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Abstract

Objective: To describe 12-month outcomes for beneficiaries in the 100%Medicare Fee-for-Service (FFS) population with primary and recur-
rent Clostridioides difficile infection (CDI).

Design: A retrospective, descriptive, cohort study of CDI claims from the 100%Medicare FFS population, with a first CDI diagnosis between
January 1, 2010, and December 31, 2016.

Setting: Any US-based provider that submitted inpatient or outpatient CDI diagnosis claims to Medicare FFS.

Patients: The study included patients aged ≥65 years with continuous enrollment in Medicare Parts A, B, and D during 12 months before and
12 months after the index period.

Methods: The number of CDI and recurrent (rCDI) episodes, healthcare resource utilization, treatments, complications, and procedures were
calculated for pre-index and follow-up periods. The data were stratified by number of rCDI episodes (ie, no rCDI, 1 rCDI, 2 rCDI,
and ≥3 rCDI).

Results: Of 268,762 patients with an index CDI, 34.7% had at least 1 recurrence. Of those who had 1 recurrence, 59.1% had a second recurrence
and of those who had 2 recurrences, 58.4% had≥3 recurrences. Incident psychiatric conditions occurred in 11.3%–18.2% of each rCDI cohort;
6.0% of patients with rCDI underwent subtotal colectomy, and 1.1% of patients underwent diverting loop ileostomy. After each CDI episode,
∼1 in 5 patients had a documented sepsis event. Over the 12-month follow-up, 30% of patients experienced sepsis, and sepsis occurred in
27.0% of the cohort with no rCDI, compared to 35.5% of patients in the rCDI cohorts.

Conclusions: Elderly patients with CDI and rCDI experienced a significant clinical burden and complications.

(Received 8 July 2021; accepted 27 December 2021)

Clostridioides difficile infection (CDI) is a persistent concern in the
United States, with an estimated∼462,000 cases in 2017.1 The rates
of CDI recurrence and community-associated CDI remained
steady over the last decade despite decreases in the rates of
healthcare-associated CDI and CDI-related mortality.1 Moreover,
∼25% of all patients with an initial episode of CDI experience
recurrent CDI (rCDI), and ∼50% of patients who develop rCDI
go on to suffer a future episode.2,3 The impact of CDI is not solely
on the digestive tract; it is associated with increased rates of sub-
sequent sepsis, colectomy, and a psychiatric burden.4,5

The elderly population has a higher incidence of CDI than
the younger population, with ∼500 cases per 100,000 persons

in patients aged ≥ 65 years, compared to ∼90 cases per 100,000
persons among all adults in the United States.6,7 Advanced age
(≥65 years) is considered one of the most important nonmodifi-
able risk factors for CDI, with adults ≥65 years having a 63%
higher risk of recurrence than younger persons, and each addi-
tional year of age increases the risk.8,9 The elderly are 3 times
more likely to develop complicated CDI (eg, fulminant colitis,
intensive care unit admission, CDI complication) than younger
patients.9

Real-world data are more applicable to practicing clinicians in
comparison to clinical trial data; however, studies evaluating clini-
cal outcomes for elderly patients with CDI and rCDI based on
actual claims data are limited. Additionally, clinical data from ran-
domized controlled trials evaluating outcomes of older patients
with CDI and rCDI are lacking.10,11 Real-world data on outcomes
of CDI and rCDI in a younger cohort have recently been reported
utilizing commercial health insurance claims, showing a substan-
tial burden of cost and clinical complications.4,12 In a previous
study of the 2008–2010Medicare 5% sample, patients who suffered
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CDI had higher baseline comorbidity scores, rates of hospitaliza-
tions, and antibiotic use than a propensity-matched group.13

However, little is known about the relative clinical experiences
of older adults who suffer only a primary CDI event versus those
who suffer 1 or multiple recurrences. In this study, we focused on
an elderly population using 100% sample of Medicare Fee-for-
Service (FFS) data covering a broad national population with
robust longitudinal follow-up to describe 12-month recurrence
rates, treatments, complications, and procedures in patients with
primary and recurrent CDI.

Methods

Study design and patient identification

A retrospective, descriptive, cohort study was conducted to assess
treatment patterns, healthcare resource utilization, and selected
clinical outcomes for patients with CDI and rCDI using data from
the 100% Medicare FFS claims database between January 1, 2009,
through December 31, 2017.

The study included patients who were ≥ 65 years of age and
had a first (index) CDI diagnosis (corresponding to disease onset)
during the study identification period from January 1, 2010, to
December 31, 2016, and continuous enrollment in Medicare
Parts A, B, and D during 12 months before and 12 months after
the index period. By definition, patients did not have any CDI
claims within the 12 months prior to the index CDI episode.
An episode of CDI was identified based on either an inpatient stay
attributed to a CDI diagnosis code (Supplementary Table 1) or an
outpatientmedical claimwith aCDI diagnosis code plus confirmation
of an appropriate CDI treatment including vancomycin, fidaxomicin,
metronidazole, rifaximin, bezlotoxumab, or fecal microbiota trans-
plant (FMT) (Supplementary Table 1). Patients who died or changed
enrollment fromFFS to aMedicareAdvantage plan during the follow-
up period could not contribute a full 12 months of observation and
therefore were not included in the study cohorts. The clinical experi-
ence of patients who died is expected to be distinctly different than
that of patients who survived and, as such, a separate study with a
different analytical design will be published on that cohort of patients
with CDI.

To standardize the start date of events across cases, a CDI
episode began on the date of the first CDI medical claim and
included consecutive medical claims with a diagnosis of CDI
and prescription fills for medications commonly used to treat
CDI. A CDI episode end date was defined as the last day of a
14-day CDI claim-free period (eg, 14 days after the last CDI pre-
scription dose was administered (Fig. 1). An episode of rCDI was
defined as a second or subsequent episode of CDI, using the same
criteria for the index CDI episode, that started within an 8-week
window following the 14-day CDI-claim-free period (Fig. 1).
Multiple rCDI episodes could be captured up to 12 months following
the index CDI date. CDI events that occurred later than each 8-week
window after the claim-free period were not counted as rCDI (in
accordance with rCDI definition from the US Centers for Disease
Control and Prevention14) but as new infections, and these were
not included in this analysis to avoid misclassification.

Demographic and baseline clinical characteristics were
evaluated for each individual, including age, sex, geographical
region, Charlson comorbidity index (CCI), comorbid conditions,
medication exposure (ie, any use of gastric acid-suppressing
agents, antimicrobials, or immunosuppressant agents), and medi-
cal procedures and treatments (eg, transplants, gastrointestinal
surgery, enteral feeding, or chemotherapy).

Data sources

Data sources were (1) the 100% Medicare FFS claims database,
containing health service utilization data (inpatient, outpatient,
demographic, and enrollment information) for Medicare bene-
ficiaries with traditional Medicare FFS whose providers were
paid directly by Centers for Medicare and Medicaid Services
(CMS) and (2) the 100% Prescription Drug Event data set,
which includes prescription drug claims for Medicare Part D
(see the Supplementary Material for details).

Pre-index period

Healthcare resource utilization (HRU) for the pre-index period
was quantified, including all-cause hospitalizations, emergency
department (ED) visits, and outpatient visits. HRU for the 12-
month pre-index period was separately reported as 0–6 months
pre-index (ie, the 6 months immediately prior to the index CDI)
and 7–12 months pre-index. The 0–6 months pre-index period
captured the precipitating healthcare encounters of CDI, while
the 7–12 months pre-index period represented the baseline health
characteristics of the cohorts. To serve as a benchmark reference,
select baseline and demographic data (ie, age, sex, census region,
and select medical comorbidities) for the national Medicare pop-
ulation were extracted for all beneficiaries who were enrolled in
Medicare FFS with medical and pharmacy benefits for at least 6
months in 2016.

Post-index outcomes

The number of CDI and rCDI episodes, surgical procedures (eg,
subtotal colectomy or diverting loop ileostomy), and all-cause
complications (eg, sepsis or incident psychiatric condition) were
observed over the 12-month follow-up period, and the data were
stratified by cohorts representing the total number of rCDI epi-
sodes (ie, no rCDI, 1 rCDI, 2 rCDI, or ≥3 rCDI). The timing of
the first surgical procedure and all sepsis instances with respect
to the recurrence time window were reported.

Data analysis

Descriptive analyses of the demographic characteristics and clini-
cal outcomes data were performed. For categorical variables,
counts and percentages were used. For continuous variables, mea-
sures of central tendency were calculated, reported as mean (stan-
dard deviation, SD). All analyses were conducted with SAS version
9.4 software (SAS Institute, Cary, NC).

Results

Demographics

In total, 268,762 patients with an index CDI were included
(Table 1). Of this group, 65.3% had no rCDI; 14.2% had
1 rCDI; 8.5% had 2 rCDI; and 12.0% had ≥3 rCDI. The mean
age of patients with CDI was 78.3 years (SD, 7.96), 69.0% were
female, and the mean CCI was 5.1 (SD, 3.4). As a benchmark,
in the national Medicare cohort of 4.8 million beneficiaries
(including the CDI subgroup), the mean age was 75.4 years,
59.1% were female, and the mean CCI was 4.0 (SD, 3.8).

Recurrences

Of the entire CDI cohort of 268,763 patients, 93,208 (34.7%) had at
least 1 recurrence. Of those who experienced 1 recurrence, 59.1%
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had a second recurrence (55,045 of 93,208 patients). Of those who
had 2 recurrences, 58.4% had ≥3 recurrences (32,147 of 55,045
patients). Among patients in the study cohort who had a CDI event
after the index episode that was outside a recurrence window (clas-
sified as having another CDI occurrence), 21.2% (57,071) had 1
occurrence, 12.1% (32,435) had 2 occurrences, and 30.2%
(81,273) had ≥3 occurrences. Recurrences and occurrences were
counted separately, and a patient who had 1 recurrence could have,
at a later date, experienced an occurrence that fell outside the
recurrence window.

Across the entire study population, the mean time from the
index CDI to first recurrence was 30.3 (SD, 14.0) days. Mean time
to the next recurrences were slightly longer, with 36.9 (SD, 15.1)
days between the first rCDI to the second rCDI, and 44.0 (SD,
14.7) days between the second rCDI to the third rCDI.

Pre-index exposures

In the 12 months prior to the index episode of CDI, >83% of
patients in the rCDI cohorts received antimicrobials for other indi-
cations besides CDI, and more than half received gastric acid sup-
pressing medications (Table 1). Antimicrobial use was high across
all cohorts, approaching 90% in the ≥3 rCDI cohort. The propor-
tion of patients with pre-index transplants (solid organ or hemato-
poietic stem cell) in the ≥3 rCDI cohort was 4 times higher than in
the 2 rCDI cohort and 9 times higher than in the no-rCDI cohort.

Healthcare resource utilization (HRU) was higher during the
6 months immediately before the CDI index episode compared
to 7–12 months before the index episode (Table 1). Comparing
the 7–12 month pre-index period with the 0–6 month pre-index
period, we detected trends for a higher proportion of patients with
≥1 hospital admission (55.1% vs. 27.5%), ≥1 ED visit (41.3% vs
27.4%), and ≥4 outpatient visits (86.2% vs 78.0%). In the 0–6
month pre-index period, the highest rates of inpatient admission
and ED visits occurred in the≥3 rCDI cohort, with 44.8% having at
least 1 ED visit.

Post-index procedures

In total, 6.0% of patients with rCDI underwent all-cause subtotal
colectomy and 1.1% of patients underwent all-cause diverting loop
ileostomy during the 12-month follow-up period. Among the first
bowel surgeries observed after a CDI episode, 51.4% of subtotal

colectomies and 65.9% of diverting loop ileostomies occurred after
the first or subsequent rCDI episode, with the remaining surgeries
occurring after the index CDI (Fig. 2).

Fecal microbiota transplant (FMT) was performed in 1.1% of
the overall study population including 0.4% (n= 638) of those in
the no rCDI cohort, 1.1% (437) of the 1 rCDI cohort, 2.1% (492) of
the 2 rCDI cohort, and 4.5% (1,454) of the ≥3 rCDI cohort.
Multiple FMT were performed in 326 (10.8%) of 3,021 patients.

Post-index clinical complications

Incident psychiatric conditions were diagnosed in a notable pro-
portion of patients with CDI or rCDI, ranging from 16.2% to
18.2% of each rCDI cohort, with most of these patients showing
a new diagnosis for anxiety, delirium, or depression (Table 2).

During the 12-month follow-up, 80,502 patients (30.0%) with
CDI or rCDI experienced 1 or more all-cause sepsis episodes, and
sepsis occurred in 27.0% of patients with no recurrence, compared
to 35.5% of patients with ≥1 recurrence (Table 2). Sepsis was also
evaluated by timing, with all instances captured after each CDI epi-
sode. After each CDI episode, ∼1 in 5 patients had a documented
sepsis event (Fig. 3).

Discussion

More than one-third of elderly patients with CDI in this 100%
Medicare FFS population had at least 1 recurrence after an initial
episode, and ∼58% of patients with 1 or 2 rCDIs had an additional
recurrence(s). The high recurrence rates were likely due to the
older age of the population, other patient risk factors associated
with older age such as comorbid conditions and recent medical
treatments and procedures, the data source reflecting a broad range
of care settings, and a long follow-up window to tally recurrence(s)
versus a shorter 30-day window used in other analyses. The time to
recurrence across all 3 rCDI cohorts was ∼1 month in our study,
similar to data reported elsewhere.12,15 This 4-week period presents
a known “window of vulnerability”when it is hypothesized that the
gut microbiome is reconstituting and ideally fighting off the infec-
tion, and when modifiable underlying risk factors for recurrence
can be altered.

The rates of organ, tissue, and/or blood cell transplantation
prior to the initial episode of CDI trended higher in those with
more recurrences. In a retrospective study of patients receiving

Fig. 1. Study design. (a) Definition of index
CDI episode, including CDI claims (red), the
14-day CDI claim-free period after last CDI
claim, and 8-week period to identify rCDI.
(b) Definition of rCDI episodes. The rCDI epi-
sode (orange) indicates a hypothetical point
at which the first rCDI episode occurs during
the 8-week window after the index CDI claim-
free period. Following this first rCDI episode, a
new 14-day claim-free period occurs plus a
new window for a subsequent rCDI episode.
Multiple rCDI could occur after an index CDI
event in this manner, until 12 months follow-
ing the index CDI date.
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solid-organ or hematopoietic stem cell transplants, ∼15%–20%
developed CDI after transplantation, withmost infections occurring
within 30 days of the transplant (median follow-up, 1.9 years).16 In
patients receiving a liver transplant, CDI was associated with higher

in-hospital mortality than those not developing this infection (5.5%
vs 3.2%, P< .001).17 CDI carried a 2-fold increased risk of graft loss
in solid-organ transplantation, compared with patients who did not
develop this infection.18,19 After organ transplantation, patients are

Table 1. Patient Characteristics, CDI-specific Risk Factors, and Healthcare Resource Utilization During 12-month Pre-index Period

Characteristic
No rCDI

(N = 175,554)
1 rCDI

(N = 38,163)
2 rCDI

(N = 22,898)
≥3 rCDI

(N = 32,147)
National Cohorta

(N = 4,797,475)

Demographics

Age, y, mean (SD) 78.5 (8.0) 78.1 (7.9) 78.3 (7.9) 77.9 (8.0) 75.4 (7.9)

Sex, female, % 69.2 69.1 69.0 67.5 59.1

Census region

Northeast 21.0 21.8 21.8 22.2 19.3

Midwest 25.1 26.0 26.7 28.8 23.1

South 37.7 36.5 35.7 32.5 38.4

West 16.0 15.6 15.8 16.4 18.9

Unknown 0.2 0.1 0.1 0.04 0.3

Medical comorbidities

CCI score, mean (SD) 5.0 (3.4) 5.2 (3.4) 5.2 (3.4) 5.2 (3.5) 4.0 (3.8)

Chronic pulmonary disease, % 49.5 50.6 50.5 49.4 40.7

CVD, % 38.3 39.9 39.1 37.3 33.3

Diabetes, % 45.5 45.8 45.2 44.3 41.7

Heart failure, % 43.3 45.3 44.5 43.5 24.0

PVD, % 42.8 44.6 44.1 43.0 35.4

Renal disease, % 37.6 39.7 40.4 43.2 22.6

Crohn’s disease, % 2.2 2.4 2.5 2.2 : : :

Ulcerative colitis, % 5.1 6.3 6.5 6.2 : : :

Medication exposure, %

Antimicrobials 83.0 85.3 86.8 89.8 : : :

Chemotherapy 44.4 45.8 46.0 50.0 : : :

Gastric acid-suppressing agents 50.6 51.1 52.1 54.0 : : :

Immunosuppressant agents 3.3 3.9 4.2 5.9 : : :

Procedures, %

Chemotherapy 44.4 45.8 46.0 50.0 : : :

Enteral feeding 29.9 31.7 30.8 30.2 : : :

GI surgery 3.9 4.5 4.2 4.3 : : :

Organ, tissue, or blood cell transplant 1.4 2.3 3.4 12.4 : : :

Healthcare resource utilization

0–6 months pre-index

Patients with inpatient admission, % 52.8 58.0 59.4 60.7 : : :

Patients with ED visit, % 40.2 41.6 43.7 44.8 : : :

Outpatient visits per patient, mean (SD) 10.4 (7.9) 11.2 (8.4) 11.5 (8.5) 12.4 (9.1) : : :

7–12 months pre-index

Patients with inpatient admission, % 27.4 27.7 27.5 27.7 : : :

Patients with ED visit, % 27.1 27.5 28.3 27.8 : : :

Outpatient visits per patient, mean (SD) 8.8 (7.3) 9.2 (7.6) 9.2 (7.5) 9.6 (7.9) : : :

Note. CCI, Charlson comorbidity index; CVD, cerebrovascular disease; ED, emergency department; GI, gastrointestinal; PVD, peripheral vascular disease; SD, standard deviation.
aSelect reference data were obtained from the entire population of patients who were enrolled in Medicare FFS with medical and pharmacy benefits for at least 6 months between January 1,
2016 and December 31, 2016.
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at increased risk for developing CDI; this complication remarkably
increases the risk for poor outcomes including mortality and loss of
the transplanted organ.

Sepsis is more common in older adults, likely due to age-related
changes that leave the elderly more susceptible to infection, and it
is a common complication of CDI.4,20,21 During follow-up of our
elderly population, 35% of patients with rCDI experienced all-
cause sepsis. In a retrospective, multicenter study of 440 patients
hospitalized for CDI (mean age, 74 years), the 30-day mortality
rate for patients with CDI who developed bloodstream infections
was 38.9%.22 In a separate study, patients who had an initial hos-
pitalization for CDI had a 10.7% adjusted probability of 90-day

readmission for sepsis, compared with a 4.1% probability in
patients who had an initial hospitalization for noninfectious rea-
sons.23 Among Medicare FFS beneficiaries with sepsis, 6-month
mortality rates were 35%–60%, depending on the severity of illness
and complications.24 Sepsis in the elderly population is also asso-
ciated with substantial morbidity, including cognitive impairment
and reduced ability to carry out activities of daily living.20 From this
claims analysis, we were unable to determine whether CDI was the
cause of sepsis. Despite a clear association between CDI and sepsis,
the mechanisms have not been elucidated. Proposed mechanisms
include the disruption of the microbiota, and the breakdown of the
epithelial barrier after exposure to CDI toxins.25 As a result of the

Fig. 2. Timing of the first bowel surgery. All-
cause subtotal colectomy was performed on
6.0% of all patients with CDI and was most com-
monly performed after the index CDI episode.
All-cause diverting loop ileostomy was per-
formed on 1.1% of all patients with CDI and
was most commonly performed after the fourth
or subsequent rCDI episode.

Table 2. All-Cause Procedures and Complications During 12-Month Post-Index Follow-up

Patients with, %
No rCDI

(N = 175,554)
1 rCDI

(N = 38,163)
2 rCDI

(N = 22,898)
≥3 rCDI

(N = 32,147)

Bowel surgery

Subtotal colectomy 5.8 6.7 6.4 5.9

Diverting loop ileostomy 1.0 1.4 1.3 0.9

Complication

Sepsis 27.0 35.1 35.7 35.9

Irritable bowel syndromea 3.5 4.2 4.6 4.7

Psychiatric conditiona 16.2 18.2 17.6 16.9

Anxiety 13.9 15.6 15.2 14.4

Delirium 11.3 13.5 12.9 12.4

Depression 15.3 18.2 16.9 16.1

Post-traumatic stress disorder 0.3 0.3 0.4 0.3

Note. rCDI, recurrent Clostridioides difficile infection.
aIncident diagnosis: no prior claim for the condition in the 12-month pre-index window.
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high mortality rates associated with sepsis and our exclusion of any
patient who died for any reason during 12-month follow-up, our
rates of CDI and rCDI may have been underestimated.

In patients with the most severe forms of CDI, surgical inter-
vention is needed as a life-saving measure. In our cohort, subtotal
colectomy or diverting loop ileostomy was performed on a small
but notable proportion of patients, with some performed after
the index CDI episode. As a result of the severity of the CDI that
requires surgical intervention and themorbidity surrounding these
surgical procedures, mortality following partial or total colectomy
is known to be high, averaging ∼50% and ranging from 30% to
80%, depending on the patient population and the healthcare set-
ting.26,27 Individuals aged >80 years had a significantly higher risk
of 30-day mortality following colectomy for CDI.26 Increased
patient medical comorbidity is also a significant predictor of worse
outcomes, including 30-day mortality, morbidity, and severe mor-
bidity, after colectomy following CDI.28

The burden of CDI on patients is not just physical. A survey of
350 patients self-reporting CDI showed that 15% of those with cur-
rent CDI and 20% of those with past CDI reported depression, and
of those patients with past CDI who reported depression, 91.3%
reported that CDI increased the activity or severity of their depres-
sion.5 A multinational health and wellness survey including 2,410
individuals with CDI showed those with past CDI had significantly
lower scores for mental health compared to those with no CDI, and
those with current CDI had significantly lower mental health
scores than those with past CDI.29 This impact was also seen in
our study; 16%–18% of the cohorts had newly occurring psychiat-
ric diagnoses and related visits following index CDI. This finding
emphasizes that CDI affects patients in many ways, including a sig-
nificant emotional burden. The rates described in our studymay be
underestimates because many psychiatric illnesses in elderly indi-
viduals remain undiagnosed.30,31 An interplay between gut dysbio-
sis and changes in neurological function may play a role in
psychiatric illness seen after CDI.32 CDI may be only a marker
of dysbiosis and not be causally related to mental illness.
Alternatively, rCDI may precipitate a posttraumatic stress disor-
der, with a fear of recurrence and future antimicrobial needs.
Given the complicated interplay between so many variables, addi-
tional research to establish the connection between psychiatric dis-
ease and CDI is required.

FMT is a guideline-recommended therapeutic for patients
with multiple CDI recurrences who have failed antibiotic inter-
ventions.33,34 Since 2013, use of FMT for CDI has also been enabled

by an enforcement discretion from the FDA.35 Medicare provides
coverage for FMT, but the level of reimbursement appears to be
insufficient.36,37 FMT was performed in 1.1% of all patients with
CDI in the study, reflecting the policy impact of the prevailing sci-
ence, the US regulatory body, and the primary payer. Our study
revealed that 80.7% of the first FMT procedures were performed
after a recurrent episode. A previous study of commercial claims
in the United States showed that 0.7% of adults <65 years with
CDI received FMT.4 The use of FMT earlier in the treatment para-
digm would likely decrease the downstream costs associated with
future recurrence and burden of disease.

We designed our analysis to collect outcomes data using a full
12-month follow-up to ensure we can depict the clinical burden
clearly, and we therefore did not include patients who died or
changed enrollment from FFS to a Medicare Advantage plan dur-
ing the follow-up period. The clinical experience of patients who
died is expected to be distinctly different than that of patients
who survived and, as such, a separate study with a different ana-
lytical design will be published on that cohort of patients with CDI.
Patients who died within the recurrence window after an initial
CDI episode did not have the chance to experience an rCDI, which
may have led to underestimation of the true rates of CDI and rCDI
in this study. Medicare’s coverage policy is narrower than that of
commercial insurance; therefore, a range of services not covered by
Medicare could have been provided and paid for by the patient or
supplemental insurance, which would not be accounted for in our
analysis. During the study period, Medicare FFS included >70% of
all Medicare beneficiaries.38 Although the data are generalizable to
the Medicare FFS population, some Medicare beneficiaries self-
select to join a Medicare Advantage plan and our study findings
may not fully represent that cohort. For example, previous studies
have shown that beneficiaries enrolled in Medicare Advantage
plans were more likely female, Hispanic, less educated, and have
fewer chronic health conditions than beneficiaries enrolled in
Medicare FFS.39 Finally, the question of whether patients are
experiencing a recurrence of the same infection versus a new
“reinfection” when they represent is always considered. In clinical
practice, we are unable to differentiate these 2 scenarios; here, we
assumed that any patient re-presenting clinically with CDI within
8-weeks of completion of therapy has a “recurrence,” thereby fol-
lowing the clinical norms of practice.

The strengths of our study include the use of a large, representative
sample of elderly patients with CDI and rCDI in the United States
from 100% Medicare claims data that include medical and

Fig. 3. Proportion of patients experiencing sepsis, by recur-
rence cohort. During the 12-month follow-up, 80,502 patients
(30.0%) with CDI or rCDI experienced sepsis. All instances of
sepsis were counted and, therefore, 1 patient could have had
multiple sepsis events during follow-up. Sepsis events after
the fourth or later CDI recurrence were not reported.
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prescription claims from all settings of patient care. In this population,
health insurance coverage is not employment related, thus leading to a
robust longitudinal follow-up and allowing for a 12-month pre-index
period to observe the very different healthcare usage during the 6
months immediately prior to the primary CDI compared with earlier
(baseline) health status.

Patients with CDI and rCDI experience a significant clinical
burden, which could lead to a poor quality of life. These results
may inform future cost–benefit analyses of older patients who
experience CDI and survive. Future studies could be conducted
to explore statistical associations between the CDI cohort and
the national Medicare population, or between those who expe-
rienced only the primary CDI versus those who experienced a
recurrence. One of the best strategies to mitigate the deleterious
effects of CDI in older individuals is to focus on CDI preven-
tion.40 Reduction of rCDI is an important step to reduce the bur-
den of this disease and its related complications in older adults.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/ash.2022.2

Acknowledgments. Medical writing and editorial support were provided by
Agnella Izzo Matic, PhD, CMPP (AIM Biomedical, LLC). The authors thank
Alexis Parente, Takara A. Scott, Mena Boules, Laura Stong and Sudhir Unni
for their contribution to study design and analysis.

Financial support. The study was funded by Ferring Pharmaceuticals.

Conflicts of interest. Drs. Nelson and Dahdal were employees of Ferring
Pharmaceuticals Inc at the time of the study. Dr. Teigland is an employee of
Avalere Health and provided consulting services to Ferring Pharmaceuticals.
Dr. Feuerstadt has served on the speaker’s bureau for Merck and Co, and he
has served as a consultant for Ferring Pharmaceuticals, SERES Therapeutics,
and Roche Pharmaceuticals.

References

1. Guh AY, Mu Y, Winston LG, et al. Trends in US burden of Clostridioides
difficile infection and outcomes. N Engl J Med 2020;382:1320–1330.

2. Smits WK, Lyras D, Lacy DB, Wilcox MH, Kuijper EJ. Clostridium difficile
infection. Nat Rev Dis Prim 2016;2:16020.

3. Lessa FC, Mu Y, Bamberg WM, et al. Burden of Clostridium difficile infec-
tion in the United States. N Engl J Med 2015;372:825–834.

4. Feuerstadt P, Boules M, Stong L, et al. Clinical complications in patients
with primary and recurrent Clostridioides difficile infection: a real-world
data analysis. SAGE Open Med 2021;9:1–8.

5. Lurienne L, Bandinelli P-A, Galvain T, Coursel C-A, Oneto C, Feuerstadt P.
Perception of quality of life in people experiencing or having experienced a
Clostridioides difficile infection: a US population survey. J Patient Rep
Outcomes 2020;4:14.

6. Pechal A, Lin K, Allen S, Reveles K. National age group trends in
Clostridium difficile infection incidence and health outcomes in United
States community hospitals. BMC Infect Dis 2016;16:682.

7. Balsells E, Shi T, Leese C, et al. Global burden of Clostridium difficile infec-
tions: a systematic review and meta-analysis. J Glob Health 2019;9(1). doi:
10.7189/jogh.09.010407

8. Deshpande A, Pasupuleti V, Thota P, et al. Risk factors for recurrent
Clostridium difficile infection: a systematic review and meta-analysis.
Infect Control Hosp Epidemiol 2015;36:452–460.

9. Nour Abou Chakra C, Pepin J. Risk factors for recurrence, complications an
mortality in Clostridium difficile infection: a systematic review. PLoS One
2014;9:e98400.

10. Tariq R, Hayat M, Pardi D, Khanna S. Predictors of failure after fecal
microbiota transplantation for recurrent Clostridioides difficile infection: a
systematic review and meta-analysis. Eur J Clin Microbiol Infect Dis 2021;40:
1383–1392.

11. Feuerstadt P, Aroniadis OC, Svedlund FL, et al. Heterogeneity of random-
ized controlled trials of fecal microbiota transplantation in recurrent
Clostridioides difficile infection. Dig Dis Sci 2021. doi: 10.1007/s10620-
021-07141-9.

12. Feuerstadt P, Stong L, Dahdal DN, Sacks NC, Lang K, Nelson WW.
Healthcare resource utilization and direct medical costs associated with
index and recurrentClostridioides difficile infection: a real-world data analy-
sis. J Med Econ 2020;23:603–609.

13. Shorr AF, Zilberberg MD, Wang L, Baser O, Yu H. Mortality and costs of
Clostridium difficile infection among the elderly in the United States. Infect
Control Hosp Epidemiol 2016;37:1331–1336.

14. Clostridioides difficile infection. Centers for Disease Control and Prevention
website. https://www.cdc.gov/hai/eip/cdiff-tracking.html. Accessed October
8, 2020.

15. Kelly CP. Can we identify patients at high risk of recurrent Clostridium dif-
ficile infection? Clin Microbiol Infect 2012;18:21–27.

16. Ilett EE, Helleberg M, Reekie J, et al. Incidence rates and risk factors of
Clostridioides difficile infection in solid organ and hematopoietic stem cell
transplant recipients. Open Forum Infect Dis 2019;6:ofz086.

17. Ali M, Ananthakrishnan AN, Ahmad S, Kumar N, Kumar G, Saeian K.
Clostridium difficile infection in hospitalized liver transplant patients: a
nationwide analysis. Liver Transpl 2012;18:972–978.

18. Cusini A, Béguelin C, Stampf S, et al. Clostridium difficile infection is asso-
ciated with graft loss in solid-organ transplant recipients. Am J Transpl
2018;18:1745–1754.

19. Li GJ, Trac J, Husain S, Famure O, Li Y, Kim SJ. Incidence, risk factors, and
outcomes of Clostridium difficile infections in kidney transplant recipients.
Transplantation 2018;102:1576–1581.

20. Rowe TA, McKoy JM. Sepsis in older adults. Infect Dis Clin N Am 2017;
31:731–742.

21. Lee S-H, Hsu T-C, Lee MG, et al. Nationwide trend of sepsis: a comparison
among octogenarians, elderly, and young adults. Crit Care Med 2018;46:
926–934.

22. Falcone M, Russo A, Iraci F, et al. Risk factors and outcomes for blood-
stream infections secondary to Clostridium difficile infection. Antimicrob
Agents Chemother 2016;60:252–257.

23. Prescott HC, Dickson RP, Rogers MAM, Langa KM, Iwashyna TJ.
Hospitalization type and subsequent severe sepsis. Am J Respir Crit Care
Med 2015;192:581–588.

24. Buchman TG, Simpson SQ, Sciarretta KL, et al. Sepsis among Medicare
beneficiaries: 1. The burdens of sepsis, 2012–2018. Crit Care Med 2020;48:
276–288.

25. Baggs J, Jernigan JA, Halpin AL, Epstein L, Hatfield KM, McDonald LC.
Risk of subsequent sepsis within 90 days after a hospital stay by type of anti-
biotic exposure. Clin Infect Dis 2019;66:1004–1012.

26. Kulaylat AS, Kassam Z, Hollenbeak CS, Stewart DB. A surgicalClostridium-
associated risk of death score predicts mortality after colectomy for
Clostridium difficile. Dis Colon Rectum 2017;60:1285–1290.

27. Chan S, Kelly M, Helme S, Gossage J, Modarai B, Forshaw M. Outcomes
following colectomy for Clostridium difficile colitis. Int J Surg 2009;7:
78–81.

28. Venkat R, Pandit V, Telemi E, Trofymenko O, Pandian TK, Nfonsam VN.
Frailty predicts morbidity andmortality after colectomy forClostridium dif-
ficile colitis. Am Surg 2018;84:628–632.

29. Heinrich K, Harnett J, Vietri J, Chambers R, Yu H, Zilberberg M.
Impaired quality of life, work, and activities among adults with
Clostridium difficile infection: a multinational survey. Dig Dis Sci 2018;
63:2864–2873.

30. Park M, Unützer J. Geriatric depression in primary care. Psychiatr Clin N
Am 2011;34:469–487.

31. Bor JS. Among the elderly, many mental illnesses go undiagnosed. Heal Aff
2015;34:727–731.

32. Rogers GB, Keating DJ, Young RL, Wong M-L, Licinio J, Wesselingh S.
From gut dysbiosis to altered brain function andmental illness: mechanisms
and pathways. Mol Psychiatr 2016;21:738–748.

33. McDonald LC, GerdingDN, Johnson S, et al.Clinical practice guidelines for
Clostridium difficile infection in adults and children: 2017 update by the

Antimicrobial Stewardship & Healthcare Epidemiology 7

https://doi.org/10.1017/ash.2022.2
https://doi.org/10.7189/jogh.09.010407
https://doi.org/10.1007/s10620-021-07141-9
https://doi.org/10.1007/s10620-021-07141-9
https://www.cdc.gov/hai/eip/cdiff-tracking.html


Infectious Diseases Society of America (IDSA) and Society for Healthcare
Epidemiology of America (SHEA). Clin Infect Dis 2018;66:e1–e48.

34. Kelly CR, FischerM, Allegretti JR, et al.ACG clinical guidelines: prevention,
diagnosis, and treatment of Clostridioides difficile infections. Am J
Gastroenterol 2021;116:1124–1147.

35. Center for Biologics Evaluation and Research. Enforcement policy regarding
investigational new drug requirements for use of fecalmicrobiota for transplan-
tation to treat Clostridium difficile infection not responsive to standard thera-
pies: draft guidance for industry. US Food and Drug Administration website.
https://www.fda.gov/media/96562/download. Accessed March 4, 2022.

36. Joseph J, Saha S, Greenberg-Worisek AJ. Fecal microbiota transplantation:
an ambiguous translational pathway for a promising treatment. Clin Transl
Sci 2019;12:206–208.

37. Part 15 hearing: use of fecal microbiota for transplantation to treat
Clostridium difficile. US Food and Drug Administration website. https://
www.fda.gov/media/134094/download. Accessed March 4, 2022.

38. Jacobson G, Freed M, Damico A, Neuman T. A dozen facts about Medicare
advantage in 2019. Kaiser Family Foundation website. http://files.kff.org/
attachment/Data-Note-A-Dozen-Facts-About-Medicare-Advantage-in-2019.
Published 2019. Accessed March 4, 2022.

39. Miller EA, Decker SL, Parker JD. Characteristics of Medicare advantage and
fee-for-service beneficiaries upon enrollment inMedicare at age 65. J Ambul
Care Manag 2016;39:231–241.

40. Rauseo AM, Olsen MA, Reske KA, Dubberke ER. Strategies to prevent
adverse outcomes following Clostrioidides difficile infection in the elderly.
Expert Rev Anti-infect Ther 2020;18:203–217.

8 Paul Feuerstadt et al

https://www.fda.gov/media/96562/download
https://www.fda.gov/media/134094/download
https://www.fda.gov/media/134094/download
http://files.kff.org/attachment/Data-Note-A-Dozen-Facts-About-Medicare-Advantage-in-2019
http://files.kff.org/attachment/Data-Note-A-Dozen-Facts-About-Medicare-Advantage-in-2019

	Clinical burden of recurrent Clostridioides difficile infection in the medicare population: A real-world claims analysis
	Methods
	Study design and patient identification
	Data sources
	Pre-index period
	Post-index outcomes
	Data analysis

	Results
	Demographics
	Recurrences
	Pre-index exposures
	Post-index procedures
	Post-index clinical complications

	Discussion
	References


