were not considered an rCDI, in accordance with 
the Centers for Disease Control and Prevention 
definition (2019), but rather as new infections. 
Patients were categorized as having a pCDI only 
or any (⩾1) rCDI.

Outcomes
Patients with pCDI or rCDI were further grouped 
into those who did and did not develop sepsis at 
any point after index CDI (by ICD-9-CM and 
ICD-10-CM codes, Supplementary Appendix 
Table 1). All-cause outcomes among those with 
and without sepsis included HRU [inpatient admis-
sions, intensive care unit (ICU) stays, mean LOS] 
and per-patient-per-month (PPPM) costs. Mean 
(median, SD) time to the first diagnosis of sepsis 
was calculated for patients with sepsis. All-cause 
total costs included all medical and pharmacy costs 
and were reported by expenditure category [inpa-
tient stays, emergency department visits, outpatient 
services and tests, postacute care, pharmacy, and 
durable medical equipment (DME)]. All outcome 
measures were calculated for patients with and 
without sepsis and stratified by those who died and 
survived after pCDI or rCDI.

Other variables
Demographic variables including age, sex, geo-
graphic region, race/ethnicity, reason for entitle-
ment to Medicare [age or disability/end-stage 

renal disease (ESRD)], and dual eligibility for 
Medicaid were measured at index. Clinical varia-
bles including Charlson Comorbidity Index 
(CCI),29 other medical conditions (ulcerative coli-
tis, Crohn’s disease, type 1 diabetes), indicators of 
frailty, and procedures and treatments (trans-
plants, gastrointestinal surgery, enteral feeding, 
and chemotherapy) were measured during the 
12-month preindex period. Hospitalizations, 
LOS, and total costs were measured during the 
0–6 months before index, with the goal to capture 
potential CDI precipitating events.

Data analysis
Descriptive analyses examined the demographic 
and clinical characteristics, HRU [hospitalization 
(yes or no), ICU stay (yes or no), LOS], and costs 
(PPPM) for patients with and without sepsis, 
stratified by pCDI or rCDI and survival status. 
Counts and percentages summarized categorical 
variables, while measures of central tendency 
(mean [standard deviation], median) summa-
rized continuous variables. p values were calcu-
lated using the chi-square test for proportions and 
t test for means. Costs were adjusted to 2018 dol-
lar values using the medical component of the 
Consumer Price Index.30

Multivariate logistic regression models with bino-
mial distribution were used to compare differ-
ences in inpatient hospitalization and ICU stays, 
while generalized linear models with gamma dis-
tribution and log link were used to compare LOS 
and total cost outcomes. Covariates included 
demographic and clinical variables measured at 

Figure 1. Study design: Definition of index CDI episode, including CDI claims (black bar), the 14-day CDI-claim-free period after last 
CDI claim (gray bar), and the 8-week period to identify rCDI (yellow bar).
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baseline and were chosen based on baseline dif-
ferences and clinical relevance. All analyses were 
conducted with SAS, version 9.4 (SAS Institute, 
Inc., Cary, NC, USA).

Results

Demographics
A total of 1,133,024 patients with CDI were iden-
tified from 2010 to 2016 (Figure 2). After restrict-
ing to those aged ⩾65 years on index date with at 
least 12 months preindex continuous enrollment, 
497,489 patients with CDI were included in the 
analysis. Among those, 203,888 (41.0%) devel-
oped sepsis, and 57.7% of patients with sepsis 
died during the 12-month follow-up period, com-
pared with 32.4% of patients without sepsis 
(p < 0.001) (Table 1, Figure 2). Of the 345,893 
(69.5%) patients with pCDI only, 39.2% suffered 
sepsis compared with 45.1% of the 151,596 
patients with rCDI. Patients with pCDI and 
rCDI with sepsis, compared with those without, 

were younger (range 77.5–80.7 versus 78.3–
82.4 years, p < 0.0001), less often female (58.4–
64.0% versus 63.7–70.9%, p < 0.0001), more 
often dual-eligible/low income (40.4–48.0% ver-
sus 28.8–38.6%, p < 0.0001), more often Black 
(range 10.7–14.9% versus 6.2–9.2%, p < 0.0001), 
or other minority race (5.2–6.3% versus 3.1–
4.2%, p < 0.0001), and with higher mean CCI 
scores (6.0–7.4 versus 4.7–7.0, p < 0.0001).

Preindex clinical and economic characteristics
CDI patients who developed sepsis during follow-
up had a higher prevalence of comorbid and 
frailty conditions, transplants, GI surgery, enteral 
feeding, and chemotherapy in the 12 months prior 
to index CDI (Supplementary Appendix Table 
3). Those who experienced rCDI + sepsis and 
died had the heaviest burden of preindex condi-
tions and treatments, reflected in the higher HRU 
and costs during the 0- to 6-month period pre-
ceding the index pCDI (Table 1). For example, 
preindex hospitalizations were higher across the 

Figure 2. Study attrition diagram.
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pCDI/rCDI cohorts for those who developed sep-
sis (range 62.6–77.8% versus 50.4–72.5%, 
p < 0.0001) with approximately 1 day longer LOS 
(7.8–8.7 versus 6.6–7.5 days, p < 0.0001). Total 
healthcare costs were approximately $20,000 
higher among patients with sepsis ($53,182–
$76,055 versus $34,991–$56,713, p < 0.0001). 
Patients with any rCDI + sepsis who died had the 
highest preindex utilization and costs [hospitali-
zations 77.8%; mean LOS 8.7 days (SD 10.4); 
mean total costs $76,055 (SD $136,611)].

Postindex HRU and costs
Postindex, the median length of follow-up among 
those who died varied from a low of 12 days for 
those with pCDI + sepsis to 88 days for those with 
rCDI + no sepsis (p < 0.0001) (Table 2). Mean 
time to first rCDI ranged from 31.6 days for those 
with no sepsis who died to 35 days for those with 
sepsis who survived. All-cause hospitalizations 
were common in all cohorts (range: 81–99%), but 
among patients who died, patients with sepsis had 
substantially higher all-cause ICU use (pCDI: 
29% versus 15%; rCDI: 65% versus 34%, 
p < 0.0001) and longer LOS (pCDI: 12.1 versus 
10.2 days; rCDI: 11.6 versus 8.8 days, p < 0.0001). 
All-cause HRU was lower overall among patients 
who survived; however, those with sepsis who 
survived had higher ICU use (pCDI: 38.0% ver-
sus 14.9%; rCDI: 49.2% versus 19.1%, p < 0.0001) 
and longer LOS (pCDI: 9.1 versus 6.9 days; rCDI: 
9.0 versus 6.6 days, p < 0.0001) compared with 
those without sepsis.

Among patients who died, total healthcare costs 
were highest among were those with rCDI + sep-
sis (pCDI: $34,841 versus $22,753; rCDI: 
$42,269 versus $25,047, p < 0.0001) (Figure 3). 
Costs for patients who survived were lower but 
followed a similar pattern for those with and with-
out sepsis (pCDI: $10,093 versus $4930; rCDI: 
$12,013 versus $5707, p < 0.0001). Inpatient 
costs accounted for 39–78% of total costs.

The mean [median (SD)] time to sepsis following 
a pCDI episode was 33 [0 (77)] days and follow-
ing rCDI was 52 days [9 (81)]. For patients with 
pCDI, 83.3% experienced sepsis within 60 days 
of CDI index, while 54.4% of rCDI patients 
experienced sepsis within 60 days of the first rCDI 
episode. Among patients who died, after adjust-
ing for demographic and clinical characteristics 
(Table 3), patients with pCDI + sepsis had more 
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than twice the odds of ⩾1 inpatient stay [odds 
ratio (OR) 2.4 (95% confidence interval [CI] 
2.3–2.5)] with slightly longer mean LOS (12.4 
versus 11.3 days, p < 0.0001) and twice the odds 
of an ICU stay [OR 2.2 (95% CI 2.1–2.3)] com-
pared with those without sepsis. Patients with 
rCDI + sepsis who died had 10× the odds of an 
inpatient stay [OR 10.6 (95% CI 9.3–12.2)] with 
longer LOS (11.7 versus 9.6 days, p < 0.0001), 
and 3× the odds of an ICU stay [OR 3.4 (95% CI 
3.3–3.5)] compared with those without sepsis 
who died. Patients with sepsis who died also had 
significantly higher adjusted costs compared with 
those without sepsis who died (pCDI: $10,721 
higher PPPM; rCDI: $16,003 higher PPPM, 
p < 0.0001).

Adjusted results for CDI patients who survived 
followed a similar pattern to those who died. 
Surviving patients with pCDI + sepsis had 9.5× 
the odds of ⩾1 inpatient stay [OR 9.5 (95% CI 
8.9–10.1)] with longer LOS (9.0 versus 7.2 days, 
p < 0.0001), and 3× more likely to have an ICU 
stay [OR 3.0 (95% CI 2.9–3.0)] compared with 
those without sepsis. Patients with rCDI + sepsis 
were 18× more likely to have an inpatient stay 
[OR 18.5 (95% CI 16.6–20.7)] with longer LOS 
(8.8 versus 6.9 days, p < 0.0001), and 3.5× more 
likely to have an ICU stay [OR 3.5 (95% CI 3.4–
3.6)] compared with those without sepsis. 
Surviving patients with sepsis had significantly 
higher adjusted costs compared with those 

without sepsis (pCDI: $4016 higher; rCDI: 
$5207 higher, p < 0.0001).

Discussion
This study found that sepsis is a common compli-
cation of CDI among Medicare beneficiaries aged 
⩾65 years, resulting in higher all-cause mortality, 
healthcare resource utilization, and costs. Those 
with sepsis and rCDI experienced the heaviest 
clinical and economic burden, with those who 
died experiencing the highest burden of all. 
Patients who developed sepsis during follow-up 
had more comorbidities and HRU prior to their 
index CDI and were more likely to be Black or 
other minority, disabled, and dual eligible for 
Medicaid (indicating low-income status). 
Together, these data show that CDI and sepsis 
are a deadly combination among older patients 
who also have a higher risk for CDI and sepsis.

Although previous studies have shown that CDI 
is an important risk factor for sepsis,31 this study 
found that sepsis in patients with CDI is more 
common in the Medicare population than previ-
ously reported in other populations and has a 
more significant impact on HRU, costs, and mor-
tality. Our study revealed that 41.0% of older 
patients with CDI and 45.1% of those with rCDI 
developed sepsis. Other studies have reported 
lower rates, possibly because they  reflect younger 
populations and shorter follow-up times. A study 

Figure 3. Unadjusted mean healthcare costs (PPPM) by sepsis and mortality status**: 12-months postindex follow-up. Costs were 
inflation adjusted to 2018 $USD.
**All p < 0.001.
DME, durable medical equipment; ED, emergency department; PPPM: per-patient per-month; USD, US dollars.
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of patients treated with mechanical ventilation for 
>48 h within ICUs reported septic shock affected 
34.7% of CDI patients.21 A retrospective study 
found that 18.3% of patients with CDI developed 
a bloodstream infection (BSI) within 30 days of 
CDI.18 A single-center study of patients with 
rCDI found a 22% BSI rate after CDI treatment 
with antibiotics.20 In a claims study among a 
younger population (mean age 48 years) with 
CDI, sepsis occurred in 16.5%, 27.3%, 33.1%, 
and 43.3% of patients after 0, 1, 2, and 3+ rCDI 
episodes, respectively, during the 12-month fol-
low-up,19 supporting our finding of increased 
incidence among those with rCDI. The mean 
time to CDI recurrence in that study was approx-
imately 30 days, similar to our study (range 
31.6–35.0 days).

The mortality rate after sepsis was high in the 
Medicare population, with 57.7% of sepsis 
patients dying within 12 months of index CDI. 
Prior studies have reported lower mortality rates 
among CDI patients with sepsis but had shorter 
follow-up times and focused on specific popula-
tions. Ianiro et al.20 reported a 90-day mortality 
rate of 52.5% for those who developed a BSI after 
CDI. A study of all hospitals in the United States 
that performed elective open abdominal vascular 
operations among the Medicare population found 
30% 30-day mortality rates after discharge for 
CDI + sepsis.32 It is clear that patients with CDI 
frequently experience sepsis afterward, and our 
study further reinforces that burden in the older 
Medicare population. Considering that almost six 
in 10 Medicare beneficiaries with CDI + sepsis 
will die within 12 months, the urgency for opti-
mized therapy to decrease recurrences and dimin-
ish the future risk of poor outcomes takes on 
added importance.

Coinciding with the heavy clinical burden of sep-
sis were higher HRU and costs, especially for 
those with rCDI and those who died. Comparable 
utilization and economic outcomes specific to 
patients with CDI and sepsis are lacking, but CDI 
studies overall support our results, reporting that 
CDI is associated with high healthcare costs, 
driven primarily by inpatient costs,33 with rCDI 
costing more than pCDI.34 A claims-based study 
from 2010 to 2017 of patients aged 18–64 years 
found mean annual direct medical costs per 
patient were $71,980 for pCDI and $207,733 for 
those with ⩾3 rCDI.35 Use of emerging therapies 
(i.e. fidaxomicin, bezlotoxumab, and fecal 

microbiota transplantation) were low in our 
study, with <5% of patients in any subgroup hav-
ing a claim for one of these treatments; therefore, 
while the per use cost of these therapies may have 
been higher than other CDI treatments, the over-
all contribution of the emerging therapies to the 
12-month follow-up costs is not expected to be a 
substantial component.

Previous studies have reported a LOS of 6–11 days 
for CDI patients in the United States,34,36 which 
is similar to the LOS reported in our study for 
patients without sepsis (6.6–10.2 days), but lower 
than the LOS for patients with sepsis (9.0–
12.1 days). The longer patients stay in the hospi-
tal, the more likely they are to suffer from other 
inpatient complications, such as deep vein throm-
bosis and other healthcare-associated infections. 
Our data also showed that if primary CDI is 
occurring alone, it is possible to treat as outpa-
tient for a small subset of patients, but when it is 
occurring with sepsis, hospitalization is almost 
always needed. Prevention of CDI is the key to 
avoiding hospitalized patients from having unnec-
essary additional days and avoiding hospital read-
missions, which could occur due to CDI and 
sepsis.

Prevention of CDI has been a national priority for 
a number of years,37 with efforts to enhance infec-
tion control measures and improve antimicrobial 
stewardship across healthcare settings. While pre-
vention is a way to limit incidence, many patients 
still acquire CDI. Understanding the risk factors 
associated with CDI occurrence, recurrence, and 
poor outcomes will help clinicians triage those 
patients who might require more aggressive thera-
peutics to lower their risks of CDI. In our study, 
racial/ethnic minorities, those with disabilities, 
and low-income patients were particularly suscep-
tible to poor outcomes. These groups also tend to 
have more medical comorbidities and potentially 
less access to outpatient care than those in other 
demographics. Clinicians should focus on these 
groups to ensure an optimal plan of care for 
patients to receive needed therapies and complete 
recommended treatments. The key prevention 
point is to reduce the risk of recurrent CDI due to 
the heightened patient harm. Our study findings 
may help justify personnel time to bolster follow-
up for patients who had primary CDI, and to 
establish appropriate discharge protocol aiming at 
reducing risk of future rCDI. At-risk patients can 
benefit from a diverse clinical team contributing to 
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the transition of care following hospital discharge, 
ensuring the best outcomes possible. More aggres-
sive treatment at an earlier point in the disease can 
prevent future complications, which harm the 
patients and are expensive.

This study is strengthened by its large representa-
tive sample of older Medicare beneficiaries, who 
comprise the largest proportion of CDI patients 
in the United States, and the use of comprehen-
sive Medicare claims. There are limitations of 
Medicare claims data that do not impact this 
analysis but may limit the generalizability of 
results. The Medicare FFS population may not 
reflect the experience of CDI patients with other 
insurance, such as Medicare Advantage,38 
Medicaid, or commercial coverage. The identifi-
cation of CDI and sepsis relies on accurate report-
ing of diagnosis codes and treatments on claims; 
therefore, some misclassification is possible. 
Furthermore, claims data only capture services 
that have billing codes; reimbursement for ser-
vices not paid for by Medicare, such as those paid 
for by Medigap coverage, is not included. Care 
provided in settings such as the Veterans 
Administration or long-term skilled nursing 
homes is not included. This study type cannot be 
used to determine cause and effect (i.e., whether 
sepsis was attributable to prior CDI), and there is 
no way to control for residual, unmeasured con-
founding when comparing those with and with-
out sepsis.

Sepsis occurred commonly among Medicare ben-
eficiaries with CDI, and CDI patients with sepsis 
were much more likely to die than those without 
sepsis. CDI patients with sepsis, and especially 
those with recurring CDI, have substantially 
higher healthcare resource utilization and costs 
compared with patients without sepsis. Strategies 
to reduce CDI may be an effective path to reduc-
ing the occurrence of sepsis and thereby risk of 
death, in addition to lowering the added clinical 
and economic burden among the growing elderly 
Medicare population.
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