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Background. US attributable Clostridioides difficile infection (CDI) mortality and cost data are primarily from Medicare fee- 
for-service populations, and little is known about Medicare Advantage Enrollees (MAEs). This study evaluated CDI incidence 
among MAEs from 2012 to 2019 and determined attributable mortality and costs by comparing MAEs with and without CDI 
occurring in 2018.

Methods. This retrospective cohort study assessed CDI incidence and associated mortality and costs for eligible MAEs 
≥65 years of age using the de-identified Optum Clinformatics Data Mart database (Optum; Eden Prairie, Minnesota, USA). 
Outcomes included mortality, healthcare utilization, and costs, which were assessed via a propensity score–matched cohort 
using 2018 as the index year. Outcome analyses were stratified by infection acquisition and hospitalization status.

Results. From 2012 to 2019, overall annual CDI incidence declined from 609 to 442 per 100 000 person-years. Although the 
incidence of healthcare-associated CDI declined overall (2012, 53.2%; 2019, 47.2%), community-associated CDI increased (2012, 
46.8%; 2019, 52.8%). The 1-year attributable mortality was 7.9% (CDI cases, 26.3%; non-CDI controls, 18.4%). At the 2-month 
follow-up, CDI-associated excess mean total healthcare and out-of-pocket costs were $13 476 and $396, respectively. Total 
excess mean healthcare costs were greater among hospitalized (healthcare-associated, $28 762; community-associated, $28 330) 
than nonhospitalized CDI patients ($5704 and $2320, respectively), whereas total excess mean out-of-pocket cost was highest 
among community-associated hospitalized CDI patients ($970).

Conclusions. CDI represents an important public health burden in the MAE population. Preventive strategies and treatments 
are needed to improve outcomes and reduce costs for healthcare systems and this growing population of older US adults.
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Clostridioides difficile is a gram-positive bacterium that forms 
spores and produces exotoxins primarily in the colon [1]. 
Symptoms of C. difficile infection (CDI) range from mild to se-
vere diarrhea to outcomes in serious cases including pseudo-
membranous colitis, toxic megacolon, and death [2–4]. Risk 
factors for CDI include, but are not limited to, older age, hos-
pitalization, and antibiotic use [1, 3, 5]. Patients with primary 
CDI can experience long-term adverse outcomes, including re-
currence rates of up to 30% [1, 6–8].

The estimated CDI burden in the United States, according to 
the Centers for Disease Control and Prevention (CDC) 

Emerging Infections Program, decreased from 154.89 per 100 000 
in 2011 to 143.61 per 100 000 in 2017 [9]. While historically as-
sociated with nosocomial infection, community-onset cases are 
increasingly contributing to CDI burden [1, 9]. In 2011, the US 
incidence of healthcare-associated and community-associated 
CDI was 92.76 and 48.16 per 100 000, respectively; in contrast, 
corresponding values in 2018 were 64.18 and 65.93 per 100 000, 
respectively [9, 10]. In 2018, the US CDI incidence in those 
aged 65 years and older was 431 per 100 000, accounting for 
46% of the overall CDI burden, of which 61% were healthcare 
associated and 39% were community associated [10].

The substantial morbidity and mortality of CDI are at 
least partly attributed to changing virulence of the pathogen 
[1, 11]. Clostridioides difficile infection is also associated with 
prolonged hospitalization and other healthcare resource utili-
zation, such as direct treatment costs [12]. As CDI management 
evolves [13], the already substantial per-patient healthcare 
costs and healthcare utilization associated with CDI are likely 
to increase [11, 12].

In the United States, attributable CDI mortality and cost 
data have been primarily derived from Medicare fee-for-service 
populations. For instance, a US study of Medicare 
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fee-for-service enrollees (2008–2010) found that mortality 
rates were twice as high among patients with CDI compared 
with patients without CDI, and Medicare costs per patient 
with CDI were nearly $30 000 higher [14]. Compared with 
Medicare fee-for-service populations, little is known 
about Medicare Advantage Enrollees (MAEs; ie, those who 
receive Medicare benefits through Part C coverage via 
private insurers), who comprise an increasing proportion of 
Medicare beneficiaries, accounting for 39% of the Medicare 
population in 2020 [15]. Therefore, this study evaluated CDI 
incidence among MAEs from 2012 to 2019 and determined at-
tributable mortality and costs by comparing MAEs with and 
without CDI occurring in 2018.

METHODS

Study Design and Data Source

This retrospective cohort study assessed CDI incidence and as-
sociated mortality and costs, stratified by acquisition and CDI 
hospitalization status, for eligible MAEs aged 65 years and old-
er using the Optum Clinformatics Data Mart database (Optum; 
Eden Prairie, Minnesota, USA), which covers all US states. The 
administrative claims are verified, adjudicated, adjusted, and 
de-identified before inclusion in the database and comprise 
commercial and Medicare Advantage health plan data. In addi-
tion to medical and pharmacy claims, the database includes 
member eligibility, standard costs for all medical and pharmacy 
claims (ie, standard prices reflecting the allowed payment for all 
provider services), and patient out-of-pocket costs. This study 
was restricted to Medicare Advantage health plans that covered 
approximately 6.1 million elderly persons in 2019. The study 
was exempt from Institutional Review Board consideration be-
cause it used existing de-identified administrative claims data.

Inclusion Criteria and CDI Case Definition

For the annual incidence analyses, individuals were required to 
be 65 years of age or older on 1 January of a calendar year be-
tween 2012 and 2019. Individuals were followed up until the 
earliest of death, disenrollment, or the end of the calendar 
year. For the attributable mortality and cost analyses, the study 
period for CDI identification was 2018, with use of data from 
2017 to 2019. For these analyses, patients were required to be 
continuously enrolled for 1 year before the CDI diagnosis 
date in 2018 and were followed up through the earliest of death, 
disenrollment, or the end of the 1-year follow-up period. 
Eligible controls must have met the same inclusion criteria 
but have had no CDI in 2017 to 2019 based on the CDI case 
definition.

The CDI case definition included any of the following: an in-
patient claim with an International Classification of Disease, 
Ninth or Tenth Revision, Clinical Modification (ICD-9-CM 
or ICD-10-CM), CDI diagnosis code of 008.45 or A04.7x, 

respectively, not including admission diagnosis; a nonlabora-
tory outpatient claim with a CDI diagnosis plus nontopical 
metronidazole, oral vancomycin, or fidaxomicin therapy with-
in +14 days of diagnosis; or an outpatient laboratory CDI test 
(Current Procedural Terminology [CPT] codes 87230 [cell cul-
ture cytotoxicity assay], 87324 [immunoassay], 87493 [nucleic 
acid amplification]) plus nontopical metronidazole, oral vanco-
mycin, or fidaxomicin therapy within +14 days. To ensure a 
primary episode, all qualified CDI episodes, excluding the first 
claim during the index year, must have had no CDI claims 
matching any of the above criteria 60 or fewer days prior.

Each CDI episode was also classified by healthcare- 
associated or community-associated acquisition status accord-
ing to established guidelines [6]. Healthcare-associated CDI 
was defined as the first CDI occurrence meeting the hospital- 
or other healthcare facility-onset CDI case definition with an 
index date more than 3 days after admission, or an inpatient, 
skilled nursing facility, hospice, long-term care facility, or nurs-
ing home claim more than 1 day length of stay in the 12 weeks 
before the CDI index date. Community-associated CDI was de-
fined as all CDI cases other than those identified as healthcare 
associated (ie, cases identified from the outpatient setting or an 
inpatient facility ≤3 days after admission, with no inpatient 
stay in the previous 12 weeks).

The Charlson Comorbidity Index (CCI) score [16], based on 
17 conditions, was among the baseline characteristics deter-
mined from the Optum database. Baseline individual comorbid-
ities diagnosed 1 year or less before the index date and 
complications associated with CDI 2 months and 1 year post- 
index were identified using ICD-9-CM or ICD-10-CM diagnosis 
codes. Complications evaluated were primarily gastrointestinal 
in nature but also included blood transfusion and sepsis.

Statistical Analysis

CDI Annual Incidence (2012–2019)
The annual numbers of CDI episodes in each calendar year for 
2012 to 2019 are reported overall by year and by age group. The 
denominator for the incidence calculations was based on the 
total follow-up time in person-years for the eligible study pop-
ulation in each calendar year, and rates are presented as epi-
sodes per 100 000 person-years. To assess the linear effect of 
time on incidence while accounting for individuals in more 
than 1 calendar year, a Poisson generalized estimating equation 
model with an unstructured correlation structure and calendar 
year as a covariate was used.

Outcomes Analysis
The first CDI diagnosis or toxin test date in 2018 was designat-
ed as the index date for CDI cases; controls were randomly as-
signed an index date in 2018. Patients with CDI and controls 
were matched 1:1 according to the propensity score (PS) ob-
tained from a multivariable logistic regression model with 61 
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variables (Supplementary Figure 1), including demographics, 
baseline comorbidities, prior infections, and prior healthcare 
utilization, as well as exact matching by 5-year age groups 
and index date 2-week windows. Greedy nearest-neighbor 
matching and a caliper width of 0.1 of the standard deviation 
of the logit of the PS were used for matching cases and controls. 
Standardized differences were calculated to ensure the baseline 
variables included in the logistic regression were well balanced 
between matched CDI cases and controls, with values of 0.1 or 
less used as evidence of acceptable balance.

All-cause mortality was assessed 30, 60, 90, 180, and 365 days 
after the index date. Information on mortality was only avail-
able as year and month of death; thus, calculation of mortality 
risk at given intervals was determined by assuming the date of 
death occurred on the 15th day of the month. All-cause health-
care utilization and medical costs, which included all medical 
visits (ie, inpatient, emergency department, outpatient, and 
other visits) and outpatient pharmacy prescriptions, accrued 
within 2 months and 1 year of the index date were assessed. 
Healthcare costs and patient’s out-of-pocket expenses (eg, co-
pay, deductibles, coinsurance) were also investigated for the 
same period (Supplementary Appendix). Costs were adjusted 
to 2019 US dollars using the medical care component of the 
Consumer Price Index (https://www.bls.gov/cpi/). Costs within 
1 year after the index date and in patients surviving 1 year were 
also generated to avoid potential bias due to high mortality 
among cases. The attributable mortality, healthcare utilization, 
and cost burden of CDI were determined by calculating the dif-
ference of all-cause mortality, utilization, and costs between 
PS-matched cases and controls in the post-index period, with 
McNemar and paired t tests used to test differences. 
Attributable mortality and costs were also analyzed by acquisi-
tion (healthcare or community associated) and hospitalization 
(hospitalized or nonhospitalized) status. Hospitalized cases 
were those who were hospitalized on the index date or during 
the 60 days post-index follow-up with a diagnosis code for CDI; 
all other cases were considered nonhospitalized.

RESULTS

In the Optum Clinformatics Data Mart, there were 2.7 million 
MAEs in 2012, which increased each year, reaching 6.1 million 

by 2019. After applying inclusion criteria, 2.1 to 4.9 million el-
igible MAEs were included in the study from 2012 to 2019 
(Table 1). Among MAEs with CDI by year, the mean age 
ranged from 76.8 to 77.6 years, nearly two-thirds were female, 
over one-third were from the South, and the mean CCI score 
ranged from 4.1 to 4.5 (Supplementary Table 1).

Annual CDI Incidence

A downward trend in overall annual CDI incidence rate among 
MAEs was generally observed from 2012 to 2019; this trend was 
observed across all age groups (Figure 1A and 1B). In 2012, the 
CDI incidence rate was 609 per 100 000 person-years, which de-
creased to 442 per 100 000 person-years in 2019 (P , .001). The 
greatest incidence rate reductions over this period were among 
patients 80 years of age and older (982 and 643 per 100 000 
person-years in 2012 and 2019, respectively). The proportion 
of patients with healthcare-associated CDI generally decreased 
from 53.2% in 2012 to 47.2% in 2019 (range, 45.5− 53.2%), 
whereas community-associated CDI increased from 46.8% in 
2012 to 52.8% in 2019 (range, 46.8%− 54.5%) (Figure 1C).

Outcome Results

In 2018, there were 15 195 CDI cases and 3 416 844 controls. 
Using the PS to develop CDI, 14 928 CDI cases were matched 
to 14 928 non-CDI controls. Patient characteristics were gener-
ally well balanced between matched groups (Table 2 and 
Supplementary Figure 1).

Table 3 summarizes potentially CDI-related complications 
during the follow-up periods for the outcomes analyses in the 
matched pairs. At the 2-month follow-up, abdominal and pel-
vic computed tomography and lower gastrointestinal endosco-
py were more common in CDI cases compared with non-CDI 
controls (27.0% vs 8.8% and 7.8% vs 1.7%, respectively; 
P , .001). Sepsis of infectious origin (21.1% vs 6.8%), irrita-
ble bowel syndrome (3.3% vs 1.4%), and toxic megacolon 
(1.0% vs 0.1%) were also more common in CDI cases com-
pared with the non-CDI controls (P , .001).

One-year mortality was 26.3% in CDI cases compared with 
18.4% in non-CDI matched controls, with an attributable mor-
tality of 7.9% (P , 0.001). The attributable mortality was high-
est in persons 85 years of age and older (11.3%) compared with 

Table 1. Flow of Patient Counts by Index Year and Study Population

Index Year

2012 2013 2014 2015 2016 2017 2018 2019

Total MAEs at risk in index year 2 705 359 3 008 317 3 152 961 3 476 157 4 315 301 5 203 197 5 633 071 6 004 001

≥66 years of age 2 260 516 2 509 501 2 678 584 2 976 739 3 600 523 4 347 636 4 754 922 5 092 804

Enrolled as of 1 January of index year 2 145 417 2 362 527 2 447 332 2 836 761 3 391 957 4 110 615 4 520 218 4 856 847

No. of CDI cases in index year during continuous enrollment 11 152 11 864 11 564 13 321 16 169 19 328 19 185 18 308

Data are presented as number of patients.  
Abbreviations: CDI, Clostridioides difficile infection; MAE, Medicare Advantage Enrollee.
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those 75 to 84 years of age (7.5%) and 65 to 74 years of age 
(6.0%) (Figure 2A). The 1-year attributable mortality due to 
healthcare-associated CDI was higher among hospitalized pa-
tients (19.0%) compared with those not hospitalized (4.0%) 
and also higher in patients with community-associated CDI 
who were hospitalized with CDI (13.2%) compared with those 
who were not hospitalized (0.8%) (Figure 2B).

Supplementary Tables 2 and 3 summarize healthcare utilization 
findings. At the 2-month follow-up, the overall excess mean num-
ber of inpatient days was 3.5 (Supplementary Table 2) (P , .001). 
Hospitalized patients with healthcare-associated CDI had an 
excess 10.1 inpatient days, whereas patients with community- 
associated CDI had an excess 8.5 inpatient days. In the analysis 
limited to patients who survived 1 year, the overall excess mean 
number of inpatient days at the 1-year follow-up was also 3.5 
(Supplementary Table 3).

At the 2-month follow-up, mean total healthcare costs 
were $28 541 in the CDI cases compared with $15 065 in 
the non-CDI controls, a difference of $13 476 (P , .001) 
(Figure 3A). Total excess mean healthcare costs were greater 
among hospitalized patients with CDI (healthcare associated, 
$28 762; community associated, $28 330) than nonhospitalized 
patients with CDI (healthcare associated, $5704; community 
associated, $2320).

The contributions of various healthcare settings to mean 
costs is provided in Figure 3 and Supplementary Tables 4− 6. 

At the 2-month follow-up, the greatest contributor to total 
costs was inpatient (ie, hospital) costs for both patients with 
CDI ($15 659) and non-CDI controls ($6816), with an excess 
mean inpatient cost of $8843. For hospitalized patients 
with CDI, the greatest cost contributor at 2 months was 
inpatient costs, with an excess mean cost of $24 510 for 
healthcare-associated and $22 244 for community-associated 
CDI (Figure 3C and 3D; Supplementary Table 5). For nonhospi-
talized patients with CDI, the greatest contributor to cost was 
other inpatient facility (ie, long-term care, inpatient hospice, in-
patient mental health/chemical dependence, or inpatient reha-
bilitation facilities) costs for healthcare-associated CDI ($5477 
mean excess cost) and outpatient costs (excluding emergency 
department) for community-associated CDI ($1984 mean excess 
cost). Outpatient costs (excluding emergency department) were 
the greatest contributor to total cost when costs were limited to 
patients who survived for 1 year (Supplementary Table 6).

Clostridioides difficile infection− attributable excess mean 
out-of-pocket cost at the 2-month follow-up was $396 in CDI 
cases (P , .001 vs non-CDI controls) (Figure 3B). Total excess 
mean out-of-pocket cost was highest among hospitalized pa-
tients with community-associated CDI ($970), followed by hos-
pitalized patients with healthcare-associated CDI ($514), 
nonhospitalized patients with healthcare-associated CDI ($239), 
and nonhospitalized patients with community-associated CDI 
($198) (Supplementary Table 4).

Figure 1. Annual incidence rate of (A) CDI overall and by (B) age and (C ) proportion of healthcare-associated and community-associated cases (2012− 2019). Incidence 
rates are presented as CDI episodes per 100 000 person-years. Abbreviations: CDI, Clostridioides difficile infection; MAE, Medicare Advantage Enrollee.

CDI Incidence, Mortality, and Costs in MAEs • CID 2023:76 (1 February) • e1479

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciac467#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciac467#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciac467#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciac467#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciac467#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciac467#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciac467#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciac467#supplementary-data


DISCUSSION

This retrospective cohort study of the Medicare Advantage 
population of older US adults assessed CDI incidence and out-
comes, including mortality, healthcare utilization, and costs. 
We found that the overall CDI incidence rate in the MAE pop-
ulation of US adults 65 years of age and older gradually de-
clined from 2012 to 2019. These findings are consistent with 
recent data from the CDC Emerging Infections Program show-
ing that the burden of CDI in the general population decreased 
between 2011 and 2017, largely attributed to a decrease in 
healthcare-associated infections [9]. We also found that CDI 
incidence was highest among those 80 years of age and older, 
consistent with known CDI risk in older individuals [3].

Our study also showed that CDI represents an important 
public health burden in the MAE population, with 7.9% 

attributable mortality at 1 year after CDI diagnosis compared 
with a matched uninfected population. Attributable 
mortality was also considerably higher among hospitalized 
patients with CDI with healthcare-associated and 
community-associated infection compared with nonhospital-
ized patients. These findings are consistent with a study con-
cerning an elderly (≥65 years) Medicare fee-for-service 
population during 2008− 2010, in which CDI was associated 
with a significant 19% attributable mortality in a PS-adjusted 
analysis [14]. Notably, that publication did not report outcomes 
stratified by acquisition and hospitalization status. However, 
the reported overall 1-year mortality was higher than in our 
study (43% vs 26%), which may at least partly be explained 
by the smaller percentage of adults 85 years of age and older 
in our study (36% vs 24%).

Table 2. Patient Demographic and Baseline Clinical Characteristics in the Outcomes Cohort (Index Year= 2018)

Before Propensity Score Matching After Propensity Score Matching

Characteristics
Cases 

(n=15 195)
Controls 

(n=3 416 844) Std Diff
Case 

(n= 14 928)
Control 

(n= 14 928) Std Diff

Age, mean (SD), years 77.9 (6.9) 75.9 (6.6) .3005a 77.9 (6.9) 77.9 (6.9) .0016

Age, n (%) … … .2971a … … .0000

66− 69 years 1999 (13.2) 658 491 (19.3) … 1957 (13.1) 1957 (13.1) …

70− 74 years 3538 (23.3) 1 011 620 (29.6) … 3466 (23.2) 3466 (23.2) …

75− 79 years 3326 (21.9) 746 807 (21.9) … 3265 (21.9) 3265 (21.9) …

80− 84 years 2711 (17.8) 487 552 (14.3) … 2657 (17.8) 2657 (17.8) …

≥85 years 3621 (23.8) 512 374 (15.0) … 3583 (24.0) 3583 (24.0) …

Male, n (%) 5374 (35.4) 1 429 668 (41.8) − .1333a 5289 (35.4) 5110 (34.2) .0252

Region, n (%) … … .1637a … … .0239

Northeast 1866 (12.3) 442 057 (12.9) … 1836 (12.3) 1803 (12.1) …

Midwest 3359 (22.1) 610 281 (17.9) … 3275 (21.9) 3241 (21.7) …

South 6565 (43.2) 1 385 280 (40.5) … 6450 (43.2) 6578 (44.1) …

West 3403 (22.4) 977 489 (28.6) … 3365 (22.5) 3306 (22.1) …

Unknown 2 (0.0) 1737 (0.1) … 2 (0.0) 0 (0.0) …

Type of first incident CDI case definition in 2018 … … N/A … … N/A

Hospital claim 5407 (35.6) … … 5215 (34.9) … …

Other inpatient facility claimb 1810 (11.9) … … 1751 (11.7) … …

Outpatient claim and antibiotics 1622 (10.7) … … 1609 (10.8) … …

Toxin test and antibiotic 6356 (41.8) … … 6353 (42.6) … …

Acquisition status of first incident case, n (%) … … N/A … … N/A

Healthcare acquired 7370 (48.5) … … 7105 (47.6) … …

Hospitalized 4021 (26.5) … … 3812 (25.6) … …

Not hospitalized 3349 (22.0) … … 3293 (22.1) … …

Community acquired 7825 (51.5) … … 7823 (52.4) … …

Hospitalized 2101 (13.8) … … 2099 (14.1) … …

Not hospitalized 5724 (37.7) … … 5724 (38.3) … …

Charlson Comorbidity Index, mean (SD) 4.6 (3.2) 1.9 (2.2) .9862a 4.5 (3.2) 4.6 (3.2) − .0192

Charlson Comorbidity Index, n (%) … … .9261a … … .0328

0 1471 (9.7) 1 270 336 (37.2) … 1471 (9.9) 1336 (9.0) …

1 1538 (10.1) 625 931 (18.3) … 1534 (10.3) 1514 (10.1) …

2 1732 (11.4) 529 393 (15.5) … 1725 (11.6) 1713 (11.5) …

3+ 10 454 (68.8) 991 184 (29.0) … 10 198 (68.3) 10 365 (69.4) …

Abbreviations: N/A, not applicable; Std Diff, standardized difference.  
aAbsolute values ..1 considered significant.  
bLong-term care, inpatient hospice, inpatient mental health/chemical dependence, or inpatient rehabilitation facilities.
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We also observed that CDI was associated with a large 
healthcare utilization burden to the MAE population. At the 
2-month follow-up, the greatest contributors to healthcare uti-
lization were inpatient visits (overall and for hospitalized CDI 
cases) and inpatient facility and outpatient visits (for nonhospi-
talized CDI cases). In a 2010− 2014 study of primary and recur-
rent CDI in the United States that used the IBM MarketScan 
database, which includes commercial and supplemental 
Medicare claims, a substantial increase in hospitalized days 
for patients with CDI was reported compared with matched pa-
tients without CDI, with more vulnerable patients incurring 
greater healthcare utilization [11].

In 2018, we observed significantly increased total healthcare 
and patient out-of-pocket costs associated with CDI among 
the MAE population. Healthcare costs were higher for patients 
with CDI compared with matched controls, with an excess 
mean total cost of $13 476 at the 2-month follow-up. Total excess 
mean healthcare costs were greater among hospitalized than 
nonhospitalized patients with CDI, regardless of acquisition sta-
tus. Additionally, excess mean out-of-pocket cost was $396 for 
patients with CDI compared with matched controls and was 
highest in hospitalized patients with community-associated CDI.

Similar to our work, Nanwa and colleagues [17, 18] conducted 
2 studies in a Canadian population using PS-matched cohorts of 

Table 3. Follow-up Complications Occurring After CDI in the 2-Month and 1-Year Follow-up Periods for Medicare Advantage Enrollees in 2018

2-Month Follow-up Period 1-Year Follow-up Period

Follow-up Condition
CDI+

(n=14 928)
CDI– 

(n=14 928) Pa
CDI+

(n=14 928)
CDI– 

(n= 14 928) Pa

Computed tomography of the abdomen or pelvis 4030 (27.0) 1309 (8.8) ,.001 6524 (43.7) 4106 (27.5) ,.001

Sepsis of infectious origin 3149 (21.1) 1012 (6.8) ,.001 4112 (27.6) 2099 (14.1) ,.001

Lower gastrointestinal endoscopy 1168 (7.8) 252 (1.7) ,.001 2611 (17.5) 1170 (7.8) ,.001

Irritable bowel syndromeb 493 (3.3) 205 (1.4) ,.001 988 (6.6) 604 (4.0) ,.001

Blood transfusion 408 (2.7) 204 (1.4) ,.001 855 (5.7) 606 (4.1) ,.001

Toxic megacolon 156 (1.0) 15 (.1) ,.001 247 (1.7) 49 (.3) ,.001

Surgical CDI complications 62 (.4) 19 (.1) ,.001 157 (1.1) 90 (.6) ,.001

Colon perforation 91 (.6) 26 (.2) ,.001 145 (1.0) 72 (.5) ,.001

Parenteral nutrition 36 (.2) 18 (.1) .0143 90 (.6) 56 (.4) .005

Data are presented as n (%) unless otherwise indicated.  
Abbreviations: CDI, Clostridioides difficile infection; CDI+, CDI positive; CDI–, CDI negative.  
aP values derived using McNemar test.  
bAnalysis was not restricted to patients with newly diagnosed irritable bowel syndrome.

Figure 2. Attributable all-cause mortality (2018 index date): (A) overall and (B) by CDI acquisition and hospitalization status. *P , .05, †P , .001. Abbreviations: CDI, 
Clostridioides difficile infection; CDI+, CDI positive; CDI–, CDI negative.
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hospital-acquired and community-onset CDI from 2003 to 2010. 
Unlike our study, cost outcomes were assessed out to 3 years af-
ter CDI. Consistent with our findings, Nanwa and colleagues 
[17] found hospital-acquired CDI to be associated with signifi-
cantly increased healthcare costs. In addition, community-onset 
CDI was associated with increased risk of all-cause mortality 
among those with CDI compared with uninfected persons, 
and mean costs were 1.9- to 5.1-fold higher in patients with 
CDI up to 1 year after diagnosis [18]. Studies of inpatient and 
emergency department visits indicate declines in the length of 
hospital stays associated with CDI since the early 2000s [19, 
20]. Using claims data from 2010 to 2014, Zhang and colleagues 
[11] found mean CDI-attributable, nonannualized 6-month 
costs of $21 160 for primary CDI among individuals aged 65 
years and older.

Study strengths include the derivation of the analyses from a 
large, representative, and contemporary US population of el-
derly individuals. To the best of our knowledge, this is the first 
study to characterize incidence and costs attributable to CDI in 
MAEs, including by acquisition and hospitalization status, and 

the first to quantify out-of-pocket costs associated with CDI us-
ing a PS-matched control population.

Our study has several limitations. As with any observational 
study, there is a possibility of bias due to unmeasured con-
founders. Additionally, the database may have included incom-
plete and/or inaccurate records. Other limitations include CDI 
identification primarily by ICD-9-CM and ICD-10-CM codes 
without laboratory verification, as well as lack of generalizabil-
ity to fee-for-service Medicare enrollees because only 1 source 
of Medicare Advantage plans was used. Finally, incidence rates 
within calendar years were evaluated independently, so a small 
number of first claims may have occurred 60 days or less fol-
lowing an episode from the previous calendar year. This could 
have artificially lowered CDI cost estimates if some of the costs 
attributable to infection were accrued in the previous year.

This study suggests that CDI poses a considerable burden 
among the MAE population of US adults 65 years of age and 
older. Compared with matched controls, patients diagnosed 
with CDI had considerable attributable mortality rates and as-
sociated healthcare utilization and patient out-of-pocket costs. 

Figure 3. Specific costs at the 2-month follow-up (2018 index year): (A) healthcare cost by setting, (B) total patient OOP costs, and healthcare cost by hospitalization 
status for (C ) healthcare-associated and (D) community-associated cases. Data for the 2 months after the index date and at the 1-year follow-up are shown in 
Supplementary Tables 4 and 5. Data for the 1-year follow-up for those who survived 1 year are shown in Supplementary Table 6. *P , .001. †Hospital.‡Long-term care, 
inpatient hospice, inpatient mental health/chemical dependence, or inpatient rehabilitation facilities. Abbreviations: CDI, Clostridioides difficile infection; CDI+, CDI positive; 
CDI–, CDI negative; ED emergency department; OOP, out-of-pocket.
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These results support the use of CDI-prevention strategies and 
treatments to improve outcomes among the growing popula-
tion of older US adults.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, 
so questions or comments should be addressed to the corresponding 
author.
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