1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

WEALTH 4
of P
e

/ HHS Public Access

Author manuscript

j Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2023 April 01.

Published in final edited form as:
Clin Gastroenterol Hepatol. 2022 April ; 20(4): 806-816.e6. doi:10.1016/j.cgh.2020.12.004.

Long-Term Outcomes Following Multiply Recurrent
Clostridioides Difficile Infection and Fecal Microbiota
Transplantation

Ghadeer Dawwas?, Colleen M. Brensinger?, Ravy K. Vajravelul2, Qufei Wul, Colleen R.
Kelly3, Loren Laine?, Gary D Wu2, James D Lewis!2

1.Center for Clinical Epidemiology and Biostatistics, University of Pennsylvania, Philadelphia, PA

2.Division of Gastroenterology and Hepatology, Perelman School of Medicine, University of
Pennsylvania, Philadelphia, PA

3Division of Gastroenterology, Warren Alpert Medical School, Brown University, Providence, RI

4Section of Digestive Diseases, Yale School of Medicine, New Haven, CT and VA Connecticut
Healthcare System, West Haven, CT

Abstract

Background and aims: Fecal microbiota transplantation (FMT) is a commonly used therapy
for multiply recurrent Clostridioides difficile (mrCDI). By altering the gut microbiota, there is
the potential for FMT to impact the risk for cardiometabolic, intestinal or immune-mediated
conditions. Likewise, the microbiota disturbance associated with mrCDI could potentially lead to
these conditions. We aimed to assess the associations of mrCDI and FMT with cardiometabolic,
immune-mediated diseases, and irritable bowel syndrome.

Methods: This retrospective cohort study using a United States commercial claims database
included persons diagnosed with CDI or undergoing FMT. We created two pairwise comparisons:
mrCDI versus non-mrCDI, and non-mrCDI or mrCDI treated with FMT vs. mrCDI without FMT.
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Results: We found no significant association between mrCDI (vs. non-mrCDI) and inflammatory
bowel disease (adjusted hazard ratio (aHR)=1.65; 95% confidence interval, 0.67-4.04), rheumatoid
arthritis (HR=0.86; 0.47-1.56), psoriasis (HR=0.72; 0.23-2.27), diabetes (aHR=0.97; 0.67-1.40),
hypertension (aHR=1.05; 0.76-1.44), myocardial infarction (aHR=0.82; 0.63-1.06), stroke
(aHR=0.83; 0.62-1.12), or irritable bowel syndrome (HR=0.94; 0.61-1.45). Similarly, we found

no association of CDI with FMT (vs. mrCDI without FMT) and diabetes (aHR=0.92; 0.27-3.11),
hypertension (aHR=1.41; 0.64-3.15), stroke (aHR=1.27; 0.69-2.34) or inflammatory bowel
syndrome (aHR=0.80; 0.26-2.46). However, the incidence of myocardial infarction was increased
following FMT (aHR=1.68; 1.01-2.81).

Conclusion: Relative to those with CDI, persons with mrCDI do not appear to be intrinsically at
higher risk of cardiometabolic, immune-mediated diseases, or irritable bowel syndrome.

However, those who underwent FMT for CDI had a higher incidence of myocardial infarction.
Future studies should assess this association to assess reproducibility.
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INTRODUCTION

Clostridioides difficile infection (CDI) is an increasingly common nosocomial and
community-acquired infection.? The incidence of multiply recurrent CDI (mrCDI) has
increased disproportionately to that of CDI that resolves with one or two courses of
antibiotics.! Fecal microbiota transplantation is increasingly used to treat of mrCDI.2 While
extremely efficacious, the long-term safety of FMT is unknown.2

Alterations of the composition of the human gut microbiota, either as a consequence

of disease or secondary to interventions such as FMT, may have significant effects

on cardiometabolic processes, digestive diseases and immune function. Variation in

the composition of the gut microbiota associated with a disease state, “dysbiosis”,

has been reported among patients with obesity,3: 4 diabetes mellitus, cardiovascular
diseases,® inflammatory arthritis,% 7 inflammatory bowel diseases® 9 and irritable bowel
syndrome.10 FMT has shown potential therapeutic benefit in the treatment of some of these
conditions.11-13

To the extent that FMT can improve conditions associated with dysbiosis, there exists

the corollary hypothesis that FMT could induce these same conditions. Moreover, to the
extent that such changes are associated with FMT, it is important to establish whether

the underlying indication for FMT (i.e. CDI) or the FMT procedure is more likely to be
associated with the development of these chronic conditions. We conducted this cohort study
to assess whether mrCDI and FMT are associated with metabolic disorders, cardiovascular
disease, immune-mediated conditions, and irritable bowel syndrome.
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and overall design

We performed two retrospective cohort studies using Optum’s de-identified Clinformatics®
Data Mart Database. The data provide information on inpatient and outpatient diagnoses and
procedure claims, prescription pharmacy claims, demographics, and dates of health plans
enrollment. The first cohort study compared outcomes following mrCDI versus non-mrCDI.
The second cohort study compared outcomes following mrCDI without FMT treatment
versus CDI treated with FMT. These studies used data from May 2000 to June 2019. At the
University of Pennsylvania, studies using Optum’s Clinformatics Database are categorized
as exempt from requiring Institutional Review Board approval.

Inclusion and exclusion criteria

We included persons who had a diagnosis of CDI or procedure for CDI testing and had at
least 12 months of continuous enrollment in medical and pharmacy benefits (i.e., lookback
period) prior to their first CDI diagnosis. International Classification of Diseases (ICD)
diagnosis codes of CDI have been validated previously and were found to have a sensitivity=
78%-81% and specificity= 99%.14 We excluded persons who: 1) had a prescription of
metronidazole, oral vancomycin, or oral fidaxomicin prior to first CDI diagnosis or 2)

had missing values for location of residence, sex, or birth year. For the cohort study
comparing mrCDI versus non-mrCDI, persons with FMT prior to the first CDI diagnosis
were excluded. We excluded those with the outcome of interest or a prescription for a drug
that is used to treat each outcome during the lookback period. For example, the outcome
model for diabetes excluded patients with a prior diabetes diagnosis but included those with
prior diagnoses of the other outcomes of interest. Figure 1 provides additional details of the
creation of the cohorts for studies 1 and 2.

Exposure Ascertainment

A) CDI definition—Persons were considered to have CDI when any of the following
criteria were met: 1) ICD-9-CM and ICD-10-CM code indicative of CDI presenting on
inpatient claims with at least one prescription of CDI antibiotics (i.e., oral or intravenous
metronidazole, oral vancomycin, or oral fidaxomicin) dispensed within 3 days following
hospital discharge; 2) an inpatient claim indicative of CDI with a length of hospital stay

of > 10 days; 3) current procedural terminology (CPT) codes indicative of testing for C.
difficile and at least one prescription of CDI antibiotics dispensed within 10 days following
testing; and 4) ICD-9-CM or ICD-10-CM code for CDI presenting on an outpatient claims
(any position) with at least one prescription of CDI antibiotics dispensed within 10 days
following the date of CDI diagnosis.

B) mrCDI definition—Persons were considered to have mrCDI if they: 1) met any of
the CDI definitions listed above; 2) received a total of 3 courses of CDI antibiotics with
each subsequent course starting at least 14 days and no more than 56 days after the start
of the prior antibiotic course; and 3) received at least one prescription for vancomycin or
fidaxomicin.1 When there were multiple antibiotics prescriptions within 14 days of each
other, to be considered a new course of antibiotics required at least 14 days separating the
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end of one prescription and the start of the next. The date of the initial CDI episode was
considered the date of diagnosis of mrCDI.

C) FMT definition—Persons were considered to have received FMT based on the
presence of CPT codes indicative of FMT (Supplemental Table S1). Persons were also
required to have diagnosis or testing for CDI during the 56 days prior to FMT, but the CDI
diagnosis did not need to meet the administrative claims definition of mrCDI prior to FMT.

For the study comparing mrCDI versus non-mrCDI, follow-up started 140 days (index-date)
after the first diagnosis of CDI that led to the diagnosis of mrCDI for those in the mrCDI
group or the first CDI diagnosis for those with non-mrCDI, respectively. The 140-day
window allows for up to 14 days each for two courses of antibiotics and two 56 day intervals
between courses of antibiotics. Follow-up ended at the earliest occurrence of: 1) an outcome
of interest; 2) FMT; 3) disenrollment; or 4) end of study period.

For the study comparing CDI treated with FMT versus mrCDI without FMT, the index date
was 140 days after the first diagnosis or testing for CDI prior to FMT or 140 days after the
first diagnosis or testing of CDI that led to the diagnosis of mrCDI. FMT was treated as

a unidirectional time-varying exposure such that a person could contribute follow-up time

to the mrCDI group until they underwent FMT. From that point forward, their follow-up
time was contributed to the FMT group. Persons were followed from the index-date until the
occurrence of the first of the following: 1) an outcome of interest; 2) disenrollment; or 3)
end of study period.

Outcomes of Interest

Covariates

The primary study outcomes were a new diagnosis of inflammatory bowel diseases,
rheumatoid arthritis, psoriasis, diabetes, hypertension, myocardial infarction, stroke and
irritable bowel syndrome. A new diagnosis entailed no diagnosis or treatment for the
outcome prior to the index date. Outcomes were based on previously validated algorithms
using ICD-9-CM and ICD-10-CM codes. See supplemental methods for additional details.
List of ICD-9-CM and ICD-10-CM codes and additional lookback period requirements are
listed in the Supplemental Table S2.

We ascertained baseline covariates during the lookback period preceding the first CDI
diagnosis. We included data on demographics (age, sex, census region), diagnosis location
(inpatient, outpatient or nursing home), antibiotics use within 90 days preceding CDI
diagnosis, antibiotics use within 90 days after CDI diagnosis, proton pump inhibitors (PPIs)
use within 90 days preceding CDI diagnosis, PPIs use within 90 days after CDI diagnosis,
corticosteroids use within 90 days preceding CDI diagnosis, corticosteroids use within

90 days after CDI diagnosis, calendar year, Charlson comorbidity score, and measures

of healthcare utilization (e.g., total number of inpatient visits, total number of outpatient
visits). For the myocardial infarction outcome model only, we adjusted for prior history of
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coronary artery bypass graft surgery (CABG), percutaneous coronary intervention (PCI) or
prescription of an antiplatelet drug other than aspirin (e.g. clopidogrel).

Statistical analyses

Results

Separate Cox proportional hazard regression models were developed for each outcome for
non-mrCDI (referent) vs. mrCDI and mrCDI (referent) vs CDI followed by FMT. For each
model, we examined potential confounders one at a time and included in the final models
only those that resulted in a 10% or greater change in the unadjusted hazard ratio (HR).
For the FMT vs. without FMT comparison, we were not able to run the adjusted models
for inflammatory bowel disease, rheumatoid arthritis and psoriasis due the small number of
events (n< 20). Given that FMT was relatively uncommon prior to 2010, we conducted a
sensitivity analysis that limited the cohort to those with an index date of January 1, 2010 or
later.

Cohort characteristics

a) mrCDI versus non-mrCDI—A total of 127,797 persons met the inclusion criteria
for the first cohort study (n= 3,729 for mrCDI and n= 124,068 for non-mrCDI). Depending
on the outcome under study, the range of average follow-up time was 1.99-2.39 years for
the mrCDI group and 2.13-2.47 years for the non-mrCDI group. Compared to persons in
the non-mrCDI groups, those with mrCDI were older (27% vs. 24% were 70- 79 years
old), more likely to be female (65% vs. 61%), and more likely in the 90 days prior to CDI
diagnosis to use antibiotics (64% vs. 54%) or corticosteroids (17% vs. 15%), and to have a
Charlson comorbidity score = 2 (76% vs. 72%) (Table 1).

b) mrCDI without FMT versus CDI treated with FMT—A total of 4,857 persons
met the inclusion criteria for the second cohort study (n= 3,692 for mrCDI without FMT
and n= 1,165 for CDI treated with FMT). In the FMT cohort, 92% of patients had an
insurance claim for CDI diagnosis in the 56 days prior to FMT and the remainder had CDI
testing but did not have an ICD-9-CM or ICD-10-CM code for CDI diagnosis. Depending
on the outcome under study, the range of average follow-up time was 1.96-2.34 years for
the mrCDI group and 1.59-1.80 years for the CDI treated with FMT group. Compared to the
mrCDI group, those with CDI treated with FMT were slightly younger (11% vs. 13% were
50- 59 years), and less likely within the 90 days prior to CDI diagnosis to use antibiotics
(29% vs. 64%), PPIs (16% vs. 22%), and corticosteroids (14% vs. 17%). However, those
with CDI treated with FMT were more likely to have a Charlson comorbidity score = 2
(83% vs. 76%) (Table 2).

Relative risk of inflammatory bowel disease, rheumatoid arthritis and psoriasis with
mrCDI and FMT: Among patients with mrCDI and non-mrCDI, respectively, the incidence
rate per 1000py (IR) and 95% confidence interval (Cl) for inflammatory bowel disease

was 0.7 (0.2-1.6) vs. 0.5 (0.4-0.6), for rheumatoid arthritis 1.4 (0.7-2.6) vs. 1.7 (1.5-1.8)

and for psoriasis 0.8 (0.2- 2.2) vs. 1.0 (0.9-1.2) (Supplemental Table 3). After adjustment,
we did not identify an association between mrCDI (vs. non-mrCDI) and inflammatory
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bowel disease (adjusted hazard ratio (aHR), 1.65 (0.67-4.04), rheumatoid arthritis (HR, 0.86;
0.47-1.56), or psoriasis (HR, 0.72; 0.23- 2.27) (Table 3).

Among patients with CDI treated with FMT and mrCDI without FMT, respectively, the

IR (per 1000py) for inflammatory bowel disease was 1.3 (0.2- 4.7) vs. 0.7 (0.2-1.6),
rheumatoid arthritis 2.8 (0.9- 6.6) vs. 1.4 (0.7-2.6), and psoriasis 2.0 (0.2-7.2) vs. 0.8 (0.2-
2.2) (Supplemental Table 4). Unadjusted and adjusted HRs are summarized in Table 4. We
did not identify associations between FMT and these outcomes.

Relative risk of diabetes and cardiovascular diseases with mrCDI and FMT: Among
patients with mrCDI and non-mrCDI, respectively, the IR (per 1000py) of diabetes mellitus
was 5.2 (3.5-7.5) vs. 5.9 (5.6-6.2), hypertension 22.1 (15.6-30.3) vs. 17.4 (16.5-18.4),
myocardial infarction 7.5 (5.7-9.7) vs. 7.9 (7.6- 8.2), and stroke 6.3 (4.5-8.4) vs. 6.4
(6.1-6.7) (Supplemental Table 3). After adjustment, we found no association between
mrCDI (vs. non-mrCDI) and diabetes (aHR, 0.97; 0.67-1.40), hypertension (aHR, 1.05;
0.76-1.44), myocardial infarction (aHR, 0.82; 0.63-1.06) or stroke (aHR, 0.83; 0.62- 1.12)
(Table 3).

Among patients with CDI treated with FMT and mrCDI without FMT, respectively,

the IR (per 1000py) of diabetes was 2.3 (0.5-6.6) vs. 5.5 (3.7-7.8), hypertension 23.3
(10.6-44.2) vs. 21.9 (15.4-30.2), myocardial infarction 13.3 (8.5-19.7) vs. 7.6 (5.8-9.8) and
stroke 9.0 (5.0-14.9) vs. 6.3 (4.6-8.4) (Supplemental Table 4). After adjustment, there was
no association between FMT (vs. without FMT) and diabetes (aHR, 0.92; 0.27- 3.11),
hypertension (aHR, 1.41; 0.64-3.15), or stroke (aHR, 1.27; 0.69-2.34). A possible increased
incidence of myocardial infarction was seen among persons receiving FMT when compared
with those with mrCDI who did not undergo FMT (aHR, 1.68; 1.01-2.81) (Table 4). The
median time (interquartile range) from FMT to myocardial infarction was 585.5 (276.5 —
1127) days. The shortest time from FMT to myocardial infarction was 146 days, thus none
occurred in close proximity to the FMT procedure.

Relative risk of irritable bowel syndrome with mrCDI and FMT: The IRs (per 1000py)
for irritable bowel syndrome were 3.9 (2.4-5.9) vs. 4.1 (3.8-4.4) for mrCDI and non-
mrCDI, respectively (Supplemental Table 3). The unadjusted HR was 0.94 (0.61-1.45). No
covariates were identified as confounders of the association between mrCDI and irritable
bowel syndrome (Table 3).

The IRs (per 1000py) for irritable bowel syndrome were 4.0 (1.1-10.2) vs. 3.8 (2.3-5.7) for
mrCDI with FMT and without FMT, respectively (Supplemental Table 4). After adjustment,
we found no association between FMT (vs. without FMT) and irritable bowel syndrome
(aHR, 0.80; 0.26-2.46) (Table 4).

Sensitivity analysis limited to the period beginning on January 1, 2010

The sensitivity analyses included 2,690 with mrCDI vs. 86,733 with non-mrCDI and 1,119
with FMT vs. 2,633 without FMT. The results were similar to the primary analyses. See
Supplemental Tables 5 for all results of the sensitivity analyses.
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Discussion

While antibiotics are effective in many patients with CDI, the rising incidence of mrCDI
has led to the need for novel therapeutic strategies. FMT has become a standard therapeutic
approach for patients with mrCDI and has been demonstrated to be highly efficacious in
randomized controlled trials.1> Given the link between the gut microbiota and multiple
health conditions, there is the theoretical potential for alteration of the gut microbiota via
FMT to influence the risk for cardiometabolic, immune-mediated or other adverse events. In
this large cohort study, we demonstrated no increased risk of a variety of immune-mediated
diseases, irritable bowel syndrome, diabetes, hypertension, stroke or myocardial infarction
among patients with mrCDI compared to those with simple CDI that required only one

or two courses of antibiotics. Similarly, no increased incidence of rheumatoid arthritis,
inflammatory bowel disease, irritable bowel syndrome, hypertension, diabetes mellitus, or
stroke was observed among patients receiving FMT. However, there was a possible small
increased incidence of acute myocardial infarction following FMT (aHR, 1.68; 1.01-2.81).

Although FMT has appeared generally safe in clinical trials, 1 larger observational studies
are required to assess the relative risk of serious adverse events that are less common and/or
require a long duration after FMT to occur. This cohort study included more than 1000
FMT recipients and more than 3000 patients with mrCDI with average follow-up time of
approximately 2 years, which is substantially larger than any prior clinical trial or even
pooled analyses of clinical trials of FMT for mrCDI.15 Despite this, we may still have
been underpowered to exclude some of the associations explored in this study. Perhaps

by chance or perhaps reflecting insufficient statistical power, in the analysis of FMT vs.
mrCDI, the hazard ratio for most of the outcomes assessed was greater than 1, but with
confidence intervals crossing unity. The exceptions were diabetes mellitus and irritable
bowel syndrome, both being conditions where some randomized controlled trials of FMT
have shown a benefit.12: 16

A theoretical increased risk of myocardial infarction among patients who received FMT
could be due to alteration of the gut microbiota. Trimethylamine (TMA) is derived

from food by the gut microbiota. After absorption, it is converted to trimethylamine-N-
oxide (TMAO).7 Higher plasma levels of TMAQ are associated with an increased risk

of cardiovascular disease.1® Alternatively, most FMT in the U.S. is administered via
colonoscopy, a procedure with known risks of inducing cardiac ischemia or arrhythmias.1®
Notably, the minimum time from FMT to myocardial infarction was 146 days, suggesting
that colonoscopy was unlikely to contribute to the observed HR in this study.

The primary indication for FMT is mrCDI. If patients with mrCDI were intrinsically at
increased risk for the outcomes of interest (i.e., confounding by indication), the results of
the comparisons between those undergoing FMT and those with mrCDI without FMT could
be biased. We minimized this risk by assuring that all FMT patients had a diagnosis of

CDI (92%) or testing for CDI (8%) prior the procedure. However, we did not require that
the full mrCDI administrative definition be met prior to FMT since nearly all FMT in the
United States is for CDI. To assess whether confounding by indication was likely, we also
compared the incidence of the outcomes of interest among patients with non-mrCDI and
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mrCDI. Notably, no associations were observed suggesting that confounding by indication is
unlikely to explain the observed results for FMT. The major strengths of this study include
the largest sample size to date to study the safety of FMT, the heterogeneous population
included in the study and the analyses to assess for confounding by indication. The cohort
had relatively long follow-up time after CDI and FMT. However, it is possible that for
some of the outcomes even longer follow-up time may be needed to see an association with
mrCDI or CDI treated with FMT. One limitation is the potential for residual confounding
by unmeasured variables, including features of the donors. We lacked data on smoking and
obesity that are associated with several of our outcomes under study. The incidence of CDI
appears to be independent of obesity,29-22 but potentially linked to smoking.23 24 In one
cohort study, current and former smokers were less likely to be cured within 14 days, but
did not have a higher rate of 30-day readmission, CDI recurrence, death before treatment
completion, or CDI severity 48-hours after diagnosis.2> Thus, it seems relatively unlikely
that obesity or smoking are strong confounders of the associations examined in this study.
We were also limited in our ability to adjust for confounders due to small numbers of
events so we individually tested for variables that could be confounders based on change

in the hazard ratio by 10% or more in adjusted models. Fortunately, few variables met this
criterion. Another potential limitation is the reliability of the diagnosis and procedure codes
to identify mrCDI, FMT and the outcomes of interest. Medication exposure misclassification
is possible as data in the current study reflect dispensed medications but it is unknown if the
patient took the medication. We added additional restrictions (e.g. requirement of initiation
of CDI antibiotics) to minimize the potential of misclassifying CDI events. Given the lack
of a validated algorithm of mrCDI, we developed our own algorithm. This case definition
was derived from a prior study in Veterans which suggested that the mean relapse time
between an incident and mrCDI is 14 and not more than 43-60 days.26 Where possible,

we used validated algorithms to identify the outcomes of interest. Any misclassification

of the outcomes was likely non-differential and as such would result in bias toward the

null. As such, it is possible that we have under-estimated the association of FMT with
some of the outcomes of interest. We are not aware of a validated algorithm for FMT.

We relied on billing codes to identify FMT but it is possible that our algorithm has less
than 100% sensitivity. To the extent that patients in the mrCDI group received FMT that
was not captured by our algorithm, this would likely bias the results toward the null,

again suggesting that we could have underestimated true associations. Finally, the risk of
complications following FMT could be related to characteristics of the donor, such as age,
gender, or comorbidities, but we have no data on donors.

In conclusion, we have demonstrated that patients with mrCDI or CDI treated with FMT

do not appear to be intrinsically at higher risk of immune-mediated diseases, hypertension,
diabetes mellitus, myocardial infarction, stroke or irritable bowel syndrome. Future studies
should assess the potential association of FMT with myocardial infarction in other large
data sets, particularly those with access to data not routinely available in insurance claims
data. If confirmed, subsequent studies examining changes in the gut microbiota and the host
metabolome could be informative to understand the mechanisms behind the association.
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Background

Fecal microbiota transplantation is a commonly used therapy for multiply recurrent
Clostridioides difficile. By altering the gut microbiome, there is the potential for fecal
microbiota transplantation to impact the risk for cardiometabolic, intestinal or immune-
mediated conditions.

Findings

The subsequent incidence of cardiometabolic, intestinal or immune-mediated conditions
did not differ between patients with multiply recurrent Clostridioides difficile and those
with Clostridioides difficile treated with one or two courses of antibiotics or between
patients with multiply recurrent Clostridioides difficile and those with Clostridioides
difficile treated with fecal microbiota transplantation. The one exception was an

increased incidence of myocardial infarction in patients with Clostridioides difficile
treated with fecal microbiota transplantation as compared to those with multiply recurrent
Clostridioides difficile treated with antibiotics alone.

Implications for patient care

These results support the long term safety of fecal microbiota transplantation for
multiply recurrent Clostridioides difficile with the possible exception of a small increased
incidence of myocardial infarction. This finding requires validation in additional studies.
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Figure 1.
Cohorts included in study 1 and study 2
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Demographics and clinical characteristics in the non-multiply recurrent Clostridioides difficile (non-mrCDI)

vs. mrCDI group

Characteristic, % Non-mrCDI  mrCDI P-value
(N=124,068) (N=3,729)
Age group
<10 15 0.5 <.0001
10-19 24 1.6 <.0001
20-29 4.0 2.9 <.0001
30-39 7.0 5.0 <.0001
40-49 10.3 7.2 <.0001
50-59 15.2 13.4 <.0001
60-69 18.2 18.3 <.0001
70-79 23.6 27.3 0.0007
80+ 17.6 23.9
Female 61.2 65.0 <.0001
Census level Division based on US State
EAST NORTH CENTRAL 15.2 18.2 0.8686
EAST SOUTH CENTRAL 3.9 2.7 <.0001
MIDDLE ATLANTIC 6.5 6.6 0.042
MOUNTAIN 9.7 11.3 0.7914
NEW ENGLAND 4.2 5.8 0.0737
PACIFIC 10.7 12.7
SOUTH ATLANTIC 25.7 20.2 <.0001
WEST NORTH CENTRAL 12.2 15.6 0.2474
WEST SOUTH CENTRAL 11.9 7.1 <.0001
Diagnosis location
Inpatient 40.7 36.7
Outpatient 56.4 58.1 0.0001
Nursing home 29 5.2 <.0001
First antibiotic used to treat CDI
Fidaxomicin 0.3 1.0 <.0001
Metronidazole 92.1 73.0
Vancomycin 7.6 26.0 <.0001
Antibiotic use within 90 days prior to CDI diagnosis 54.1 63.6 <.0001
Antibiotic use within 90 days after to CDI diagnosis 41.7 39.9 0.029
PPI use within 90 days prior to CDI diagnosis 21.0 21.4 0.5423
PPI use within 90 days after to CDI diagnosis 23.3 24.2 0.2096
Corticosteroid use within 90 days prior to CDI diagnosis  14.6 16.9 0.0001
Corticosteroid use within 90 days after to CDI diagnosis ~ 13.7 14.3 0.2409
Antiplatelet Rx during baseline 8.3 7.1 0.0079
CABG/PCI during baseline 4.1 3.7 0.1332

Charlson score
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Characteristic, % Non-mrCDI  mrCDI P-value
(N=124,068) (N=3,729)
0 23.1 19.1
1 4.8 5.0 0.007
2+ 72.1 75.9 <.0001
Calendar Year (per 1-year increase)
2001 11 1.0 <.0001
2002 2.2 13
2003 24 15
2004 2.6 2.0
2005 3.2 2.3
2006 3.9 4.2
2007 4.3 4.6
2008 5.1 5.7
2009 53 53
2010 5.7 53
2011 6.3 5.9
2012 6.9 7.2
2013 7.1 6.6
2014 6.7 5.9
2015 7.6 7.6
2016 8.3 8.2
2017 9.7 114
2018 10.4 12.3
2019 11 18
Prevalent diseases /
Inflammatory bowel disease 12.6 14.6 0.0002
Rheumatoid arthritis 11.4 11.4 0.8994
Psoriasis 43.6 46.4 0.0009
Diabetes mellitus 36.8 35.6 0.1214
Hypertension 75.1 79.8 <.0001
Myocardial infarction 10.7 12.0 0.0132
Stroke 18.0 19.9 0.0038
Inflammatory bowel syndrome 30.0 30.6 0.4241
CVD during baseline 30.8 27.1 <.0001
Baseline healthcare utilization, mean
# Inpatient visits during baseline 2.0 1.6 <.0001
# Inpatient visits during baseline collapsed 13 11 <.0001
# Outpatient visits during baseline 28.6 25.8 <.0001
# Ambulatory care visits during baseline 24.2 21.8 <.0001

Coronary artery bypass grafting, CABG, Clostridium difficile, CDI, confidence interval, CI, multiply recurrent Clostridium difficile, cardiovascular
disease, CVD, mrCDI, non-multiply recurrent Clostridium difficile, non-mrCDI, odds ratio, OR, percutaneous coronary intervention, PCI, proton

pump inhibitors, PPI

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2023 April 01.



1duosnuepy Joyiny 1duosnue Joyiny 1duosnuepy Joyiny

1duosnue Joyiny

Dawwas et al.

1 .
those persons were excluded from each corresponding outcome model
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Demographics and clinical characteristics in the multiply recurrent Clostridioides difficile (mrCDI) group

without fecal microbiota transplantation (FMT) vs. CDI treated with FMT

Characteristic, % Without With FMT  P-value
FMT (N=1,165)
(N=3,692)
Age group
<10 0.5 1.0 0.0836
10-19 1.6 1.6 0.648
20-29 29 3.1 0.7278
30-39 4.9 4.7 0.2762
40-49 7.3 6.8 0.1258
50-59 13.4 11.0 0.0036
60-69 18.3 17.1 0.0408
70-79 27.4 27.3 0.1028
80+ 23.7 27.4
Female 64.7 64.0 0.6747
Census level Division based on US State
East North Central 18.1 23.0 <.0001
East South Central 2.7 3.4 0.0154
Middle Atlantic 6.6 6.7 0.103
Mountain 11.0 13.9 0.0004
New England 5.9 4.8 0.7157
Pacific 12.7 9.8
South Atlantic 20.6 16.3 0.8193
West North Central 15.4 14.8 0.1027
West South Central 7.1 7.3 0.074
Diagnosis location
Inpatient 36.8 15.5
Outpatient 57.9 76.5 <.0001
Nursing home 53 0.2 0.0003
First antibiotic used to treat CDI
Fidaxomicin 11 25 0.0019
Metronidazole 72.8 75.0
Vancomycin 26.1 225 0.0428
Antibiotic use within 90 days prior to CDI diagnosis 63.5 29.0 <.0001
Antibiotic use within 90 days after to CDI diagnosis 40.2 19.2 <.0001
PPI use within 90 days prior to CDI diagnosis 21.7 15.8 <.0001
PPI use within 90 days after to CDI diagnosis 245 15.7 <.0001
Corticosteroid use within 90 days prior to CDI diagnosis ~ 16.8 14.3 0.0474
Corticosteroid use within 90 days after to CDI diagnosis ~ 14.4 13.9 0.6871
Antiplatelet Rx during baseline 6.1 8.4 0.0121
CABG/PCI during baseline 52 43 0.1581
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Characteristic, % Without With FMT  P-value
FMT (N=1,165)
(N=3,692)
Charlson score
0 19.0 13.2
1 4.8 3.4 0.9028
2+ 76.2 83.3 <.0001
Calendar Year (per 1-year increase)
2001 1.0 0.3 <.0001
2002 14 0.7
2003 1.6 0.5
2004 2.1 0.2
2005 24 0.3
2006 4.3 0.3
2007 4.7 0.6
2008 6.0 0.4
2009 5.4 0.5
2010 55 0.4
2011 5.9 0.7
2012 7.3 24
2013 6.5 6.2
2014 59 7.6
2015 7.6 14.2
2016 7.8 185
2017 111 20.3
2018 12.0 22.6
2019 1.8 3.3
Prevalent diseases /
Inflammatory bowel disease 14.7 24.4 <.0001
Rheumatoid arthritis 11.2 15.4 0.0002
Psoriasis 46.3 46.0 0.8797
Diabetes mellitus 35.9 33.8 0.198
Hypertension 80.0 80.9 0.4855
Myocardial infarction 12.3 115 0.4835
Stroke 20.1 19.8 0.8262
Inflammatory bowel syndrome 30.6 47.0 <.0001
CVD during baseline 355 31.0 0.0050
Baseline healthcare utilization, mean
# Inpatient visits during baseline 35 2.0 <.0001
# Inpatient visits during baseline collapsed 2.2 13 <.0001
# Outpatient visits during baseline 40.6 29.0 <.0001
# Ambulatory care visits during baseline 34.2 24.4 <.0001

Coronary artery bypass grafting, CABG, Clostridium difficile, CDI, confidence interval, Cl, cardiovascular disease, CVD, fecal microbiota
transplantation, FMT, odds ratio, OR, percutaneous coronary intervention, PCI, proton pump inhibitors, PPI
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those persons were excluded from each corresponding outcome model

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2023 April 01.

Page 18



Page 19

90T 2 Aq o1es paezey sy pabueyd SeyeLIBA0D 8U) JO SUOU Se apewW sem paisnipe Jsyuny o:b

H ‘ones prezey ‘1D ‘|eAI8IUl 8OUSPLIUOD

Dawwas et al.

Author Manuscript

a10u 10 90T A YH pabueyd sajerenod ou b4 (S7°1-19°0) ¥6°0 3WOJPUAS [aMOq 3|qelLL |
afe  (21'7-29°0) €80 (2€'1-€2'0) 860 aons
8be  (90'7-€90) 280 (€2T-¥L°0) 60 UoNJRIUI [BIPIEIOAIN
abe  (yv'7-9.0)S0T  (¥L'T-16'0) 92T uolsusHadAH

Jeak Jepuajed

(07'1-29°0) L6°0

(LZ'1-19°0) 88°0

S| jaw sajeqelq

a10W 40 %0T Aq YH pabueyd salerienod ou b/ (Lz'T€z0) 20 SISelosd
810w J0 90T Aq ¥H pabueyd sajelienod ou Vi (95°T-2%°0) 98°0 SIyLe projewnayy
afe  (10¥-29'0)S9'T  (Gr'€-85°0) TH'T  asessip [amoq Alojewuwepul

sa|qelsen paisi| ayl 1o4 parsnipe [apo (1D %56) (12 %56) awoaINQO

sdnoub |@DJw-uou "SA |@DJw 8yl ul 8W0IN0 Yoes Jo sarewsa paisnlpe pue paisnlpeun

‘€ 9lqeL

Author Manuscript

dH pasnlpy

dH paisnlpeun

Author Manuscript

Author Manuscript

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2023 April 01.



Page 20

Dawwas et al.

uond3jul BIPIYIP O 1ad

JUSA JO JaGUNU [[BWS BY3 0) 8NP Pare|ndfed Sz\\

HH ‘onel prezey ‘[D ‘[eAIsIUl 80USPLUOD

SHSIA aled Alorejnquie
10 Jaquinu ‘suoissiwipe jusiedul Jo Jaquinu ‘2102s Uos|IeyD ‘Islye sAep 06 asn dnolgnue ‘ 8104aq sAep 06 asn anoignue ‘abe

suoissiwpe juairedul o Jaquinu ‘sisoufelp 1@ uanedul ‘abe
suolssiwpe juaiedul J0 Jaquinu ‘8109s uos|reyD ‘sisoubelp | waiedul
J1eak Jepuajed ‘8109s Uos|IeYyD ‘Ialje SAep 06 asn d110IgIIUe ‘ 810J3q SABP 06 8Sh dn0IqIIUEe

suoissiwpe anedur Jo Jaquinu ‘Jesk Jepusies ‘sisoubelp 1D uaiedul

(89'¢-L20) 580
(96'1-09'0) SO'T
(18'2-70T) 89T
(ST'E-v9°0) TV'T
(T£'2-€2°0) 8.0

/i

]

]

(€8'2-€£'0) 960
(62'2-020) L2'T
(88'2-0T'T)8LT
(¥2'2-250) 80°T
(0e'1-21°0) 6€°0
(€0'ST-17°0) B2
(05'9-62'0) 02'2
(L2'8-1€°0) 09'T

3WOIPUAS [amoq a]qeli]
013

uonoJeUl [RIPJRI0AIN
uoisuauadAH

snyjew salaqeiq
sIseliosd

SILYMe piojewnayy

8seasIp [9Moq Alorewiweyul

So|qfeLIBA PaIsI] dU 10} PalsnIpe [9pOIA

(10 %56)
dH paisnipy

(10 9%56)
dH paisnlpeun

awoalno

LA INOYUM [@DIW "SA 1 N YIIM paread) |dD Ul 8090 yaes Jo sajewnss paisnipe pue paisnipeun

‘v alqeL

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2023 April 01.



	Abstract
	INTRODUCTION
	METHODS
	Data source and overall design
	Inclusion and exclusion criteria
	Exposure Ascertainment
	CDI definition
	mrCDI definition
	FMT definition

	Follow-up
	Outcomes of Interest
	Covariates
	Statistical analyses

	Results
	Cohort characteristics
	mrCDI versus non-mrCDI
	mrCDI without FMT versus CDI treated with FMT
	Relative risk of inflammatory bowel disease, rheumatoid arthritis and psoriasis with mrCDI and FMT
	Relative risk of diabetes and cardiovascular diseases with mrCDI and FMT
	Relative risk of irritable bowel syndrome with mrCDI and FMT


	Sensitivity analysis limited to the period beginning on January 1, 2010

	Discussion
	References
	Figure 1.
	Table 1.
	Table 2.
	Table 3.
	Table 4.

