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Background. Antibiotics are the greatest risk factor for Clostridioides difficile infection (CDI). Risk for CDI varies across 
antibiotic types and classes. Optimal prescribing and stewardship recommendations require comparisons of risk across 
antibiotics. However, many prior studies rely on aggregated antibiotic categories or are underpowered to detect significant 
differences across antibiotic types. Using a large database of real-world data, we evaluate community-associated CDI risk across 
individual antibiotic types.

Methods. We conducted a matched case–control study using a large database of insurance claims capturing longitudinal health 
care encounters and medications. Case patients with community-associated CDI were matched to 5 control patients by age, sex, and 
enrollment period. Antibiotics prescribed within 30 days before the CDI diagnosis along with other risk factors, including 
comorbidities, health care exposures, and gastric acid suppression were considered. Conditional logistic regression and a 
Bayesian analysis were used to compare risk across individual antibiotics. A sensitivity analysis of antibiotic exposure windows 
between 30 and 180 days was conducted.

Results. We identified 159 404 cases and 797 020 controls. Antibiotics with the greatest risk for CDI included clindamycin and 
later-generation cephalosporins, and those with the lowest risk included minocycline and doxycycline. We were able to differentiate 
and order individual antibiotics in terms of their relative level of associated risk for CDI. Risk estimates varied considerably with 
different exposure windows considered.

Conclusions. We found wide variation in CDI risk within and between classes of antibiotics. These findings ordering the level of 
associated risk across antibiotics can help inform tradeoffs in antibiotic prescribing decisions and stewardship efforts.
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Clostridioides difficile infection (CDI) is a common cause of 
health care–associated infections, contributing to excess morbid-
ity, mortality, and health care costs [1–3]. In addition to hospital 
settings, cases of community-associated CDI (CA-CDI) have 
also become more common [4–6]. Thus, while exposure to 
health care settings remains a major risk factor for CDI [7–9] 
for both health care– and community-associated CDI, multiple 
other risk factors have been described. These risk factors include 
advanced age [3], gastric acid suppression [10–13], frailty [14], 
low albumin [15, 16], multiple comorbidities [17], and, most im-
portantly, prior antibiotic use [18–20]. In fact, before the identi-
fication of the causative agent for CDI, the disease was 
commonly called antibiotic-associated colitis [21, 22].

Almost all antibiotics have been associated with an increased 
risk of developing CDI [23]. However, some antibiotics impart 
more risk than others. In general, clindamycin, later-generation 
cephalosporins, and fluoroquinolones are considered high-risk 
antibiotics for developing CDI [24]. In contrast, tetracyclines 
are considered lower-risk antibiotics [25]. Given the public 
health importance of CDI, many antibiotic stewardship efforts 
have focused on reducing CDI rates by reducing inappropriate 
antibiotic prescribing [26]. Because some antibiotics confer 
more risk for CDI than others, preferentially prescribing lower- 
risk antibiotics has been proposed as an approach to reduce 
CDI rates [25, 27, 28].

Most studies comparing CDI risks for different antibiotics 
have been underpowered to differentiate levels of risk between 

individual antibiotics. Thus, several meta-analyses have pooled 
results from smaller studies [20, 29–31]. In general, confidence 
intervals around the risk estimates for different antibiotics tend 
to overlap, except for the lowest- and highest-risk antibiotics. 
These meta-analyses are further challenged by pooling different 
study populations and including different time periods for cap-
turing antibiotic exposure. Estimating the risk attributable to 
different antibiotic exposures is especially challenging for pa-
tients with significant health care exposures, which often entail 
multiple overlapping risk factors for CDI. An alternative ap-
proach is to estimate CDI risk by focusing on CDI cases with-
out recent hospitalizations or long-term-care exposures. The 
recent increase in CA-CDI may provide such an opportunity.

The objective of this study was to evaluate the risk for 
CA-CDI across different antibiotics to better inform antibiotic 
prescribing. We directly compared the associated risk levels be-
tween multiple types of antibiotics by conducting a case–con-
trol study of CA-CDI cases and controls without CDI using a 
large data set of commercial insurance claims across the 
United States. We also evaluated the impact of different lengths 
of time before CDI to capture antibiotic exposure.

METHODS

Data

We used the Merative MarketScan Research Databases includ-
ing the Commercial, Medicare, and Multi-State Medicaid 
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databases. The Commercial and Medicare databases covered 
the years 2001–2021, and the Medicaid database covered 
2014–2018. These databases contain demographic and enroll-
ment information, along with inpatient, outpatient, and emer-
gency department visits and outpatient prescription drug 
claims. Across the study period, these databases represent 
>245 million distinct enrollees.

Study Population

We conducted a matched case–control study comparing prior 
exposures between CA-CDI cases and matched controls with-
out CDI. We included both adult and pediatric patients. Case 
patients diagnosed with CA-CDI were identified using the fol-
lowing criteria: (1) CDI diagnosed (using International 
Classification of Diseases, Ninth/Tenth Revision, Clinical 
Modification [ICD-9-CM/ICD-10-CM] codes) in either an 
outpatient setting, as the principal diagnosis for a hospital ad-
mission, or during a hospitalization lasting ≤2 days, (2) no pri-
or inpatient stay within 12 weeks before the CDI diagnosis, (3) 
continuous enrollment with medication coverage for ≥180 
days before the index diagnosis, and (4) no prior CDI diagnos-
es. Each CDI case was then randomly matched to 5 enrollees 
without CDI of the same age, sex, insurance type, and covering 
the same enrollment period before diagnosis (ie, 180 days be-
fore the corresponding CDI diagnosis date). Each match was 
unique, and control patients were only matched to a single 
case. Controls were assigned the same index date associated 
with their matched cases’ index CDI diagnosis; this date was 
used as the index date to identify prior antibiotic exposure.

To account for possible lags in the diagnosis of CDI in out-
patient settings relative to the actual infection date (eg, patient 
presented with diarrhea, was treated empirically, and received 
diagnosis only after lab results were returned), we sought to 
identify empiric treatment of CDI before the recorded diagno-
sis. We implemented the following adjustment to correct for 
potential lags in diagnosis. For patients who received treatment 
for CDI (ie, received a prescription for oral vancomycin, fidax-
omicin, or metronidazole) within 30 days before the index CDI 
diagnosis, we shifted the index CDI date to either (1) the date of 
a health care visit for diarrhea, if it occurred within 30 days on 
or before the treatment date, or (2) the date on which the CDI 
treatment was received, if no diarrhea diagnosis was recorded.

Statistical Analysis

We used a conditional logistic regression model to estimate the 
likelihood of having CA-CDI as a function of individual types 
of antibiotic exposures and other patient risk factors. We creat-
ed separate indicator variables for each of the antibiotic types 
considered, based on exposure within 30 days before index. 
Patients who received >1 type of antibiotic during this expo-
sure period had separate indicators for each antibiotic received, 
regardless of whether the antibiotics were received 

concurrently or sequentially. We used the prescription fill 
date and number of days supplied to compute the time from in-
dex date to the most recent antibiotic exposure. For example, a 
patient who received a 7-day supply of an antibiotic filled 35 
days before index would be included as having a time since 
last exposure of 28 days.

Our aim was to focus on those antibiotics for which CA-CDI 
risk could be estimated with a reasonable degree of precision. 
Thus, 27 individual antibiotic types were selected for which 
≥50 case and control observations had exposure within 30 
days before index. Supplementary Table 1 lists each of the indi-
vidual antibiotics that were considered along with their class. 
Antibiotics with 20–50 case observations were included in 
our analytical model, but their effect sizes were not reported 
in our primary results. All remaining types of antibiotics with 
<20 case observations were not considered individually, but 
were instead aggregated into a single category, called “other an-
tibiotics,” sharing a single indicator in the model representing 
other antibiotic exposure within 30 days. Finally, antibiotics 
that met these inclusion criteria but had been discontinued 
(eg, gatifloxacin), were primarily used for treatment of H. pylori 
(eg, amoxicillin/clarithromycin), or were primarily used in in-
patient settings (eg, ceftriaxone) were included in the model but 
are not presented in the primary tables (Supplementary 
Table 2).

We also controlled for patient comorbidities using the 
Elixhuaser comorbidity indicators [32], computed using all 
health care visits that occurred within 180 days before the index 
date, and separate indicators were included for each of the co-
morbidities. Receipt of a proton-pump inhibitor (PPI) within 
90 days before index was also included in the model. Finally, 
to account for differences in potential health care exposures 

Table 1. Study Population Characteristics of CA-CDI Cases and Matched 
Controls

Characteristic
CA-CDI Cases, 

No. (%)
Controls, 
No. (%)

No. 159 404 797 020

Age group

<18 y 12 460 (7.82) 62 300 (7.82)

18–26 y 10 228 (6.42) 51 140 (6.42)

27–44 y 26 739 (16.77) 133 695 (16.77)

45–64 y 58 693 (36.82) 293 465 (36.82)

>65 y 51 284 (32.17) 256 420 (32.17)

Female sex 103 691 (65.05) 518 455 (65.05)

Medicaid 20 956 (13.15) 104 780 (13.15)

PPI within prior 90 d 31 909 (20.02) 71 150 (8.93)

Any antibiotic within 30 d 78 784 (49.42) 78 629 (9.87)

Mean/median number of comorbidities 2.38/2 0.91/0

Mean/median number of visits before 
index

9.81/6 3.48/1

Abbreviations: CA-CDI, community-associated Clostridioides difficile infection; PPI, 
proton-pump inhibitor.
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before infection, the total number of health care visit dates in 
the prior 90 days was calculated and included in the model. 
Note, patient age, sex, date of diagnosis, and insurance type 
were all accounted for in the study design during the matching 
process, as each of these variables was identically matched be-
tween cases and controls.

A Bayesian analysis was implemented using an improper 
uniform prior on the regression coefficients. Given the large 
sample size and a lack of strong beliefs regarding the relation-
ships between antibiotics, we utilized an improper uniform pri-
or. We computed point estimates using the posterior mean and 
95% credible intervals (CIs). We also directly compared antibi-
otics by computing the posterior probabilities that the odds ra-
tio of exposure to one type of antibiotic was greater than the 
odds ratio of exposure to another type of antibiotic.

Sensitivity Analysis

The existing literature evaluating CDI risk has often used a 
range of exposure windows to capture prior antibiotic 

exposure. Studies have found that antibiotics within 30 [33], 
45 [34], 60 [35], 90 [12, 13, 36], and 180 days [6, 37] may be as-
sociated with increased risk for CDI. To evaluate the effect that 
differing exposure windows may have on the estimates for CDI 
risk, we conducted a sensitivity analysis where alternative expo-
sure windows of 60, 90, 120, 150, and 180 days before the index 
date were considered. We then repeated the analysis using each 
of these alternative exposure windows, hypothesizing that lon-
ger exposure windows would shift effect estimates toward the 
null value (ie, odds ratio of 1) as more patients with unassoci-
ated exposures would be labeled exposed.

RESULTS

We identified 159 404 cases of CA-CDI and 797 020 controls. 
Table 1 provides a description of our study population in terms 
of demographic characteristics. In general, the study popula-
tion reflects a similar age distribution to surveillance reports 
of CA-CDI events [38, 39]. Compared with controls, CA-CDI 

Table 2. Comparison of Counts of Antibiotic Exposure Within 30 Days Before Index Between CA-CDI Cases and Controls, Along With Unadjusted Odds 
Ratios for CDI and Adjusted Odds Ratios and 95% Credible Intervals From the Conditional Logistic Regression Model; Additional Covariates and Antibiotics 
With <50 Cases Among the Control Population Can be Found in Supplementary Table 2.

Antibiotic Class Antibiotic Name
Count Among CA-CDI Cases 

(n = 181 041)
Count Among Controls 

(n = 905 205) Unadjusted Odds Ratio
Adjusted Odds Ratio  

(95% CI)

Lincosamides Clindamycin 11 054 2615 22.64 25.39 (24.11–26.72)

Cephalosporins Cephalexina 5494 6301 4.48 2.88 (2.74–3.02)

Cefdinirc 5455 2379 11.84 11.02 (10.39–11.69)

Cefuroximeb 2460 1190 10.48 9.59 (8.79–10.45)

Cefpodoximec 324 114 14.24 9.17 (6.99–12.04)

Cefadroxila 253 308 4.11 2.84 (2.27–3.54)

Cefprozilc 244 289 4.23 2.97 (2.4–3.68)

Cefiximec 243 79 15.4 12.04 (8.84–16.38)

Cefaclorb 62 60 5.17 4.16 (2.66–6.52)

Fluoroquinolones Ciprofloxacin 10 672 6853 8.27 6.83 (6.56–7.1)

Levofloxacin 4246 4349 4.99 2.49 (2.35–2.64)

Moxifloxacin 969 661 7.37 4.71 (4.14–5.37)

Penicillins Amoxicillin/clavulanate 12 738 7056 9.72 8.53 (8.23–8.85)

Amoxicillin 6079 12 365 2.52 1.96 (1.88–2.04)

Penicillin 797 1412 2.83 1.8 (1.59–2.03)

Ampicillin 178 220 4.05 2.6 (2–3.39)

Dicloxacillin 148 106 6.99 5.91 (4.37–7.99)

Sulfonamides Sulfamethoxazole/trimethoprim 5289 5881 4.62 2.16 (2.05–2.27)

Trimethoprim 135 301 2.24 1.01 (0.76–1.36)

Macrolides Azithromycin 4499 11 811 1.93 1.31 (1.26–1.37)

Clarithromycin 692 1125 3.08 1.83 (1.62–2.07)

Erythromycin 218 357 3.06 1.53 (1.21–1.93)

Tetracyclines Doxycycline 2005 6273 1.61 0.96 (0.89–1.02)

Minocycline 283 1462 0.97 0.79 (0.67–0.93)

Tetracycline 114 348 1.64 1.21 (0.92–1.6)

Other Nitrofurantoin 2798 4117 3.44 1.77 (1.65–1.89)

Linzolid 167 52 16.07 3.58 (2.36–5.44)

Abbreviation: CA-CDI, community-associated Clostridioides difficile infection.  
aFirst-generation cephalosporin.  
bSecond-generation cephalosporin.  
cThird-generation cephalosporin.
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case patients were more likely to have received a PPI (20.02% vs 
8.93%), to have received any antibiotic within 30 days (49.42% 
vs 9.87%), to have more comorbidities (2.38 vs 0.91), and to 
have had more health care visits in the 90 days prior (9.81 vs 
3.48).

Table 2 provides summary counts of each antibiotic evaluat-
ed along with the number of cases and controls who received 
the antibiotic and the univariate odds ratios for the odds of oc-
currence among cases relative to controls. The 5 most com-
monly prescribed antibiotics among cases were clindamycin, 
amoxicillin/clavulanate, ciprofloxacin, cephalexin, and cefdi-
nir. Among control patients, the most common antibiotics 
were amoxicillin, azithromycin, amoxicillin/clavulanate, cipro-
floxacin, and cephalexin. The top 5 antibiotics in terms of 

unadjusted odds ratios were clindamycin, cefixime, cefpodox-
ime, cefdinir, and cefuroxime. The only antibiotic with an un-
adjusted odds ratio <1 was minocycline.

Adjusted odds ratios and 95% credible intervals for each an-
tibiotic from the logistic regression model are also presented in 
Table 2 (estimates for the remaining risk factors and antibiotics 
with low counts are presented in Supplementary Table 2). 
Clindamycin (25.39; 95% CI, 24.11–26.72) was associated 
with the greatest level of risk for CDI. The later-generation 
cephalosporins of cefixime, cefdinir, cefuroxime, and cefpo-
doxime along with the penicillin amoxicillin/clavulanate had 
odds ratios ranging from 8.53 to 12.04. The fluoroquinolones 
of ciprofloxacin and moxifloxacin, dicloxacillin, and later- 
generation cephalosporin cefaclor had odds ratios ranging 

Figure 1. Visual comparison of effect estimates across antibiotic types, grouped by antibiotic class. Point estimates are depicted by the circle and 95% credible intervals by 
the line segments. Exact values can be found in Table 2.
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from 4.16 to 6.83. Linezolid, the later-generation cephalosporin 
cefprozil, first-generation cephalosporins cephalexin and cefa-
droxil, ampicillin, levofloxacin, and sulfamethoxazole/trimeth-
oprim had odds ratios between 2.15 and 3.58. The remaining 
penicillins, macrolides, and nitrofurantoin had odds ratios be-
tween 1.31 and 1.96. Trimethoprim, doxycycline, and tetracy-
cline had odds ratios that were not statistically significant, 
while minocycline had a significant protective effect (0.79; 
95% CI, 0.67–0.93).

From Figure 1, which compares estimated odds ratios and 
95% credible intervals, one can see that there is significant var-
iation in risk both between antibiotic classes and within classes. 
On average, clindamycin and cephalosporins, particularly 
later-generation cephalosporins, provided the highest risk, 
while fluoroquinolones and penicillins provided moderate 
risk, macrolides and sulfonamides provided lower risk, and 
the tetracyclines provided almost no risk. However, within clas-
ses there remained considerable variation between antibiotic 
types. For example, amoxicillin/clavulanate had a risk level 
similar to that of later-generation cephalosporins at 8.53 

(95% CI, 8.23–8.85), which was >4 times the associated risk lev-
el of amoxicillin without clavulanate (1.96; 95% CI, 1.88–2.04). 
Ciprofloxacin had a risk level closer to that of later-generation 
cephalosporins (6.83; 95% CI, 6.56–7.10), while levofloxacin 
had a risk level similar to first-generation cephalosporins 
(2.49; 95% CI, 2.35–2.64). Cefeximine (12.04; 95% CI, 8.84– 
16.38) had >4 times the risk level of cefadroxil (2.84; 95% CI, 
2.27–3.54).

For each pair of antibiotics, Figure 2 provides a probabilistic 
comparison that one antibiotic is associated with a greater risk 
for CDI than another antibiotic. Specifically, Figure 2 shows 
the posterior probability that the increase in odds of CDI due 
to taking one antibiotic (represented along the rows) is less 
than the increase due to taking a different antibiotic (represented 
along the columns). Specific values are reported for all probabil-
ity values between 5% and 95%. Across nearly all 27 antibiotics 
considered, we were able to probabilistically differentiate and or-
der their level of associated risk at a 95% level. Clindamycin ex-
hibits the highest level of risk, reflected by posterior probability 
values >95% that the odds ratio for clindamycin was greater 

Figure 2. Posterior probabilities of the pairwise comparisons of odds ratios across antibiotic types. The values represent the posterior probability that the odds ratio of the 
antibiotic in the row is less than the odds ratio of the antibiotic in the column. For example, the posterior probability that the odds ratio for cefixime is less than that of cefdinir 
is roughly 29.0%, while the posterior probability that the odds ratio for cefdinir is less than that of cefixime is roughly 71.0%. Results are ordered by effect size based on the 
30-day exposure window. Only exact probability values between 5% and 95% are reported; Supplementary Figure 1 provides complete values for all cells <5% and >95%.
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than the odds ratio of any other antibiotic type considered. In 
contrast, the posterior probability that the odds ratio for mino-
cycline is less than another antibiotic type is >95% across all an-
tibiotic types other than trimethoprim.

We conducted a sensitivity analysis using different win-
dows to capture antibiotic exposures. Figure 3 provides a 
summary of the results from the sensitivity analysis where 

alternative exposure windows are considered. The results in 
Figure 3 are ordered based on the estimated risk level. 
Supplementary Table 3 provides the exact estimates and cred-
ible intervals for each of these models. Supplementary Figures 
1–6 provide posterior pairwise comparisons of odds ratios 
across antibiotics using exposure windows from 30 to 180 
days, respectively.

Figure 3. Results of sensitivity analysis for effect estimates across antibiotic types using different exposure windows to capture prior antibiotic exposure. Exact values are 
reported in Supplementary Table 3. Results are ordered by effect size based on the 30-day exposure window. In general, effect estimates move toward the null value of 1 as 
the exposure window increases.
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Two notable features emerge from the sensitivity analysis. 
First, the ordering of types of antibiotics in terms of risk is gen-
erally preserved—an antibiotic that exhibited a higher level of 
risk than another antibiotic using a 30-day window generally 
remained higher risk when using a 90-day window. Second, 
within antibiotic types there is a fairly dramatic decrease in 
the estimated effect for longer exposure windows. This shift oc-
curs in a monotonic fashion, with larger exposure windows 
producing odds ratios closer to 1, across nearly all antibiotics. 
This shift is often so dramatic that the estimated effect for 
one antibiotic using a given window may trade places with an-
other antibiotic using a different window. For example, cefdinir 
had a larger effect than amoxicillin/clavulanate at each time pe-
riod; however, the risk for amoxicillin/clavulanate using a 
30-day window (8.53; 95% CI, 8.23–8.85) was greater than cef-
dinir when using a 60-day window (7.53; 95% CI, 7.17–7.92). 
Thus, comparisons across antibiotics require consistent expo-
sure windows.

DISCUSSION

In this study, we compared the risk for CA-CDI associated with 
27 different antibiotics. Given our large study population, we 
were able to derive comparable risk estimates for each of these 
antibiotics while controlling for other antibiotic exposures and 
a range of additional risk factors. Although our case–control 
design does not provide exact relative risk estimates for the 
population, we provide comparable estimates of risk levels 
across antibiotic types and classes. We found considerable var-
iation of risk across antibiotic classes and across individual an-
tibiotics within classes. These findings have important 
implications for clinical prescribing decisions and illustrate 
some of the potential tradeoffs when choosing between differ-
ent antibiotics in terms of CDI-related risk.

In general, our results are consistent with prior investiga-
tions. We found that clindamycin is deserving of its 
high-CDI-risk reputation. Also consistent with other reports, 
we found that tetracyclines are associated with the lowest levels 
of risk. However, most prior reports of CDI risk estimates lack 
power to produce nonoverlapping risk estimates [20, 29–31]. A 
recent study that evaluated risk across 18 different individual 
antibiotics among a large population of nursing home residents 
[36] produced many effect estimates with overlapping confi-
dence intervals. In contrast, our study population was suffi-
ciently large to produce effect estimates, credible intervals, 
and posterior probabilities, allowing for direct inference on 
the ordering of risk associated with the 27 antibiotics 
considered.

Similar to some prior studies, we demonstrated that the risk 
associated with first-generation cephalosporins is substantially 
lower than most later-generation cephalosporins. Prior meta- 
analyses have shown that point estimates between these classes 

were different, but we demonstrated a clear delineation in risk 
among individual first- and later-generation cephalosporins. In 
addition, we found that macrolides were associated with a rel-
atively low risk level, almost comparable to that of tetracyclines. 
Interestingly, amoxicillin/clavulanate was similar in risk to 
later-generation cephalosporins and was associated with sub-
stantially more risk than amoxicillin without clavulanate. 
While much interest has been focused on the risks of CDI as-
sociated with fluroquinolones [40, 41], we found that the risks 
associated with fluroquinolones were in between the risks asso-
ciated with first- and later-generation cephalosporins.

We also considered how risk estimates for different antibiot-
ics may change depending on the period used to capture anti-
biotic exposure. Existing literature has been largely inconsistent 
when considering different exposure windows; 30- to 90-day 
windows are commonly used [12, 13, 33–36], but longer win-
dows have also been considered [6, 37]. Our findings raise im-
portant questions about the comparability of results across 
different studies and settings. We found that for most antibiot-
ics, the risk estimates varied by a large degree when different 
exposure windows were considered. Comparing the 30-day vs 
90-day exposure window results in quite a dramatic shift for 
many antibiotics: Clindamycin went from an odds ratio of 
25.39 (95% CI, 24.11–26.72) to 17.19 (95% CI, 16.58–17.81), ce-
fixime went from 12.04 (95% CI, 8.84–16.38) to 5.01 (95% CI, 
4.03–6.22), and amoxicillin/clavulanate went from 8.53 (95% 
CI, 8.23–8.85) to 5.06 (95% CI, 4.92–5.20). Comparing results 
between studies that rely on different exposure windows (eg, 
30 vs 90 days) may lead to inconsistent findings and inaccurate 
assessments of the relative ranking of risk across antibiotics. 
This may be especially problematic for meta-analyses that in-
corporate studies with differing exposure windows and differ-
ent sets or groupings of antibiotics.

Our study also has important considerations for future ef-
forts to model the risk of CDI. First, our results suggest that 
crude class-based risk models may be too broad to capture dis-
tinctions between antibiotics in a given class. Indeed, we found 
that the variability within some classes in terms of associated 
risk level may exceed the variation between classes. Thus, at-
tempts to define risk models in terms of simple high- vs low- 
risk classes may obscure important and meaningful differences 
within a class. Risk categories may need to ignore antibiotic 
classes and instead focus on individual types of antibiotics. 
Even when considering the distinction between first- vs later- 
generation cephalosporins, individual type must be considered 
as both cefprozil and cefaclor (both later-generation cephalo-
sporins) had risk levels comparable to first-generation cephalo-
sporins. Second, our findings highlight the importance of 
understanding the exposure window both when modeling 
risk and considering potential tradeoffs. Future work is needed 
to further assess the time-since exposure and the associated lev-
el of risk for CDI; some antibiotics may be associated with 
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increased risk for differing periods of time. Similarly, the risk 
for different antibiotics associated with CDI recurrence is an 
important topic that needs further exploration.

Our study also suggests extensions for future work. First, a 
number of antibiotics were accounted for in our model but 
were not reported in our primary results due to a low number 
of exposures (Supplementary Table 2). One notable antibiotic 
worthy of future consideration is the later-generation cephalospo-
rin cefditoren. Preliminary results (Supplementary Table 2) sug-
gest that cefditoren may have a risk level similar to that of 
clindamycin (39.29; 95% CI, 16.58–93.07). However, this estimate 
may be imprecise due to the limited number of cases. Second, our 
study utilized a relatively simple modeling approach (eg, assumed 
additive effects across antibiotics) in order to evaluate risk across 
the widest range of antibiotics while considering different expo-
sure windows. However, more complex modeling approaches 
may also be considered. For example, the duration of antibiotic 
exposure and time since last exposure, along with multiplicative 
interactions or comparisons of combination vs sequential antibi-
otic exposures when patients received multiple antibiotics, may 
also be modeled. Finally, individual risk levels may vary for differ-
ent types of antibiotics across different subpopulations. We found 
only minor changes when the analysis was restricted to adult pa-
tients (Supplementary Figure 7), although the effect for 2 antibi-
otics increased when restricting the analysis to adults. Future 
studies may need to be conducted in specific age groups or other 
important subpopulations for CDI.

Our study has a number of limitations. First, we relied on ad-
ministrative claims data to identify health care visits and diag-
noses of CDI. We did not have lab data or clinic notes to 
conclusively identify CDI or the timing of symptom onset. 
We also could not identify stewardship practices at individual 
institutions that may have changed over the study period. 
Second, we relied on outpatient claims submitted for reim-
bursement to identify antibiotic exposure. Enrollees may 
have had differences in medication coverage, and the compre-
hensiveness of coverage may also have caused some enrollees to 
pay out-of-pocket for medications. Thus, the number of indi-
viduals exposed to antibiotics may be underidentified. 
However, this limitation likely biases effect estimates toward 
the null value, as some exposed patients will be labeled unex-
posed. Finally, we did not have access to antibiotics associated 
with inpatient stays. For this reason, we focused on CA-CDI 
cases and excluded analysis of any patients who were hospital-
ized within 12 weeks before index. Consequently, we were not 
able to analyze the full spectrum of antibiotic risk, in particular, 
the types of antibiotics more likely to be used in inpatient rather 
than outpatient settings. In addition, our results may be less 
generalizable to populations with frequent exposure to long- 
term care or hospital settings. Given that patients over age 65 
represent a disproportionate number of CDI cases, future 

work should be conducted to capture the antibiotic exposures 
represented in long-term care settings.

Despite our limitations, we were able to define precise and 
comparable levels of relative risk for a wide range of antibiotics 
used in outpatient settings. These findings not only help inform 
strategies to reduce risk for CDI based on prescribing, but also 
help inform CDI risk modeling in general. Future risk estimates 
will need to carefully control for exposure windows (ie, the risk 
since starting an antibiotic) when making comparisons across 
antibiotics. Future work should also examine the risk for CDI 
recurrence.
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