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Background. Clostridioides difficile infection (CDI) is a common healthcare-associated infection and is often used as an indi-
cator of hospital safety or quality. However, healthcare exposures occurring prior to hospitalization may increase risk for CDI. We
conducted a case-control study comparing hospitalized patients with and without CDI to determine if healthcare exposures prior to
hospitalization (ie, clinic visits, antibiotics, family members with CDI) were associated with increased risk for hospital-onset CDI,

and how risk varied with time between exposure and hospitalization.

Methods.

Records were collected from a large insurance-claims database from 2001 to 2017 for hospitalized adult patients. Prior

healthcare exposures were identified using inpatient, outpatient, emergency department, and prescription drug claims; results were

compared between various CDI case definitions.
Results.

Hospitalized patients with CDI had significantly more frequent healthcare exposures prior to admission. Healthcare

visits, antibiotic use, and family exposures were associated with greater likelihood of CDI during hospitalization. The degree of asso-

ciation diminished with time between exposure and hospitalization. Results were consistent across CDI case definitions.

Conclusions.

Many different prior healthcare exposures appear to increase risk for CDI presenting during hospitalization. Moreover,

patients with CDI typically have multiple exposures prior to admission, confounding the ability to attribute cases to a particular stay.
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Clostridioides difficile is a leading cause of healthcare-associated
infections and a major cause of morbidity, mortality, and health-
care costs [1-3]. In recent decades, the incidence of C. difficile
infection (CDI) has increased [4-6]. CDI prevention is now an
important goal of infection control and antibiotic stewardship
programs [7], and institutional CDI incidence is considered a
reportable measure of hospital quality and safety [8]. Yet meas-
uring healthcare quality using CDI incidence assumes that
CDI cases can be accurately attributed to specific healthcare
exposures.

To increase the comparability of CDI rates across different
institutions, CDI cases are classified as 1 of 3 mutually exclusive
types: healthcare-facility onset, community-onset healthcare-
facility associated, and community associated [6]. These def-
initions standardize surveillance and disease reporting, but
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identifying the source of a CDI case remains a challenge. Even
with genotyping, it is difficult to identify epidemiological links
between patients diagnosed with CDI [9-11]. Furthermore,
patients at risk of acquiring CDI [12, 13] often have multiple
prior healthcare exposures (eg, antibiotic use, healthcare facility
visits). Thus, a substantial proportion of cases diagnosed during
a hospital admission may actually be attributable to prior ex-
posures. There is a need to explore the effects of multiple health-
care and antibiotic exposures prior to hospitalizations to more
clearly understand why hospitalized patients develop CDI.

The goal of this study was to estimate the risk for CDI diag-
nosed during hospitalizations associated with prior healthcare
and antibiotic exposures. Specifically, we conducted a retro-
spective case-control study using a large insurance-claims
dataset that captures inpatient care, outpatient care, and outpa-
tient prescriptions. We also investigated how CDI risk changed
as a function of time between healthcare exposures.

METHODS

Data

We conducted a retrospective case-control study using the
Truven MarketScan Commercial Claims and Encounters and
Medicare Supplemental databases from 2001 to 2017. These
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represent the largest databases of longitudinal commercial in-
surance claims in the United States, and contain claims from
inpatient, outpatient, and emergency department (ED) visits
along with outpatient prescription medications. Information
is available for diagnoses, procedures, charges, enrollment
status, and other visit characteristics. Individual patients are
deidentified, but a unique enrollee identification number (ID)
allows claims from the same enrollee to be linked across time,
and an enrollment family ID links claims among family mem-
bers enrolled in the same plan.

Study Population

Figure 1 presents the selection criteria for this study. Our in-
itial population included all potential hospitalizations during
2001-2017 for patients 18 years of age or older. We restricted
the analysis to visits where the patient was enrolled for at least
180 days prior to admission, and we focused on potential ex-
posures and risk factors for CDI occurring up to 180 days prior
to an index hospitalization. To avoid recurrent and unresolved
cases of CDI, we excluded hospitalizations from patients with
any CDI diagnosis in the previous 180 days. We divided hospi-
talizations into cases or controls based on having a CDI event
during the hospitalization. We identify cases of CDI using di-
agnosis codes 008.45 (International Classification of Diseases,
Ninth Revision, Clinical Modification) or A04.7, A04.71, and

A04.72 (International Classification of Diseases, Tenth Revision,
Clinical Modification), and record whether the code was
listed as the principal (first) or a secondary (second or later)
diagnosis.

Our focus was hospital-onset CDI; however, our claims data
do not allow us to directly identify the date of symptom onset.
Thus, we restricted our primary analysis to plausible hospital-
onset cases—where the CDI diagnosis was (1) listed as a sec-
ondary diagnosis code (ie, non-principal diagnosis) and (2)
the patient had a length of stay >3 days. We henceforth refer
to these cases as hospital-onset CDI cases. Control visits were
defined as hospitalizations with no CDI diagnosis that also
had a stay >3 days. Because secondary diagnostic codes are an
imperfect marker for symptom onset after admission, and we
cannot directly identify date of symptom onset, we conducted
2 secondary analyses. First, we repeated our analysis using all
secondary CDI diagnoses and all controls regardless of length
of stay. Second, we repeated our analysis using all CDI cases
(identified by principal or secondary diagnosis) and all controls
regardless of length of stay.

The unit of analysis is individual hospitalizations. Individual
enrollees may have multiple (likely correlated) hospitalizations
during the study period, thereby violating the independence as-
sumptions of our statistical models (described below). Because
of the large size of our dataset, we account for this independence
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Figure 1. Breakdown of study inclusion criteria for case and control patients along with study population sizes. The primary study analysis of hospital-onset Clostridioides
difficile infection (CDI) (secondary CDI with >3 day length of stay) is highlighted by the dashed arrow, and the 2 secondary analyses (any secondary CDI cases and all CDI cases)
are highlighted by the dotted arrows. The number of distinct enrollees in each group is also described; our primary analysis is restricted to 1 hospitalization per enrollee.

CDI Risk Associated With Prior Exposures « JID 2021:224 (15 August) « 685



violation by restricting our primary analysis to a single ran-
domly drawn index hospitalization per enrollee. We subse-
quently conducted a sensitivity analysis where we included all
hospitalizations from patients with multiple hospitalizations.

Identification of Exposures Prior to Hospitalization

We identified “prior-exposure” events occurring within 180 days
before the hospital admission. We considered 3 types of prior
exposures: (1) healthcare visits, (2) antibiotic use, and (3) CDI
in a family member. Prior healthcare visits were subdivided
into 5 types of facilities: inpatient hospital, ED, nursing home
or long-term care facility, ambulatory surgery center, or other
outpatient facility. We also included indicators for exposure
to either “low-CDI-risk” antibiotics (penicillins, macrolides,
sulfonamides, trimethoprim, tetracyclines, and first-generation
cephalosporins) or “high-CDI-risk” antibiotics (clindamycin,
fluoroquinolones, cephalosporins, carbapenems, ampicillin-
sulbactam, piperacillin-tazobactam, later-generation ceph-
alosporins) identified by outpatient prescription medication
claims [14-17]. Finally, we created an indicator for familial
CDI (ie, family member diagnosed with CDI in the previous
180 days) in either inpatient or outpatient settings, because such
individuals may be at increased risk for CDI [18-20]. We use
the enrollment family ID to identify enrollees in the same in-
surance plan (note that we could only link members enrolled in
the same healthcare plan).

Statistical Analysis

We used logistic regression to estimate the likelihood of CDI
during a given hospitalization as a function of prior exposures
and other patient characteristics. Our hypothesis was that prior
exposures (ie, healthcare visits, antibiotics) would (1) increase
the risk for CDI during a given hospital stay and (2) this risk
would decay with time from the most recent prior exposure (ie,
patients become decolonized over time). For each hospitaliza-
tion, we found the most recent previous exposure in each cat-
egory (ie, 5 healthcare types, 2 antibiotic types, familial CDI).
Exposures were assorted into disjoint, contiguous, 30-day bins
based on time prior to hospitalization. For example, a patient
who last visited an ED 40 days prior to hospitalization would
receive “1” for the 31- to 60-day ED indicator and “0” for all
other ED indicators. If that same patient received a high-risk
antibiotic 20 days prior to hospitalization, they would receive
“1” for the 0- to 30-day high-risk-antibiotic indicator as well.
We compared trends across estimates for these intervals as time
before the index hospitalization increased.

In addition to prior exposures, we controlled for patient age,
sex, length of stay, and comorbidities. We binned age into the
groups 18-26, 27-44, 45-64, and >65. We used the Elixhauser
comorbidity indicators to identify individual comorbidities (eg,
diabetes, congestive heart failure) and included each indicator
in the model [21]. Finally, because CDI incidence and testing

have changed over time [22-24] and often exhibit seasonal pat-
terns [25, 26], we included separate indicators for the year and
month in which the hospitalization occurred.

RESULTS

Selection of our study participants is described in Figure 1.
There were 30 736 764 hospitalizations among adult patients
enrolled for 180 days prior without CDI in the prior period. Of
these, 139 342 had a CDI diagnosis, 86 399 of which were sec-
ondary diagnoses, and 72 038 secondary diagnoses had a length
of stay >3 days. A total of 11 366 132 hospitalizations without
CDI also had a length of stay >3 days. After restricting analysis
to a single hospitalization per enrollee, we were left with 70 760
CDI visits and 6 890 780 non-CDI visits with a length of stay
>3 days as our primary case and control populations. Similarly,
secondary study populations included 84 683 secondary CDI
cases, 135461 any CDI cases, and 17 205 857 non-CDI controls.

Table 1 provides a summary of the number of individuals
with exposures under study and baseline characteristics. In
general, hospitalizations with CDI occurred among patients
who were older, had more comorbidities, and longer lengths of
stay. Patients with CDI were also more likely to have experi-
enced each of the exposures under study within 180 days prior
to the index hospitalization. The most common prior exposures
were other outpatient visits, hospitalizations, or ED visits, while
the least common were ambulatory surgery, nursing home/
long-term care, or family CDL

Figure 2 presents the cumulative percentage of patients who
had each of the prior health exposures within a number of days
prior to hospitalization. Exposure percentages are broken down
for hospital-onset CDI cases, secondary CDI cases, all CDI
cases, and controls without CDI. With the exception of other
outpatient visits, CDI cases look dramatically different than
non-CDI controls in terms of the percentage of patients who
experienced each prior exposure: a much greater percentage of
CDI cases experienced health-related exposures prior to admis-
sion. For exposures such as prior hospitalization, nursing home
or long-term care, high-risk antibiotic use, or familial CDI,
cases were more than twice as likely to have the exposure com-
pared to controls for each period prior to admission. This was
consistent for all 3 CDI case definitions.

Table 2 presents counts and percentages of patients who had
multiple distinct healthcare-setting exposures prior to hospi-
talization. We counted how many of the 4 distinct healthcare
settings (hospitalization, ED, ambulatory surgery, or nursing
home/long-term care) each patient encountered prior to hos-
pitalization (counts of “other outpatient care” were excluded,
because nearly all patients had some outpatient care prior to
hospitalization). Compared to patients without CDI, those
with hospital-onset CDI were more likely to have had at least
1 of these 4 prior exposures or to have had multiple health-
care exposures. Within 30 days prior to hospitalization, 48% of
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Table 1.
MarketScan Research Database®

Baseline Characteristics for Final Study Populations Used for Primary and Secondary Analysis: 2001-2017 Nationwide Hospitalizations in IBM

Primary Case/Control Definitions

(LOS >3d) Secondary Analysis
HO-CDI Cases All Secondary CDI
Characteristic (Secondary CDI) No CDI Cases Any CDI Case No CDI Controls
No. of patients 70 760 (100) 6890 780 (100) 84 683 (100) 135 461 (100) 17 205 857 (100)
Age, y
18-26 2241 (3.17) 478 965 (6.95) 3013 (3.56) 5094 (3.76) 1668 118 (9.7)
27-44 6391 (9.03) 1301 627 (18.89) 8456 (9.99) 14 796 (10.92) 5 258 516 (30.56)
45-64 29 046 (41.05) 2 569 394 (37.29) 34 587 (40.84) 55 104 (40.68) 6 137 416 (35.67)
>65 33 082 (46.75) 2 540 794 (36.87) 38 627 (45.61) 60 467 (44.64) 4141 807 (24.07)
Female sex 38 469 (564.37) 3931 557 (57.06) 46 828 (55.3) 80 205 (69.21) 11 086 895 (64.44)
Length of stay, d
1-3 14 066 (16.61) 34 858 (25.73) 11 902 198 (69.18)
4-6 18 707 (26.44) 4329 780 (62.83) 18 652 (22.03) 35 882 (26.49) 3335259 (19.38)
7-9 13 882 (19.62) 1271 083 (18.45) 13 842 (16.35) 20 360 (15.03) 969 607 (5.64)
10-12 8907 (12.59) 498 691 (7.24) 8889 (10.5) 11 540 (8.52) 382302 (2.22)
13-15 6596 (9.32) 276 068 (4.01) 6590 (7.78) 7945 (5.87) 212 810 (1.24)
>15 22 668 (32.04) 515 158 (7.48) 22 644 (26.74) 24 876 (18.36) 403 681 (2.35)
Exposures within 180 d of hospitalization
Prior hospitalization 38 317 (54.15) 1475 433 (21.41) 44177 (52.17) 64 705 (47.77) 1805 205 (10.49)
Prior nursing home/LTC visit 13 200 (18.65) 285 438 (4.14) 15079 (17.81) 21199 (15.65) 354 003 (2.06)
Prior ED visit 23370 (33.03) 1609 488 (23.36) 28 289 (33.41) 46 020 (33.97) 3326621 (19.33)
Prior ambulatory surgery 5715 (8.08) 455 667 (6.61) 6907 (8.16) 11 707 (8.64) 960 698 (5.58)
Other prior outpatient visit 68 137 (96.29) 6 468 856 (93.88) 81 653 (96.42) 131 107 (96.79) 16 215 109 (94.24)
Prior family member with CDI 121 (0.17) 3492 (0.05) 144 (0.17) 276 (0.2) 7016 (0.04)
Low-risk antibiotic use 17 082 (24.14) 1265832 (18.37) 20 876 (24.65) 34 638 (25.57) 2717 009 (15.79)
High-risk antibiotic use 27 504 (38.87) 1787 244 (25.94) 33672 (39.76) 75 710 (55.89) 3694 760 (21.47)
No. of comorbidities
0 6638 (9.38) 1 383 724 (20.08) 8876 (10.48) 16 663 (12.3) 6279 682 (36.5)
1 14 442 (20.41) 1809 495 (26.26) 18 012 (21.27) 31848 (23.561) 4501 401 (26.16)
2 17 420 (24.62) 1571 702 (22.81) 20 627 (24.36) 32 501 (23.99) 3156 292 (18.34)
3 15 520 (21.93) 1098 163 (15.94) 18 080 (21.35) 26 811 (19.79) 1835 343 (10.67)
4 10 026 (14.17) 628 427 (9.12) 11 507 (13.59) 16 798 (12.4) 917 555 (5.33)
5 4669 (6.6) 280 488 (4.07) 5319 (6.28) 7735 (5.71) 371 667 (2.16)
6 1610 (2.28) 92 634 (1.34) 1767 (2.09) 2454 (1.81) 114 138 (0.66)
7 380 (0.54) 22 139 (0.32) 431 (0.67) 557 (0.41) 25364 (0.15)
>8 5 (0.08) 4008 (0.06) 64 (0.08) 94 (0.07) 4415 (0.03)

Data are presented as No. (%).

Abbreviations: ED, emergency department; HO-CDI, hospital-onset Clostridioides difficile infection; LTC, long-term care; LOS, length of stay.

#Similar counts corresponding to all hospitalizations (ie, not restricted to 1 hospitalization per enrollee) can be found in Supplementary Table 2.

hospital-onset CDI cases had exposure to at least 1 of the 4 set-
tings and 12% had been exposed to 2 or more settings. In com-
parison, only 22% of the control patients had been exposed to 1
of these settings and <3% had been exposed to multiple settings
within 30 days prior to hospitalization. Within 180 days prior
to hospitalization, 34% of case patients but only 11% of non-
CDI control patients had been exposed to multiple settings.
Figure 3 summarizes estimates from the regression models
evaluating risk associated with prior exposures; odds ratios
(ORs) and corresponding 95% confidence intervals (Cls) are
given for each exposure window. There are 2 distinguishable
trends in these estimates. First, nearly all of the prior exposure
variables considered were associated with increased CDI risk

(the exception being “other outpatient” visits for all secondary
CDI cases). Second, in general for each prior exposure, the risks
associated with exposure diminished with time prior to hospi-
talization. In general, for most exposures and case definitions,
the risk can be seen to decay with time. One exception is ambu-
latory surgery, which showed a slight increase in risk during the
90- to 150-day interval.

Of the healthcare settings evaluated, prior hospitalization
and nursing home/long-term care exhibited the strongest and
most consistent trend. For hospital-onset CDI, risk associated
with a prior hospitalization declined, nearly monotonically,
from an OR of 3.73 (95% CI, 3.66-3.80) in 0-30 days to 1.77
(95% CI, 1.68-1.86) for 151-180 days prior to hospitalization.
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Figure 2. Cumulative percent of hospitalization that had each of the health-related exposures prior to hospitalization. Percentages are broken down for all Clostridioides
difficile infection (CDI) cases, secondary CDI cases, secondary CDI cases with a length of stay >3 days, and for hospitalizations without CDI. For each of the exposures and
each time period prior to hospitalization, CDI cases were much more likely to have a given exposure regardless of CDI case definition. Counts correspond to all possible hos-
pitalizations (ie, we do not restrict counts to 1 hospitalization per patient).

Risk associated with nursing home/long-term care exposure periods >90 days prior to hospitalization. Risk associated with
decreased from an OR of 2.97 (95% CI, 2.90-3.05) at 0-30 days ~ prior ED visits changed very little with time, beginning at 1.18
and roughly leveled off to an OR between 1.7 and 1.8 for  (95% CI, 1.15-1.20) for visits 0-30 days prior to hospitalization

688 « JID 2021:224 (15 August) « Miller et al



Table 2. Patients With Multiple Prior Healthcare Exposures,

MarketScan Research Database®

Excluding “Other Outpatient Care”: 2001-2017 Nationwide Hospitalizations in IBM

Setting 30 Days 60 Days 90 Days 120 Days 150 Days 180 Days
Hospital-onset CDI
No exposure 37 006 (52.3) 30 893 (43.66) 26 773 (37.84) 23998 (33.91) 21920 (30.98) 20 226 (28.58)
>1 setting 33754 (47.7) 39 867 (56.34) 43 987 (62.16) 46 762 (66.09) 48 840 (69.02) 50 534 (71.42)
>2 settings 8430 (11.91) 13238 (18.71) 16 802 (23.75) 19 637 (27.75) 22 064 (31.18) 24 045 (33.98)
>3 settings 848 (1.2) 2004 (2.83) 3068 (4.34) 4176 (5.9) 5175 (7.31) 6144 (8.68)

No CDI (and LOS >3 d)
No exposure

5 386 358 (78.17)

4967 053 (72.08)

4631 107 (67.21)

4 363 673 (63.33)

4139 714 (60.08)

3945 419 (57.26)

(
>1 setting 1504 422 (21.83) 1923727 (27.92) 2259 673 (32.79) 2527 107 (36.67) 2751 066 (39.92) 2945 361 (42.74)
>2 settings 170 571 (2.48) 303 443 (4.4) 431 516 (6.26) 553 980 (8.04) 668 766 (9.71) 775 793 (11.26)
>3 settings 8816 (0.13) 23 606 (0.34) 41189 (0.6) 61818 (0.9) 84 259 (1.22) 108 363 (1.57)

Data are presented as No. (%) unless otherwise indicated.
Abbreviations: CDI, Clostridioides difficile infection; LOS, length of stay.

“For each patient, we counted the number of different types of different healthcare settings (ie, hospitalization, emergency department [ED], ambulatory surgery, or nursing home/long-term
care facility) they encountered in a given window prior to admission. For example, a patient who had a hospitalization, ED visit, and ambulatory surgery visit within 30 days of admission

would receive a count of 2, whereas a patient who only encountered an ED in the prior 30 days would receive a count of 1.

and remaining around 1.15-1.16 for periods >30 days prior to
hospitalization, although risk associated with ED exposure did
decline with time since exposure for secondary and all CDI
cases. Risk associated with prior ambulatory surgery did not
appear to decline with time for hospital-onset CDI, but gener-
ally declined for secondary and all CDI cases, notwithstanding
a slight uptick between 90 and 150 days. These inconsistent pat-
terns likely reflect the smaller number of observations avail-
able for ambulatory surgery, as reflected by the wide CIs. Other
prior outpatient visits conveyed increased risk for hospital-
onset CDI, secondary CDI, and all CDI cases. For hospital-
onset CDI, the OR for other outpatient visits varied between
1.18 (95% CI, 1.13-1.23) and 1.23 (95% CI, 1.18-1.29) for visits
between 0 and 90 days prior to hospitalization and diminished
to no significant risk for 90 days prior. For all secondary CDI
cases, there did not appear to be an increased risk due to other
prior outpatient visits.

For each period prior to hospitalization, the risk associated
with high-CDI-risk antibiotics was greater than low-CDI-risk
antibiotics. For low-CDI-risk antibiotics, the increased risk
associated with prior exposure significantly diminished by
60 days prior to hospitalization; this was consistent for all CDI
case definitions. However, high-risk antibiotics were associated
with significantly increased risk even up to 180 days prior to
hospitalization. For hospital-onset CDI cases, the OR for high-
CDI-risk antibiotics decreased from 1.55 (95% CI, 1.52-1.59)
for 0-30 days prior to hospitalization to 1.18 (95% CI, 1.13-
1.24) for 151-180 days prior.

The greatest relative risk, in terms of OR magnitude, was fa-
milial exposure. In the period 0-30 days prior to hospitaliza-
tion, the ORs associated with family exposure were 5.39 (95%
CI, 4.05-7.19), 5.26 (95% CI, 4.01-6.89), and 6.80 (95% ClI,
5.56-8.32) for hospital-onset, secondary, and all CDI cases, re-
spectively. The large association of family exposure diminished

quickly, yielding ORs between 2 and 3 in the 30-120 days prior
to hospitalization to slightly below 2 in the 120-180 days prior
to hospitalization. However, given the low incidence of family
exposure (Table 1), the absolute and attributable risk is very low.

Across many of the prior exposures evaluated, there was a
consistent trend between exposure risk and CDI-case defini-
tion. In general, for each exposure period, the hospital-onset
CDI case cohort had the lowest risk, whereas all secondary or all
CDI cases had slightly greater levels of risk (Figure 3). In some
cases, such as prior hospitalization or nursing home/long-term
care exposures, secondary CDI cases were associated with the
highest level of risk, while for others, such as ED, ambulatory
surgery, and outpatient antibiotic exposures, all CDI cases had
more elevated risk. For outpatient visits and family CDI expos-
ures, there was no major difference between case definitions.
The largest difference in terms of risk among case definitions
was for outpatient antibiotic exposures (both high and low risk).

Table 3 provides a summary of other patient characteristics
from the regression model.

In general, CDI risk increased with patient age for adults.
Each additional day a patient stayed in the hospital was asso-
ciated with slightly increased risk for CDI, with an OR of 1.02
(95% CI, 1.02-1.02) for hospital-onset cases. For all CDI cases,
female patients were at increased risk for CDI; however, this
was not statistically significant for hospital-onset and secondary
cases. Year was positively associated with CDI risk, increasing
from 2001 to 2015 and then decreasing for 2016-2017.

As a sensitivity analysis, we repeated all of our statistical ana-
lyses using all patients without restricting enrollees to a single
hospitalization. This study population’s baseline characteristics
are summarized in Supplementary Table 2, with regression re-
sults reported in Supplementary Table 3 and Supplementary
Figure 1. In general, all of our primary estimated associ-
ations remained consistent when using the complete set of
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admission. Odds ratios are presented for the 3 different regression models based on CDI case definition: hospital-onset CDI (defined as secondary cases with length of stay
ase definition, for each exposure there is a fairly consistent pattern where the risk of
plementary Table 1. The slight downward trend for low-risk antibiotics in 1-31 days
period (eg, a 14-day course of antibiotics beginning 7 days prior to admission). See

Supplementary Figure 2 for similar trends for high- and low-risk antibiotics broken down by treatment duration <14 days or >14 days.
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Table 3. Regression Results for Regression Coefficients Not Associated With Prior Exposures®

Hospital-Onset CDI (Secondary

Diagnosis and >3 Day LOS) CDI as a Secondary Diagnosis CDI as Any Diagnosis
Coefficient OR (95% CI) OR (95% CI) OR (95% CI)
Age, y
18-26 (reference) (reference) (reference)
27-44 0.99 (.94-1.04) 0.97 (.93-1.01) 0.98 (.95-1.01)
45-64 1.64 (1.57-1.72) 2.01 (1.94-2.09) 1.99 (1.93-2.05)
>65 1.8 (1.72-1.88) 2.68 (2.57-2.79) 2.68 (2.6-2.77)
Female sex 1.02 (1-1.04) 1 (.98-1.01) 1.1 (1.09-1.12)
Length of stay 1.02 (1.02-1.02) 1.03 (1.03-1.03) 1.03 (1.02-1.03)
Year
2001 (reference) (reference) (reference)
2002 1.43 (1.21-1.68) 1.4 (1.21-1.64) 1.44 (1.29-1.62)
2003 1.7 (1.46-1.98) 1.68 (1.45-1.94) 1.51 (1.36-1.68)
2004 2.42 (2.09-2.8) 2.37 (2.06-2.72) 1.99 (1.8-2.22)
2005 2.89 (2.49-3.34) 2.84 (2.48-3.27) 2.39 (2.15-2.65)
2006 2.08 (1.79-2.41) 2.17 (1.88-2.49) 2.28 (2.06-2.54)
2007 2.75 (2.37-3.18) 2.81 (2.45-3.23) 2.71 (2.45-3.01)
2008 3.3 (2.85-3.81) 3.15 (2.74-3.61) 2.98 (2.69-3.3)
2009 3.22 (2.79-3.72) 3.08 (2.69-3.53) 2.79 (2.52-3.09)
2010 3.27 (2.83-3.78) 3.13 (2.73-3.59) 2.9 (2.62-3.21)
2011 3.77 (3.27-4.35) 3.6 (3.14-4.12) 3.21 (2.9-3.56)
2012 3.97 (3.44-4.58) 3.87 (3.38-4.44) 3.4 (3.07-3.77)
2013 4.01 (3.47-4.64) 4.07 (3.565-4.66) 351 (3.17-3.89)
2014 4.28 (3.71-4.95) 4.29 (3.75-4.92) 3.56 (3.21-3.94)
2015 4.15 (3.69-4.8) 4.25 (3.71-4.88) 3.46 (3.12-3.84)
2016 4.04 (3.49-4.67) 4.08 (3.56-4.68) 3.23 (2.91-3.58)
2017 3.34 (2.89-3.87) 3.37 (2.93-3.87) 2.76 (2.49-3.06)
Month
January (reference) (reference) (reference)
February 1 (.97-1.04) 1 (.96-1.03) 0.99 (.96-1.02)
March 1 (.97-1.04) 0.99 (.96-1.03) 1.01 (.99-1.04)
April 0.99 (.95-1.03) 0.98 (.95-1.02) 1.01 (.98-1.04)
May 0.98 (.95-1.02) 0.97 (.94-1.01) 1 (.97-1.03)
June 0.98 (.95-1.02) 0.95 (.91-.98) 0.98 (.95-1.01)
July 0.95 (.92-.99) 0.9 (.87-.93) 0.92 (.9-.95)
August 0.97 (.93-1.01) 0.92 (.89-.95) 0.94 (.91-.96)
September 0.97 (.93-1) 0.93 (.9-.96) 0.96 (.93-.98)
October 0.98 (.94-1.01) 0.95 (.92-.98) 0.96 (.93-.98)
November 0.99 (.95-1.02) 0.96 (.93-.99) 0.96 (.93-.99)
December 1 (.97-1.04) 0.96 (.93-.99) 0.96 (.93-.98)
Comorbidities
CHF 1.05 (1.03-1.08) 1.17 (1.15-1.2) 0.97 (.95-.98)
Valvular 0.76 (.74-79) 0.87 (.84-.89) 0.75 (.74-77)
PHTN 0.91 (.88-.95) 1.03 (.99-1.07) 0.84 (.81-.87)
PVD 1.14 (1.11-1.18) 1.31 (1.27-1.35) 1.21 (1.18-1.25)
HTN 0.75 (.73-.76) 0.73 (.72-.74) 0.76 (.75-.77)
Paralysis 1.25 (1.2-1.29) 1.38 (1.33-1.43) 1.15 (1.11-1.19)
Neuro (other) 0.99 (.96-1.01) 1.05 (1.02-1.07) 0.88 (.86-.9)
Pulmonary 0.92 (.9-.94) 0.96 (.94-.98) 0.86 (.84-.87)
DM 0.93 (.91-.96) 0.94 (.92-.96) 0.87 (.85-.89)
DMcex 1.1 (1.07-1.14) 1.19 (1.15-1.23) 0.99 (.96-1.02)
Hypothyroid 0.86 (.84-.9) 0.85 (.82-.88) 0.92 (.9-.94)
Renal 1.58 (1.54-1.62) 1.7 (1.66-1.74) 1.59 (1.65-1.62)
Liver 1.34 (1.29-1.4) 1.53 (1.47-1.58) 1.56 (1.52-1.61)
PUD 0.97 (.84-1.13) 1.14 (.99-1.32) 0.96 (.85-1.08)
HIV 1.42 (1.28-1.57) 1.67 (1.51-1.84) 1.37 (1.26-1.5)
Lymphoma 1.84 (1.77-1.91) 2.03 (1.95-2.11) 1.62 (1.66-1.67)
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Table 3. Continued

Hospital-Onset CDI (Secondary
Diagnosis and >3 Day LOS)

CDlI as a Secondary Diagnosis

CDI as Any Diagnosis

Coefficient OR (95% ClI) OR (95% CI) OR (95% CI)
Mets 0.84 (.81-.87) 0.99 (.96-1.02) 0.77 (.76-.79)
Tumor 1 (.97-1.03) 1.09 (1.06-1.12) 0.9 (.88-.92)
Rheumatic 1.09 (1.03-1.15) 12 (1.14-1.26) 122 (1.17-1.27)
Coagulopathy 1.34 (1.3-1.38) 1.49 (1.44-1.53) 1.2 (1.17-1.23)
Obesity 0.8 (.77-.83) 0.78 (.76-.81) 0.68 (.67-.7)
Weight loss 2.22 (2.17-2.27) 2.42 (2.36-2.47) 2.14 (2.1-2.19)
FluidsLytes 2.17 (2.14-2.21) 2.78 (2.74-2.82) 3.81 (3.76-3.85)
Blood loss 0.87 (.81-.92) 0.89 (.84-.94) 0.76 (.72-.8)
Anemia 1.06 (1.04-1.09) 115 (1.13-1.18) 114 (1.12-1.16)
Alcohol 0.84 (.8-.88) 0.97 (.93-1.02) 0.77 (.74-.8)
Drugs 0.47 (.44-51) 0.64 (.6-.69) 0.63 (.59-.67)
Psychoses 0.58 (.56-.61) 0.73 (.7-.76) 0.65 (.63-.68)
Depression 0.79 (.76-.82) 0.85 (.82-.88) 0.99 (.96-1.01)

Abbreviations: CDI, Clostridioides difficile infection; CHF, congestive heart failure; Cl, confidence interval; DM, diabetes mellitus; DMcx, diabetes mellitus with complications; FluidsLytes,
Fluid and Electrolyte disorders; HIV, human immunodeficiency virus; HTN, Hypertension; OR, odds ratio; PHTN, Pulmonary Hypertension / Pulmonary Circulation Disorders; PUD, Peptic

Ulcer Disease; PVD, Peripheral Vascular Disorders.

*These models correspond to results presented in red, green, and blue, respectively, in Figure 3. Similar results corresponding to all hospitalizations (ie, not restricted to 1 hospitalization per

enrollee) can be found in Supplementary Table 3 and Supplementary Figure 1.

hospitalizations: there was increased risk associated with prior
healthcare exposures, and this risk decreased with the amount
of time between hospitalization and prior exposure. However,
individual estimates decreased slightly when we used multiple
observations from each enrollee.

DISCUSSION

Our results demonstrate that exposure to different healthcare
environments and antibiotics prior to a hospitalization are asso-
ciated with an increased likelihood of a CDI diagnosis. Because
of our large study population, we could evaluate the CDI risk
attributable to different types of exposures (eg, ED visits, anti-
biotics). In the 30 days before an index hospitalization, prior
hospitalizations and long-term care stays have the strongest as-
sociations with CDI diagnoses (ORs of 3.73 and 2.97, respec-
tively). In contrast, outpatient visits are associated with lower
risk (OR, 1.18). In addition, the risk associated with exposures
decays with time, especially for exposures >30 days in the past.
However, for some exposures, such as prior hospitalizations or
long-term care stays, the increased likelihood of CDI decays
much more slowly, and persists up to 180 days.

One of our most striking results is that CDI patients had far
greater exposure to multiple healthcare settings prior to the
hospitalization where they were diagnosed with CDI, compared
with patients who did not develop CDI during a hospital stay.
In fact, a majority of patients diagnosed with CDI in hospitals
(62%) had at least 1 prior hospitalization, ED visit, ambulatory
surgery, or nursing home/long-term care stay within 90 days
prior to the CDI-associated hospitalization. By contrast, only
32% of patients without CDI had such an exposure within
90 days prior to hospitalization. For any given time period prior
to hospitalization, patients with CDI were 3-4 times more likely

to be exposed to 2 or more of these settings. Relatively few people
with CDI had no prior exposures to healthcare or antibiotics.
Previous research has shown that people at risk for CDI have
more preexisting comorbidities and thus have more healthcare
exposure; [27, 28]; thus, we cannot rule out the possibility of, or
directly quantify the degree to which, the prior-healthcare ex-
posure risk we identify is attributable to overall patient health.
However, given that we controlled for a number of other patient
comorbidities and identified an exposure risk that decayed with
time, it seems unlikely that overall patient morbidity can fully
explain our findings. Regardless of whether the risk is associ-
ated with underlying patient illness or the healthcare exposure
itself, these visits are an important marker for both predicting
and adjusting for CDI risk.

Our findings have several important implications. First, our
results highlight the importance of considering longitudinal
healthcare exposures to understand the natural history of CDI
infections. Prior exposure to healthcare settings as far back as
180 days may be linked to increased CDI risk during a cur-
rent hospital stay, and different types of exposures may confer
different levels of risk. Second, our results can inform efforts
to model or predict CDI, evaluate potential infection control
interventions, or identify individuals at high risk for devel-
oping CDI. Our findings suggest that these efforts may need
to measure and account for multiple exposures prior to hos-
pitalization. Third, our estimates have direct implications for
antimicrobial stewardship efforts. Our approach confirms the
findings of others: that some antimicrobials confer higher levels
of risk for CDI than others. Our work also shows that risk asso-
ciated with low-CDI-risk antimicrobials decreases quickly with
time prior to hospitalization, whereas risk associated with other
antimicrobials is sustained over much longer time intervals,
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highlighting the importance of prescribing lower-CDI-risk
antimicrobials when clinically appropriate.

Our results offer some insight into the role of the environ-
ment on the spread of CDI. The environment has long been
implicated in the spread of CDI [29-31]. However, studies
sequencing CDI strains in geographic regions or hospitals
have demonstrated that substantial proportions of isolates
from symptomatic CDI patients are not genetically related and
epidemiologic links cannot be established for many patients,
suggesting a role of asymptomatic spread [9, 10]. However,
our results demonstrate that a substantial proportion of pa-
tients with hospital-onset CDI have many different exposures
(eg, antibiotic use, familial CDI, ED visits) prior to admission
where such links may occur. Given the persistent levels of risk
we report, future efforts to identify genetic relationships be-
tween CDI cases may need to widen the catchment area of
potential exposures far beyond the hospital where symptoms
present.

Aside from informing future CDI-related research, our re-
sults also have direct policy implications. In an effort to moti-
vate prevention efforts, hospital reimbursement is often tied to
CDI rates, penalizing institutions with higher CDI incidence.
While there is currently evidence that CDI rates may need to be
adjusted for patient and healthcare setting characteristics [32,
33], our findings suggest that comparisons of CDI rates also
need to account for the mix of exposures that patients may ex-
perience prior to hospitalization.

Our observational study design is based exclusively on rou-
tinely collected administrative claims data and thus has 3 dis-
tinct limitations. First, these data are primarily collected for the
purposes of billing, which our research team cannot directly
validate. Second, we do not have access to laboratory results
to confirm CDI diagnoses, nor can we directly measure CDI
colonization. Third, we cannot identify the exact day when
symptoms emerge during a hospital stay. Thus, we cannot
specifically identify cases of CDI that meet exact surveillance
definitions for healthcare facility—onset CDI or community-
onset, healthcare facility-associated CDI. However, our ana-
lyses considered 3 different case definitions of CDI, based on
length of stay and order of diagnosis, and results were con-
sistent across all 3.

Despite these limitations, our results show that patients
diagnosed with CDI in hospital settings typically have had
previous—and often multiple—prior healthcare-associated ex-
posures. Furthermore, different types of exposures entail dif-
ferent levels of risk, which decay at different rates with respect
to time prior to hospitalization. Collectively, our findings high-
light how difficult it is to directly attribute cases of CDI to spe-
cific exposures and thus have important implications for CDI
research, infection control, antimicrobial stewardship, and ef-
forts to link CDI cases to reimbursement.
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