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objective. To examine attributable mortality and costs of Clostridium difficile infection (CDI) in the Medicare population.

design. A population-based cohort study among US adults aged at least 65 years in the 2008–2010 Medicare 5% sample, with follow-up of
12 months.

patients. Incident CDI episode was defined by the International Classification of Diseases, Ninth Revision, Clinical Modification code of
008.45 and no other occurrences within the preceding 12 months. To quantify the adjusted mortality and costs we developed a 1:1 propensity-
matched sample of CDI and non-CDI patients.

results. Among 1,165,165 patients included, 6,838 (0.6%) had a CDI episode in 2009 (82.5% healthcare-associated). Patients with CDI
were older (mean [SD] age, 81.0± 8.0 vs 77.0± 7.7 years, P< .001), were more likely to come from the Northeast (27.4% vs 18.6%, P< .001),
and had a higher comorbidity burden (Charlson score, 4.6± 3.3 vs 1.7± 2.1, P< .001). Hospitalizations (63.2% vs 6.0%, P< .001) and
antibiotics (33.9% vs 12.5%, P< .001) within the prior 90 days were more common in the group with CDI. In the propensity-adjusted analysis,
CDI was associated with near doubling of both mortality (42.6% vs 23.4%, P< .001) and total healthcare costs ($64,807± $66,480 vs
$38,128± $46,485, P< .001).

conclusions. Among elderly patients, CDI is associated with an increase in adjusted mortality and healthcare costs following a CDI
episode. Nationwide annually this equals 240,000 patients with CDI, 46,000 potential deaths, and more than $6 billion in costs.
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Clostridium difficile infection (CDI) presents a considerable
clinical challenge. Between 2000 and 2010, the number of
hospitalizations related to CDI in the United States doubled,
and predictions for 2011 and 2012 suggest rapidly increasing
growth.1 Beyond this increase in the total burden of this
disease, its associated mortality doubled between 2000 and
2005, and doubled yet again between 2007 and 2011, a
phenomenon most likely related to the emergence in the early
2000s of the hypervirulent NAP1 strain of C. difficile.2–4

The implications of CDI are particularly pronounced
among the elderly, whose risk of contracting this disease is a
staggering 26-fold higher than that for 1–17-year-olds, 13
times that among 18–44-year-olds, and 4 times that among
45–64-year-olds.2 People who are 65 years old or older, in fact,
represent more than 50% of all CDI cases in the United States,
or nearly 260,000 cases annually.2 This number is expected to
continue growing not only because of the steady rise in

CDI incidence, but also because of changing demographic
characteristics, with this age group likely to double in size in
the United States from 40 million in year 2010 to 83 million
in 2050.5

Such combined growth will certainly present a formidable
burden to our already strained healthcare financing system in
general, and to Medicare in particular because it represents the
primary payer for services in the elderly. The current estimate
of the total financial burden of CDI in the United States is up
to nearly $6 billion annually, and this represents only expenses
associated with hospitalization.6

As the Centers for Medicare and Medicaid Services continue
to work toward reducing healthcare expenditures while at the
same time improving the quality of healthcare delivery, one
key step is to attempt to fully understand the complex range of
clinical and economic outcomes associated with CDI in the
elderly. To address this gap in needed evidence, we conducted

Affiliations: 1. Washington Hospital Center, Washington, DC; 2. EviMed Research Group, Goshen, Massachusetts; 3. School of Public Health and Health
Sciences, University of Massachusetts, Amherst, Massachusetts; 4. STATinMED Research, Ann Arbor, Michigan; 5. Center for Innovation & Outcomes
Research, Department of Surgery, Columbia University, New York, New York; 6. Pfizer, Collegeville, Pennsylvania. A.F.S. and M.D.Z. contributed equally to
this article.

Presented in part: 55th Interscience Conference on Antimicrobial Agents and Chemotherapy meeting; San Diego, California; September 18–21, 2015.

© 2016 by The Society for Healthcare Epidemiology of America. All rights reserved. 0899-823X/2016/3711-0009. DOI: 10.1017/ice.2016.188
Received March 31, 2016; accepted July 4, 2016; electronically published August 30, 2016

infection control & hospital epidemiology november 2016, vol. 37, no. 11

https://doi.org/10.1017/ice.2016.188 Published online by Cambridge University Press

https://doi.org/10.1017/ice.2016.188


a population-based cohort study among Medicare fee-for-
service patients to quantify the full annual burden of CDI the
United States and focused on costs related to both inpatient
and outpatient care.

methods

We conducted a population-based retrospective cohort study
among elderly adults in the United States, age 65 years or older,
enrolled in Medicare fee-for-service, to calculate the clinical
and economic burden of CDI. Because this study used already
existing fully deidentified data, the study was exempt from
institutional review board consideration.

Data Source

We examined the Medicare 5% random sample of data
from Centers for Medicare and Medicaid Services for years
2008 through 2010. This includes hospital insurance
(Part A—payment for hospital, skilled nursing facility [SNF],
home health and hospice care), supplementary medical insur-
ance (Part B—optional coverage; pays for physician, outpatient
hospital, home health and laboratory tests, and durable medical
equipment), and prescription medications (Part D—optional
coverage) for eligible enrollees. Because someMedicare enrollees
may also be covered by Medicaid, we linked the Medicare 5%
sample with 100% of the Medicaid Claims data.

Cohort and Outcome Definitions

Patients were included if they were aged 65 years or older as of
January 1, 2009, and covered continuously by Medicare fee-
for-service (Parts A and B) from January 1, 2008, through
December 31, 2009. The primary outcome of interest was
mortality at 30, 60, and 180 days and at 1 year following the
onset of the index CDI episode. Secondary outcomes were
costs attributable to CDI within 2 months and 1 year following
the incident episode. We defined an incident CDI episode by at
least 1 appearance of the International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) code 008.45
in the Medicare or Medicaid claims with no other occurrences
within the preceding 12 months. All other appearances of the
corresponding ICD-9-CM code were deemed repeat episodes.
The location of the onset (eg, community, hospital) of the
incident CDI case was examined. CDI was further subdivided
into healthcare-associated (HA) and community-associated.
The disease was classified as HA if there was evidence of an
acute or a SNF hospitalization within 12 weeks preceding the
incident CDI episode, or if the ICD-9-CM code for CDI was
not the principal hospitalization diagnosis. In the absence of
such exposure or if the CDI code appeared as the principal
diagnosis for a hospitalization, the infection was considered
community-associated.

The first date of CDI claim was used as the index date for the
CDI cohort. The eligible Medicare enrollees without a CDI

diagnosis from January 1, 2008, through December 31, 2010,
served as the control group and were randomly assigned an
index date in 2009. The 12 months prior to this index date was
used as an observation period for baseline demographic and
clinical characteristics and healthcare utilization parameters.
Patients were followed up for 12 months after their index date
or until death for the outcomes of interest.

Statistical Analyses

We compared the baseline characteristics of patients with CDI
and those without. The χ2 test evaluated differences in cate-
gorical variables and the t test in continuous variables. In
addition to P values, standardized differences were calculated
for each variable. Standardized difference is defined as an
absolute difference in sample means between the groups
divided by the estimate of pooled standard deviation; they are
used to distinguish clinical versus statistical significance in
large samples, where the risk of type 1 error is high and the
threshold of 10% or greater is recognized as a clinically
important difference.7

To compute attributable mortality and costs, we used a greedy
matchmethod to develop a CDI propensity model, andmatched
CDI-positive with CDI-negative patients on their propensity
scores (PS) at a 1:1 ratio to within 0.001 unit of PS.8 The PS was
calculated via a logistic regression model of factors associated
with the risk of CDI, including patient age, gender, race, census
region, and comorbidities using Charlson comorbidity score.9

Because inflammatory bowel disease is known to predispose to
CDI, we included the presence of inflammatory bowel disease,
defined as evidence of either ulcerative colitis and/or Crohn
disease ICD-9-CM codes.10 Such other known CDI risk factors
as prior hospitalizations, nursing home stays, antibiotic expo-
sure, and gastric acid suppressant use within 90 days and within
1 year prior to the incident CDI were also included in the
regressionmodel. Healthcare utilization parameters examined in
the observation period were claims ($US amount) per month
stratified by the location of the encounter (eg, inpatient,
outpatient, SNF), as well as total healthcare costs. To assess how
well the PS matching was able to control for the various con-
founding factors, we compared baseline characteristics between
CDI-positive and matched CDI-negative groups. We derived
CDI-attributable costs and mortality by computing the
differences in these values between the propensity-matched
CDI-positive and CDI-negative groups.
Statistical significance was set a priori at the alpha < .05. All

analyses were performed with SAS, version 9.3 (SAS Institute).

results

Among the 1,165,165 patients meeting the inclusion criteria,
6,838 (0.6%) had at least 1 episode of CDI during the study
period (82.5% HA CDI). Of these CDI cases we were able to
PS match 6,761 (98.9%; 82.3% HA CDI) to 6,761 patients
without CDI. Online Supplementary Table 1 shows baseline
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characteristics of the comparator groups before and after the
matching procedure.

Before matching, there were many differences between
those with and those without a CDI episode (Online
Supplementary Table 1). Age, the proportion of women, the
burden of comorbidities, prior hospitalization, antibiotic use,
nursing home admissions, and healthcare utilization were all
considerably higher in the CDI-positive than the CDI-negative
group. After PS matching, most of the previously observed
differences between the groups attenuated substantially or
disappeared altogether (Online Supplementary Table 1).
Although some of the differences retained statistical sig-
nificance at P< .05 even after PS matching, most likely due to
the large sample size, the only parameters to retain the
standard difference with a threshold of 10% or greater were the
number of days spent in a hospital both over the 12 months
prior to the index CDI episode (mean [± SD], 20.1± 20.3
CDI-positive vs 18.0± 22.8 CDI-negative) and over the
90 days prior to it (14.4± 13.0 CDI-positive vs 10.8± 10.6
CDI-negative).

The outcomes of interest in the PS-matched groups exhib-
ited striking differences, however (Table 1). At each time point

examined (30, 60, and 180 days and 1 year), mortality among
patients with a CDI episode was 2-3 times that observed in the
CDI-negative group (eg, 42.6% CDI-positive vs 23.4%
CDI-negative, P< .001, or 19.2% CDI-attributable 1-year
mortality). As for healthcare costs over the ensuing year,
inpatient stays represented the highest Medicare expenses in
both CDI-positive (mean [± SD], $30,742± $43,879) and
CDI-negative ($11,354± $23,007) groups, P< .001, with the
CDI-attributable inpatient cost of $19,387± $48,949 to
Medicare. Though several other cost centers differed between
the groups, the most striking differences were detected in the
SNF costs ($9,201± $15,509 CDI-positive vs $4,434±
$11,122, P< .001, CDI-negative attributable cost of $4,767±
$18,500), and carrier claims (claims made by clinicians not
affiliated with hospitals), ($9,883± $11,869 CDI-positive vs
$6,504± $9,479 CDI-negative, P< .001, CDI-attributable cost
of $3,379±$15,068). Adding all of these separate costs
together produced the annual CDI-attributable Medicare
cost of $27,421±$72,793 per patient (Table 1). The cost
differences exhibited a similar pattern at 2 months following
the incident CDI (Table 1), with CDI-specific costs for an
HA-CDI episode ($19,858± $28,050) nearly triple those for a

table 1. CDI Attributable Mortality and Costs

CDI+ CDI−

N N
Standard

CDI-attributable outcomes

Variable 6,761 % or SD 6,761 % or SD P value difference % or mean SD

Mean duration of follow up, days 245.3 148.2 306.7 113.0 <.0001 46.6
Mortality

30-day 990 14.6% 309 4.6% <.0001 34.7 10.0%
60-day 1493 22.1% 489 7.2% <.0001 42.9 14.9%
180-day 2335 34.5% 1021 15.1% <.0001 46.2 19.4%
1-year 2879 42.6% 1585 23.4% <.0001 41.6 19.2%

Mean Medicare costs 2 months following CDAD, $US
Inpatient $19,903 $31,353 $2,878 $9,713 <.0001 73.4 $17,025 $32,800
Outpatient $780 $2,022 $801 $2,184 .5514 1.0 −$22 $2,970
SNF $5,449 $9,455 $1,723 $5,572 <.0001 48.0 $3,726 $10,643
Hospice $435 $1,852 $334 $1,673 .0008 5.8 $102 $2,489
Home health $981 $2,025 $564 $1,593 <.0001 22.9 $417 $2,578
Durable equipment $180 $667 $174 $734 .6612 0.8 $5 $997
Carrier claims $4,488 $4,888 $1,547 $2,842 <.0001 73.6 $2,941 $5,559
Pharmacy $382 $1,015 $409 $934 .1108 2.7 −$27 $1,361
Total $32,598 $36,323 $8,430 $14,480 <.0001 87.4 $24,168 $38,365

Mean Medicare costs 1 year following CDAD, $US
Inpatient $30,742 $43,879 $11,354 $23,007 <.0001 55.3 $19,387 $48,949
Outpatient $3,428 $8,291 $3,725 $9,243 .0489 3.4 − $297 $12,423
SNF $9,201 $15,509 $4,434 $11,122 <.0001 35.3 $4,767 $18,500
Hospice $1,539 $5,955 $1,572 $6,648 .7616 0.5 −$33 $8,918
Home health $2,728 $5,481 $2,147 $5,197 <.0001 10.9 $582 $7,464
Durable equipment $899 $2,934 $897 $3,571 .9641 0.1 $3 $4,628
Carrier claims $9,883 $11,869 $6,504 $9,479 <.0001 31.5 $3,379 $15,068
Pharmacy $1,793 $4,395 $2,159 $4,523 <.0001 8.2 −$367 $6,269
Total $60,214 $62,770 $32,793 $41,162 <.0001 51.7 $27,421 $72,793

NOTE. CDAD, Clostridium difficile–associated diarrhea; CDI, C. difficile infection; SNF, skilled nursing facility.
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community-associated-CDI case ($7,754± $12,666) (Table 2).
The corresponding individual cost centers followed a pattern
similar to the itemized costs in the overall CDI group
(Table 2). Total Medicaid costs were in the range of $1,000 and
$5,000 at 2 months and 1 year, respectively, and did not differ
between the 2 groups at either time point (data not shown).

discussion

In the current study we demonstrate that in the Medicare
population, CDI is associated with a substantial rise in the risk
of mortality and a major impact on total Medicare costs over
the year following the index event. That is, CDI nearly doubles
the risk of death and increases total Medicare spending by
almost $30,000 per patient. Though most of this expenditure is
concentrated in the hospital, other settings contribute
substantially as well, particularly SNF (nearly $5,000) and
unaffiliated physician claims (>$3,000). Extrapolating these
values to the national CDI burden translates to 46,000 poten-
tial deaths, and more than $6 billion (2009 $US) in attributable
healthcare costs among 240,000 Medicare patients with CDI.

Several prior studies have addressed both mortality and
costs associated with CDI. Kwon and colleagues6 reviewed
studies published between 1997 and 2008, thus straddling the
periods before and after the emergence of the NAP1 strain.
They identified 8 studies reporting CDI-attributable mortality,
3 of which occurred in the epidemic setting. In these
reports mortality ranged from 1.5% in-hospital to 16.7% at
1 year.11–18 Our estimates of all-cause mortality among CDI
patients (at 30 days: 15%; at 180 days: 35%; at 1 year: 43%) are
similar to those reported by others (at 30 days: 16.3%-17.5%;
at 180 days: 38%; at 1 year: 37.3%), regardless of the interval
of observation.14,15,17,18 Therefore, the difference in the
corresponding attributable mortality between those studies
and ours lies clearly in the comparator groups. That is, all

studies reviewed by Kwon et al6 focused on hospitalized
cohorts of patients, both with and without CDI. Because our
study was not limited to inpatient population, most of our
CDI-negative patients were not identified while in the hospital,
putting them at a much lower risk for death.
In addition to studies reporting mortality, Kwon and

colleagues6 also examined studies reporting CDI-attributable
costs.13,14,16,19–23 The range of costs associated with CDI in the
reviewed studies was vast, spanning from $6,000 to more than
$33,000 in 2012 $US. Each of the 8 studies included, however,
focused solely on hospital costs associated with CDI, and most
limited cost estimates to a single index CDI hospitalization.
The authors of the review noted that those studies utilizing
propensity scoring adjusted for the highest number of covari-
ates and hence were associated with the lowest estimates for
attributable costs.6 They explained this phenomenon at least in
part by invoking a high degree of residual confounding in
studies with fewer covariates. Our findings, however, contra-
dict this hypothesis. We propensity-adjusted for fully 77
covariates, a number comparable with those used by Dubberke
et al14 and Tabak and colleagues,16 and, nonetheless, arrived at
a substantially higher cost estimate. More likely, the differences
between our cost estimates and theirs lie in the patient mix.
That is, Tabak et al16 in a 2008 multicenter study quantified
only the costs of index CDI hospitalization and calculated
those to be $6,117. On the other hand, Dubberke and
colleagues14 in a single-center study in 2003 computed
CDI-attributable hospitalization costs over 180 days following
the initial hospitalization with a CDI episode to be $2,454. The
design of each of these earlier studies, therefore, severely limits
the generalizability of their findings. In contrast, our study is
unique in that it represents the entire Medicare population in
the United States and does not limit the cohort to only those
whose CDI occurred in the hospital. In this way, we help to
expand the understanding of costs associated with CDI in this
large and growing population, including interactions with the
healthcare system at multiple levels across its spectrum.
To the best of our knowledge, ours is the first study to

quantify the totality and scope of the cost burden attributable
to CDI. Indeed, more than 70% of the attributable cost lies in
the inpatient domain. This is accounted for in large part by the
fact that most of the initial CDI occurred in the inpatient set-
ting. However, the financial implications of CDI are clearly
more complex than the implications of the first hospitalization
complicated by this infection. Specifically, many with CDI
survive to discharge and more than one-quarter may require a
readmission within 30 days.24 Our $17,000 estimate of the
CDI-attributable 2-month inpatient costs includes the cost of
these early readmissions, just as the $19,000 CDI-attributable
1-year inpatient costs very likely include the 45% prevalence of
180-day readmissions.25 More than 80% of the annual CDI
per-patient direct healthcare costs accrue within the first
2 months following the index episode. Also, although the cost
trajectories in both of the groups rose following those
2 months, their rates of rise were similar. This implies that the

table 2. CDI-Specific Medicare Costs Over 2 Months Following
Incident Episode, Stratified by HA vs CA Disease

HA-CDI CA-CDI

N % or SD N % or SD

Variable 5,564 82.3% 1,197 17.7%

Mean Medicare costs within 2-month following CDI, $US
Inpatient $17,219 $27,412 $6,405 $11,233
Outpatient $64 $470 $136 $708
SNF $1,842 $5,932 $708 $3,644
Hospice $18 $362 $0 $0
Home health $225 $1,007 $158 $772
Durable equipment $1 $20 $0 $11
Carrier claims $490 $831 $346 $598
Pharmacy $0 $0 $0 $0
Total $19,858 $28,050 $7,754 $12,666

NOTE. CA, community-associated; CDI, Clostridium difficile infection;
HA, healthcare-associated; SNF, skilled nursing facility.
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first 2 months following a CDI episode present an opportunity
to examine healthcare delivery practices in this population and
to focus on prevention of high-cost and high-morbidity events
such as rehospitalization.

Our study has a number of limitations. As a retrospective
study it is subject to a number of biases, most notably selection
bias. To mitigate this we developed a priori inclusion criteria.
Because we used administrative coding to identify the main
outcome (no methods or results of clinical CDI testing avail-
able in the database), there is a threat of misclassification.
Although this method of identifying CDI is well validated in
the hospitalized population, it may not be as accurate in a
mixed population of in- and outpatients.26 We tried to reduce
its impact by establishing a 1-year disease-free interval among
patients who develop CDI. In general, misclassification would
reduce the magnitude of the differences between the com-
parator groups, thus biasing our results toward the null.
Confounding is an issue in observational studies. Because the
aim of our study was to calculate costs and mortality attribu-
table specifically to CDI, we dealt with confounding by deriv-
ing a PS for the risk of CDI and then analyzing a PS-matched
cohort. Recent evidence suggests that this methodology
generally produces results similar to those generated in
randomized controlled trials.27 Although we used a highly
generalizable dataset, several factors are potentially limiting to
it. For risk factor analysis, we defined incident CDI as an
episode occurring following at least 12 months disease-free
period. This definition diverges from that in the guidelines.28

However, including patients whomight have had an episode of
CDI within the year prior to the incident episode would have
reduced our ability to clearly differentiate the study groups on
the basis of their risk factors. This definition, however, limits
the generalizability of our findings to only those patients who
have not had an episode of CDI within the prior year. Despite
these potential limitations, the overall generalizability of our
data makes this study a useful contribution to the literature on
the outcomes attributable to this disease.

In summary, in this large and generalizable study of the
elderly population, we have demonstrated that CDI results in a
considerable increase in the risk of death and costs to Medicare
within the year following the incident episode. Although
mortality increases linearly over time, most of the cost burden
appears to accrue early in the aftermath period, and is mostly
due to inpatient care. These high clinical and economic costs
suggest that there is a strong need to employ aggressively such
existing CDI preventive strategies as antibiotic stewardship, in
addition to developing new interventions specifically geared at
this large and growing population of patients.

acknowledgments

Financial support. Pfizer.
Potential conflicts of interest. M.D.Z. reports that she is a consultant to and

has received research grant support from Pfizer and Merck and has served as a
consultant to ViroPharma and ReBiotix. A.F.S. reports that he is a consultant

to and has received research grant support from Pfizer and Merck. L.W.
reports that she is an employee of STATinMED who received grant support
from Pfizer for conducting this study. O.B. reports that she is an employee of
STATinMED who received grant support from Pfizer for conducting this
study. H.Y. reports that she is an employee of and stockholder in Pfizer.

Address correspondence to Marya D. Zilberberg, MD, MPH, PO Box 303,
Goshen, MA 01032 (evimedgroup@gmail.com).

supplementary material

To view supplementary material for this article, please visit
http://dx.doi.org/doi:10.1017/ice.2016.188

references

1. Healthcare Cost and Utilization Project (HCUP). HCUP
projections: Clostridium difficile infection 2011 to 2012. Report
2012-01. HCUP website. http://www.hcup-us.ahrq.gov/reports/
projections/CDI_Regional_projections_Final.pdf. Accessed August
12, 2016.

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

3. Zilberberg MD, Shorr AF, Kollef MH. Increase in adult
Clostridium difficile-related hospitalizations and case-fatality
rate, United States, 2000-2005. Emerg Infect Dis 2008;14:
929–931.

4. Hall AJ, Curns AT, McDonald LC, Parashar UD, Lopman BA.
The roles of Clostridium difficile and norovirus among
gastroenteritis-associated deaths in the United States, 1999-2007.
Clin Infect Dis 2012;55:216–223.

5. US Census Bureau. 65 + in the United States: 2010 P23-212
Washington, DC: US Government Printing Office; 2014.

6. Kwon JH, Olsen MA, Dubberke ER. The morbidity, mortality,
and costs associated with Clostridium difficile infection. Infect Dis
Clin N Am 2015;29:123–134.

7. Normand ST, Landrum MB, Guadagnoli E, et al. Validating
recommendations for coronary angiography following acute
myocardial infarction in the elderly: a matched analysis using
propensity scores. J Clin Epidemiol 2001;54:387–398.

8. Baser O. Choosing propensity score matching over regression
adjustment for causal inference: when, why and how it
makes sense. J Med Econ 2007;10:379–391.

9. Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidity
index for use with ICD-9-CM administrative databases. J Clin
Epidemiol 1992;45:613–619.

10. Berg AM, Kelly CP, Farraye FA. Clostridium difficile infection in
the inflammatory bowel disease patient. Inflamm Bowel Dis
2013;19:194–204.

11. Miller MA, Hyland M, Ofner-Agostini M, Gourdeau M, Ishak M.
Morbidity, mortality, and healthcare burden of nosocomial
Clostridium difficile-associated diarrhea in Canadian hospitals.
Infect Control Hosp Epidemiol 2002;23:137–140.

12. Dallal RM, Harbrecht BG, Boujoukas AJ, et al. Fulminant
Clostridium difficile: an underappreciated and increasing cause of
death and complications. Ann Surg 2002;235:363–372.

13. Kyne L, Hamel MB, Polavaram R, Kelly CP. Health care costs and
mortality associated with nosocomial diarrhea due to Clostridium
difficile. Clin Infect Dis 2002;34:346–353.

c. difficile outcomes in medicare patients 1335

https://doi.org/10.1017/ice.2016.188 Published online by Cambridge University Press

mailto:evimedgroup@gmail.com
http:&#x002F;&#x002F;dx.doi.org&#x002F;doi:10.1017&#x002F;ice.2016.188
http://www.hcup-us.ahrq.gov/reports/projections/CDI_Regional_projections_Final.pdf
http://www.hcup-us.ahrq.gov/reports/projections/CDI_Regional_projections_Final.pdf
https://doi.org/10.1017/ice.2016.188


14. Dubberke ER, Butler AM, Reske KA, et al. Attributable outcomes
of endemic Clostridium difficile-associated disease in nonsurgical
patients. Emerg Infect Dis 2008;14:1031–1038.

15. Gravel D, Miller M, Simor A, et al. Health care-associated
Clostridium difficile infection in adults admitted to acute care
hospitals in Canada: a Canadian Nosocomial Infection Surveil-
lance Program Study. Clin Infect Dis 2009;48:568–576.

16. Tabak YP, Zilberberg MD, Johannes RS, Sun X, McDonald LC.
Attributable burden of hospital onset Clostridium difficile infec-
tion: a propensity score matching study. Infect Control Hosp
Epidemiol 2013;34:588–596.

17. Pepin J, Valiquette L, Cossette B. Mortality attributable to noso-
comial Clostridium difficile-associated disease during an epidemic
caused by a hypervirulent strain in Quebec. CMAJ
2005;173:1037–1042.

18. Loo VG, Poirier L, Miller MA, et al. A predominantly clonal
multi-institutional outbreak of Clostridium difficile-associated
diarrhea with high morbidity and mortality. N Engl J Med
2005;353:2442–2449.

19. Song X, Bartlett JG, Speck K, Naegeli A, Carroll K, Perl TM.
Rising economic impact of Clostridium difficile-associated disease
in adult hospitalized patient population. Infect Control Hosp
Epidemiol 2008;29:823–828.

20. O’Brien JA, Lahue BJ, Caro JJ, Davidson DM. The emerging
infectious challenge of Clostridium difficile-associated disease in
Massachusetts hospitals: clinical and economic consequences.
Infect Control Hosp Epidemiol 2007;28:1219–1227.

21. Stewart DB, Hollenbeak CS. Clostridium difficile colitis: factors
associated with outcome and assessment of mortality at a
national level. J Gastrointest Surg 2011;15:1548–1555.

22. Lipp MJ, Nero DC, Callahan MA. Impact of hospital-acquired
Clostridium difficile. J Gastroenterol Hepatol 2012;27:1733–1737.

23. Pakyz A, Carroll NV, Harpe SE, et al. Economic impact of
Clostridium difficile infection in a multihospital cohort of
academic health centers. Pharmacotherapy 2011;31:546–551.

24. Zilberberg MD, Shorr AF, Micek ST, Kollef MH. Clostridium
difficile recurrence is a strong predictor of 30-day rehospitaliza-
tion among patients in intensive care. Infect Control Hosp
Epidemiol 2015;36:273–279.

25. Olsen MA, Yan Y, Reske KA, Zilberberg M, Dubberke ER. Impact
of Clostridium difficile recurrence on hospital readmissions.
Am J Infect Control 2015;43:318–322.

26. Dubberke ER, Reske KA, McDonald LC, Fraser VJ. ICD-9 codes
and surveillance for Clostridium difficile-associated disease. Emerg
Infect Dis 2006;12:1576–1579.

27. Kitsios GD, Dahabreh IJ, Callahan S, Paulus JK, Campagna AC,
Dargin JM. Can we trust observational studies using propensity
scores in the critical care literature? A systematic comparison with
randomized clinical trials. Crit Care Med 2015;43:1870–1879.

28. Cohen SH, Gerding DN, Johnson S, et al. Clinical practice
guidelines for Clostridium difficile infection in adults: 2010 update
by the Society for Healthcare Epidemiology of America (SHEA)
and the Infectious Diseases Society of America (IDSA). Infect
Control Hosp Epidemiol 2010;31:431–455.

1336 infection control & hospital epidemiology november 2016, vol. 37, no. 11

https://doi.org/10.1017/ice.2016.188 Published online by Cambridge University Press

https://doi.org/10.1017/ice.2016.188

	Outline placeholder
	METHODS
	Data Source
	Cohort and Outcome Definitions
	Statistical Analyses

	RESULTS
	Table 1CDI Attributable Mortality and Costs
	DISCUSSION
	Table 2CDI-Specific Medicare Costs Over 2 Months Following Incident Episode, Stratified by HA vs CA Disease
	Acknowledgments
	ACKNOWLEDGEMENTS


