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HIGLIGHTS

What is already known:

e The rate and severity of
Clostridioides difficile infection (CDI)
has increased throughout North
America, the United Kingdom, and
Europe.

e Scattered evidence about
the association of CDI with
antidepressant medications use
exists in the literature so far.

What are the new findings:

e The risk of Clostridioides difficile
infection is higher in patients who
are on mirtazapine, nortriptyline, or
trazodone.

e The prevalence rate of Clostridioides
difficile infection in patients
who were using antidepressant
medications and the ones who did
not, increased with age.
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ABSTRACT — Background — During the past decade, Clostridioides difficile

infection (CDD has become the most common cause of antibiotic-asso-
ciated diarrhea. Several risk factors have been implicated. Scattered evi-
dence about the association of CDI with antidepressant medications use
exists in the literature so far. Therefore, we aim to investigate whether the
risk of developing CDI is increased in hospitalized patients using antide-
pressant medications. Methods — Patients who were hospitalized were
included in our cohort. We excluded individuals aged less than 18 years.
A multivariate regression analysis was performed to calculate the risk of
CDI accounting for potential confounders. Results — The risk of CDI in
hospitalized patients was increased in individuals diagnosed with inflam-
matory bowel disease (OR: 4.44; 95%CI: 4.35-4.52), and in patients using
clindamycin (OR: 1.55; 95%CI: 1.53-1.57), beta-lactam antibiotics (OR:
1.62; 95%CI: 1.60-1.64), PPI (OR: 3.27; 95%CI: 3.23-3.30), trazodone (OR:
1.31; 95%CI: 1.29-1.33), nortriptyline (OR: 1.25; 95%CI: 1.21-1.28), and
mirtazapine (OR: 2.50; 95%CI: 2.46-2.54). After controlling for covariates,
the risk of CDI was not increased in patients who were taking fluoxetine
(OR: 0.94; 95%CI: 0.92-0.96). Conclusion — In contrary to fluoxetine;
mirtazapine, nortriptyline, and trazodone were associated with increased

risk of CDI in hospitalized patients.

Keywords — Antidepressant medications, Clostridioides difficile, Clostridioides
difficile infection.
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INTRODUCTION

Clostridioides difficile was formerly classified wi-
thin the Clostridiodes genus. Recent investigations
have revealed that it belongs to the Peptoclostridium
genus. Nevertheless, in order to circumvent confu-
sion in the medical field and reduce associated eco-
nomic costs, the scientific community reached a con-
sensus to introduce a novel genus that commences
with the letter C. Subsequently, Clostridiodes difficile
has been renamed as Clostridioides difficild?. Du-
ring the past decade, Clostridioides difficile has beco-
me the most common cause of antibiotic-associated
diarrhea®?®. The rate and severity of Clostridioides
difficile infection (CDI) has increased throughout
North America, the United Kingdom, and Europe.
Thus, investigations into factors accounting for its
increasing prevalence and adverse outcome has ri-
sen®. Clostridioides difficile is an anaerobic, spore-
-forming bacillus that produces an enterotoxin (toxin
A) and a cytotoxin (toxin B)®. Although CDI is main-
ly localized to the colon manifesting as diarrhea and
pseudomembranous colitis, it may progress to toxic
megacolon, sepsis, and death®®.

Several risk factors have been implicated in CDI
including advanced age, co-morbidities, use of anti-
biotics, proton pump inhibitors (PPIs), histamine-2
receptor antagonist (H2RA), exposure to healthcare
settings, obesity, non-steroidal anti-inflammatory
drugs (NSAID), vitamin D, and role of host gene-
tics”. Scattered evidence about the association of
CDI with antidepressant medications use exists in the
literature so far®®. Knowing that the use of antide-
pressant medications increases with age® and that its
prescription has dramatically increased over past de-
cades?, studying the side effects and adverse events
associated with it is very valuable and clinically re-
levant. Therefore, we aim to investigate whether the
risk of developing hospital-acquired CDI is increased
in patients using antidepressant medications.

METHODS

Database

Explorys Inc., Cleveland, OH, USA is a valida-
ted multicenter and research platform database of
more than 360 hospitals from 26 different healthcare
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systems across the United States consisting of data
accumulated from 1999 to September 2022. It was
developed and has been prospectively maintained
by IBM Corporation, Watson Health®” including
electronic health record (EHR) from greater than 60
million unique patients and provide a broad regio-
nal distribution of the United States representing ap-
proximately 15% of the population. It was utilized
to construct a retrospective cohort analysis. A Sys-
tematized Nomenclature of Medicine-Clinical Terms
(SNOMED-CT) hierarchy™” was used to select diag-
noses, findings, and procedures. Prescription drug
orders are mapped into SNOMED and RxNorm“?,
Institutional Review Board (IRB) was not required
as source data are de-identified. To protect patient
confidentiality, Explorys rounds population counts
to the nearest 10 and treats all counts between zero
and 10 as equivalent. The study was conducted in
accordance to the Declaration of Helsinki (as revised
in 2013). Access to the database is granted to parti-
cipating healthcare systems. Use of the Explorys pla-
tform has been validated in multiple fields including
gastroenterology31?.

Patient selection

Patients who were hospitalized were included in
our cohort. We excluded individuals aged less than
18 years. A subgroup of patients who were diagno-
sed with CDI as in-patient was later selected and
used in the analysis. The control group was identi-
fied as patients who did not have a diagnosis of CDI.

Statistical analysis

Patients who developed CDI were compared
to those who did not. The 1-year incidence of CDI
was calculated and compared between patients who
were on antidepressants versus the ones who were
not. The prevalence rate of CDI in patients on antide-
pressants was calculated among different age groups,
and it was compared to the prevalence rate of infec-
tion in patients who were not on antidepressant me-
dications. The prevalence rate of the different types
of selective serotonin reuptake inhibitor (SSRI) was
calculated. Based on the most prevalent SSRI obtai-
ned, and on the evidence present in the literature®>,
we selected the type of SSRI to be further studied in
our regression analysis. A univariate regression mo-
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del was used to calculate the risk of CDI. A multiva-
riate regression analysis was performed to account
for potential confounders including use of antibiotic
medications (clindamycin and beta-lactam), use of
antidepressant medications (trazodone, nortriptyline,
fluoxetine, and mirtazapine), use of proton pump
inhibitor, and a diagnosis of inflammatory bowel
disease. A two-sided P value <0.05 was considered
as statistically significant, and all statistical analyses
were performed using R version 4.0.2 (R Foundation
for Statistical Computing, Vienna, Austria, 2008).

RESULTS

Descriptive epidemiology

A total of 81,054,370 patients were screened and
55,604,420 were selected after accounting for inclu-
sion and exclusion criteria. The baseline characteris-
tics of our cohort are displayed in TABLE 1. The 1
year incidence of difficile infection in patients who
were not on antidepressant medications was 580
per 10 Clostridioides 0,000 individuals (0.58%). The

1-year incidence of CDI in patients who were on an-
tidepressant medications was 770 per 100,000 indivi-
duals (0.77%). The prevalence rate of CDI in patients
who were using antidepressant medications and the
ones who did not, increased with age (FIGURE 1).
The prevalence rate of the different types of SSRI
was calculated. Sertraline (27%), Citalopram (22%),
Escitalopram (22%), and fluoxetine (18%) were the
most prevalent SSRI in the U.S population (FIGURE
2). Based on the evidence present in the literature®>
and on the most prevalent types of SSRI obtained in
this study, we selected fluoxetine to be further stu-
died in our regression analysis.

Female gender (65.12%), Caucasian race (77.15%),
type 2 diabetes mellitus (21.12%), IBD (6.11%), IBS
(11.08%), smoking (10.89%), and alcohol use (1.84%)
were more common in patients with a diagnosis of
CDI. The use of clindamycin (13.64%), beta-lactam
(49.50%), PPI (46.05%), trazodone (9.56%), nortrip-
tyline (2.05%), fluoxetine (5.68%), and mirtazapine
(5.10%) was higher patients diagnosed with Clostri-
dioides difficile as well.

TABLE 1. Baseline characteristics of patients with Clostridioides difficile infection and control.

Male
Sex
Female
Caucasian
African American
Race
Hispanic
Asian
Type 2 Diabetes Mellitus
Comorbidities IBD
IBS
Smoking

Alcohol

Substance abuse

Clindamycin
Beta-lactam
PPI
Medication use Trazodone
Nortriptyline
Fluoxetine

Mirtazapine

CDI (%) Control (%)
n=48,720 n=55,615,700
16,970 (34.83) 25,363,040 (42.00)
31,730 (65.12) 29,760,300 (53.51)
37,590 (77.15) 27,624,680 (49.67)

3,950 (8.10) 5,076,330 (9.12)
250 (0.51) 685,770 (1.23)
290 (0.59) 834,450 (1.50)

10,290 (21.12) 2,927,530 (5.26)

2,980 (6.11) 159,650 (0.28)

5,400 (11.08) 572,850 (1.03)

5,310 (10.89) 2,312,760 (4.15)
900 (1.84) 192,310 (0.34)

6,650 (13.64) 1,212,610 (2.18)

24,120 (49.50) 7,485,600 (13.45)
22,440 (46.05) 4,125,750 (7.41)

4,660 (9.56) 773,480 (1.39)

1,000 (2.05) 132,380 (0.23)

2,770 (5.68) 673,340 (1.21)

2,530 (5.19) 212,190 (0.38)

CDI: Clostridioides difficile infection; 1BD: inflammatory bowel disease; IBS: irritable bowel syndrome; PPI: proton pump inhibitor.
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FIGURE 1. Prevalence rate of Clostridioides difficile infection among
different age groups.
CDI: Clostridioides difficile infection.
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FIGURE 2. Prevalence rate of Selective serotonin reuptake inhibitor
(SSRI) subtypes in the U.S adult population.

Risk and predictors of CDI using a univariate
regression analysis

The risk of being diagnosed with CDI in hospita-
lized patients was increased in inflammatory bowel
disease (IBD) patients (OR: 7.38; 95%CI: 7.25-7.52).
It was also higher in patients using clindamycin
(OR: 2.80; 95%CI: 2.77-2.84), beta-lactam antibiotics
(OR: 3.21; 95%CI: 3.18-3.24), PPI OR: 4.95; 95%CI:
4.89-4.99), trazodone (OR: 2.70; 95%CI: 2.75-2.82),
nortriptyline (OR: 3.02; 95%CI: 2.93-3.11), fluoxetine
(OR: 1.90; 95%CI: 1.86-1.94), and mirtazapine (OR:
5.23; 95%CIL: 5.15-5.31) (TABLE 2).

Risk and predictors of CDI using a multivariate
regression analysis

In order to adjust for confounding variables, a
multivariate regression analysis was performed. The
risk of CDI in hospitalized patients was increased
in individuals diagnosed with IBD (OR: 4.44; 95%CI:
4.35-4.52), and in patients using clindamycin (OR:
1.55; 95%CI: 1.53-1.57), beta-lactam antibiotics (OR:
1.62; 95%CI: 1.60-1.64), PPI (OR: 3.27; 95%CI: 3.23—
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TABLE 2. Risk of developing Clostridioides difficile infection using
univariate regression analysis model.

CDI

OR (95%Cl) P-value
Clindamycin 2.80 (2.77-2.84) <0.001
Beta-lactam 3.21(8.18-3.24) <0.001
IBD 7.38 (7.25-7.52) <0.001
PPI 4.94 (4.89-4.99) <0.001
Trazodone 2.79 (2.75-2.82) <0.001
Nortriptyline 3.02 (2.93-3.11) <0.001
Fluoxetine 1.90 (1.86-1.94) <0.001
Mirtazapine 5.23 (56.15-5.31) <0.001

CDI: Clostridioides difficile infection; Cl:confidence interval; IBD:
inflammatory bowel disease; OR: odd ratio; PPI: proton pump inhibitor.

3.30), trazodone (OR: 1.31; 95%CI: 1.29-1.33), nor-
triptyline (OR: 1.25; 95%CI: 1.21-1.28), and mirtaza-
pine (OR: 2.50; 95%CI: 2.46-2.54). After controlling
for covariates, the risk of CDI was not increased in
patients who were using fluoxetine (OR: 0.94; 95%CI:
0.92-0.96) (FIGURE 3).
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FIGURE 3. Forest plot for risk of developing Clostridioides difficile
infection.
IBD: inflammatory bowel disease; PPI: proton pump inhibitor.

DISCUSSION

The incidence of CDI has generally been increa-
sing™. The first evidence of an association of CDI
with antidepressant medications use was described
in a cohort study of 14,719 patients®. The article ai-
med to assess the association of proton-pump inhibi-
tors and CDI in a setting of low disease activity. Nine
out of 14 drug classes were significantly associated
with CDI in a univariate regression analysis. After
controlling for confounding variables, only PPI days,
histamine-2 receptor antagonists (H2RAs), and anti-
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depressants were significantly associated with CDI.
However, specific types of antidepressant medication
were not investigated. Therefore, another relatively
recent study assessing whether major depression or
specific types of anti-depressants alter the risk of de-
veloping CDI was performed®. The risk of CDI was
significantly increased in patients with major depres-
sion. Using multivariate regression analysis, specific
types of antidepressant medications were also asso-
ciated with a higher risk of CDI including mirtazapi-
ne, fluoxetine, nortriptyline, amitriptyline, trazodone,
and duloxetine. Results of our study for mirtazapine,
nortriptyline, and trazodone are comparable to the
ones of Rogers et al.””. Regarding fluoxetine, the risk
of developing CDI was increased in univariate regres-
sion analysis (OR: 1.90; 95%CI: 1.86-1.94). However,
after taking into account confounding variables, the
risk of CDI was not increased in hospitalized patients
who were using fluoxetine compared to the ones
who were not using it (OR: 0.94; 95%CI: 0.92-0.96).

The mechanism of action of antidepressant medi-
cations is complex and not fully understood®!®. It is
also unclear how they increase the risk of CDI*>'7,
However, it is well known that antidepressants am-
plify serotonin or norepinephrine signaling by inhi-
biting reuptake at the synaptic cleft®. Alternation
of serotonin level could potentially explain the in-
creased risk of CDI”, In fact, an experimental stu-
dy done on mice demonstrated an increased risk of
5-hydroxytryptamine (5-HT) mediated colonic in-
flammation through activation of immune cells®.
Jorandli et al. suggested that the reduced serotonin
reuptake capacity may contribute to the increased
interstitial serotonin level associated with intestinal
inflammation®”. Another hypothesis explaining this
unclear mechanism could be the dysregulation of the
immune system by antidepressant medications®”.
Abnormalities in the proliferation, cytokine secretion
and viability of peripheral blood lymphocytes have
been observed in cells exposed to SSRIs. One study
evaluating the ex-vivo immunomodulatory effect of
SSRI in T cells found that paroxetine and sertraline
decreased T-cell viability®". Another study illustrated
that antidepressants suppressed the production of
the Th1 cytokine interferon gamma (IFN-y)©@?.

To the best of our knowledge, this is the largest
study to date assessing the risk of CDI with anti-

depressant medications use in hospitalized patients.
We believe that the results of our population-based
study reinforce the limited evidence present in the
literature. This study has few limitations mainly rela-
ted to the nature of the database we used. First, the
accuracy of the prevalence rates of diagnosis might
be affected since the database only includes infor-
mation of patients who sought medical care. Second,
bias in data entry and classification may influence the
true estimates of diseases. Despite these limitations,
Explorys has been well established previously as a
database in different specialties including gastroen-
terology**'?. Third, our study is also limited by the
inclusion of hospitalized patients only. Since CDI has
emerged in the community in population previously
considered low risk® analyzing community-acqui-
red CDI would be interesting as well.

CONCLUSION

In conclusion, our study illustrates that the risk of
hospital-acquired CDI is higher in patients who are
on antidepressant medications compared to the ones
who are not. In contrary to fluoxetine; mirtazapine,
nortriptyline, and trazodone were associated with an
increased risk of CDI in hospitalized patients. The
results of this study are in line with those of smal-
ler ones done previously. Future studies will be ne-
eded to better understand the mechanism of how
antidepressant medications predispose patients to
CDI. Considering the rising incidence of CDI in the
community, further studies would also be needed to
assess to risk of community-acquired CDI with the
use of antidepressant medications.
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Boustany A, Onwuzo S, Zeid HKA, Almomani A, Asaad I. Medicamentos antidepressivos estdo associados a um risco aumentado de

infec¢do hospitalar por Clostridioides difficile: um estudo populacional. Arq Gastroenterol. 2023;60(3):309-14.

RESUMO - Contexto — Na ultima década, a infeccio por Clostridioides difficile ICD) tornou-se a causa mais comum de diarreia asso-

ciada a antibioticos. Virios fatores de risco foram implicados. Existem evidéncias dispersas na literatura sobre a associacio da ICD
com o uso de medicamentos antidepressivos. Portanto, pretendemos investigar se o risco de desenvolver infeccado adquirida na
comunidade por Clostridioides difficile aumenta em pacientes que usam medicamentos antidepressivos. Métodos — Pacientes que
foram hospitalizados foram incluidos em nossa coorte. Individuos com menos de 18 anos foram excluidos. Uma andlise de regres-
sdo multivariada foi realizada para calcular o risco de ICD, considerando possiveis confusoes. Resultados — O risco de ICD em
pacientes hospitalizados foi maior em individuos diagnosticados com doenca inflamatéria intestinal (OR: 4,44; 1IC95%: 4,35—4,52) e
em pacientes que usavam clindamicina (OR: 1,55; 1C95%: 1,53—1,57), antibioticos beta-lactimicos (OR: 1,62; 1C95%: 1,60-1,64), PPI
(OR: 3,27; 1C95%: 3,23-3,30), trazodona (OR: 1,31; 1C95%: 1,29-1,33), nortriptilina (OR: 1,25; 1C95%: 1,21-1,28) e mirtazapina (OR:
2,50; 1C95%: 2,46-2,54). Depois de controlar as covaridveis, o risco de ICD ndo aumentou em pacientes que estavam tomando fluo-
xetina (OR: 0,94; 1C95%: 0,92-0,96). Conclusiao — Em contririo 2 fluoxetina; mirtazapina, nortriptilina e trazodona foram associados
a um risco aumentado de ICD em pacientes hospitalizados.
Palavras-chave — Medicamentos antidepressivos, Clostridioides difficile, infeccio por Clostridioides difficile.
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