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Abstract

Background: Clostridium difficile infection (CDI) is a common
condition in hospitalized patients. In the USA, there has been an
alarming rise in the use of opioids for analgesia during hospitaliza-
tion. Due to their antiperistalsis effect, opioids can increase absorp-
tion of bacterial toxins. Our study aimed to highlight any correlation
between opioids use in CDI and morbidity, mortality, and duration
of hospitalization.

Methods: A retrospective study was performed, and data were col-
lected from 321 hospitalized patients with CDI. The dosage of opioids
received in the first 4 days following diagnosis was calculated. Pa-
tients were divided into two groups (control group vs. opioid group).
Reassessment of severity of disease on day 4 was performed. Com-
plications, hospital mortality, readmissions for CDI within 3 months,
length of stay, and disposition at discharge were compared.

Results: The opioid arm consisted of 169 patients, and 152 patients
served as controls. On day 4, the number of patients with severe dis-
ease was significantly higher in the opioid group versus controls (78
(46.1%) vs. 37 (24%), respectively, P < 0.01), and complications in-
cluding ileus, high white blood cell count, and need for vasopressors
were significantly higher in the opioid group (27.8% versus 16.4%,
P =0.01). Control group patients were more likely to be discharged
home (47% vs. 33%, P =0.04), while opioid group required predomi-
nantly long-term facilities care after discharge.

Conclusion: Opioid usage for analgesia in CDI increases the risk for
severe disease, complications, longer hospitalization, readmission

rates, hospital mortality and discharge to a long-term facility.
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Introduction

Clostridium difficile infection (CDI) is the most common
cause of healthcare-associated infections in the USA and was
the leading cause of enterocolitis-associated death in 2007 [1,
2]. With the appearance of new strain BI, NAPI, or ribotype
027, CDI was noted to be more common and severe. It devel-
oped resistance to medical therapy and was associated with
higher recurrence rate. In 2011, an estimated 453,000 new cas-
es of CDI occurred in the USA, of which 29,300 patients died
[2]. Factors that increase the risk of CDI include malignancy,
antibiotic usage, increased number of comorbidities, chronic
kidney disease, inflammatory bowel disease, cirrhosis, gas-
trointestinal surgery, proton pump inhibitors (PPIs), histamine
H,-receptor antagonists, and steroid use. Fortunately, affected
by a decrease in healthcare-associated infections, the incidence
of CDI declined (154.9 to 143.6 per 100,000 persons) between
2011 and 2017 [3]. CDI can present with mild diarrhea, se-
vere infection with the formation of pseudomembranes, or a
fulminant colitis with toxic megacolon. Mortality rates of C.
difficile-associated diarrhea ranged between 4.2% and 6.9%
in several centers in North America; however, rates increased
with age [4]. Higher death rates were noted with healthcare-
associated CDI as the incidence of NAP1 strain is higher in
this group [2, 3]. Treatment and control of CDI represent a
substantial economic burden as the healthcare cost in the USA
is up to $3.2 billion [5-7]. The associated increased morbid-
ity, mortality, and healthcare costs have made CDI an evolving
public health concern [8].

On the other hand, the increased use of opiates all over
the USA is alarming. CDC declared opioid usage as a national
crisis with more than 191 million opioid prescriptions in 2017
and 58.7 prescriptions per 100 people. More than three-quar-
ters of patients with CDI were noted to receive opioids for an-
algesia during their hospitalization in one study [9]. With this
recent opioid epidemic, it is vital to recognize the interplay
between narcotics and CDI.

Due to their antiperistalsis effect, opioids lead to increased
contact time of the C. difficile bacteria with the intestinal mu-
cosa, increased epithelial penetration, and absorption of bacte-
rial toxins [10]. Mora et al reported that the use of a moderate
to a high dose of opioids increased the risk of contracting CDI,
though the effect of opioids on the course of CDI was not ad-
equately studied. There have been only scarce reports evaluat-
ing the impact of opioids on the severity and prognosis of CDI.
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Table 1. Opioids Conversion to MME

Analgesic Route of administration  Dose MME
Morphine Parenteral 1 mg 3 mg
Hydromorphone Parenteral 1.5mg 30mg
Hydromorphone Oral 7.5mg 30mg
Fentanyl Parenteral 1 ug 300 mg
Fentanyl Transdermal 100 pg 200 mg
Hydrocodone Oral 1 mg 1 mg

MME: morphine milligram equivalent.

Our study aimed to highlight any correlation, independent of
the severity of the disease at presentation to hospital, between
opioids use in CDI and outcomes such as morbidity, mortality,
and hospital stay.

Materials and Methods

A longitudinal retrospective study was conducted between
December 2015 and December 2017. The patients’ database
available on the electronic medical record McKesson system
was scanned based on predefined inclusion and exclusion cri-
teria. Subjects were identified using the ICD-9 and 10 codes.
Only patients over the age of 18, with three or more unformed
stool and diagnosed with CDI by polymerase chain reaction
(PCR) were included. Pregnant patients, those with other con-
comitant active infections, acute kidney injury due to causes
other than CDI, and hospitalization for less than 4 days were
excluded. Patients on chronic narcotics were also excluded. A
total of 321 hospitalized patients with CDI were enrolled. Ap-
proval was obtained from the Institutional Review Board. This
study was done in accordance with the ethical standards of the
institutional and/or national research committee and with the
1964 Helsinki declaration and its later amendments or compa-
rable ethical standards.

Opioid analgesics included acetaminophen/hydrocodone,
fentanyl, morphine, hydromorphone, oxycodone, and oxyco-
done/acetaminophen. The total dosage of opioids received in
the first 4 days following CDI diagnosis was calculated. The
doses of different types of opioids received were converted
into morphine milligram equivalents (MMEs) as shown in Ta-
ble 1 [11].

Patients were divided into two groups depending on
whether they received opioids or not. All gathered data were
grouped in one confidential electronic database using REDCap
electronic data capture tools (Vanderbilt University, Nashville,
TN) and handed to the principal investigator for grouping and
statistical analysis. The primary outcome was the assessment
of CDI severity at day 4, according to the American College
of Gastroenterology CDI severity scoring system. We used the
following predictive criteria of unfavorable outcomes to clas-
sify severe CDI: white blood cell (WBC) count 15,000 cells/
mm or serum creatinine > 1.5 mg/dL. Complicated CDI in-
cluded patients who developed any of the following: ileus, tox-
ic megacolon, temperature > 38.5 °C (101.3 °F), hypotension,
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Table 2. Primary and Secondary Outcomes of CDI in Control
and Opioid Groups

Outcome Opioid group Control group  P-value
Severe CDI 78 (46.1%) 37 (24%) <0.001
Complicated CDI 47 (27.8%) 25 (16.4%) 0.01
LOS (days) 13(6-18) 7(5-11) <0.001
Hospital mortality 29 (17%) 13 (9%) 0.022
Home disposition 57 (33%) 71 (47%) 0.04

CDI: Clostridium difficile infection; LOS: length of stay.

the need for vasopressors, WBC count > 35,000 or < 2,000,
lactate > 2.2, altered mental status, and the need for surgery.
Complications, hospital mortality, readmission for CDI within
3 months, length of stay (LOS), peak WBC count, peak creati-
nine, and disposition at discharge were compared between the
two study arms and served as secondary outcomes.

Statistical analysis

Univariate and multivariate analyses were used to identify
possible risk factors, LOS, and hospital outcomes in patients
receiving opioids for analgesia compared to controls. Data
analysis was performed using SPSS statistical analysis soft-
ware. Statistical significance was set at P-value < 0.05 with a
power of 0.8 and a 1:1 subject to control ratio. Logistic regres-
sion analysis was conducted to control for confounding factors
including diabetes, hypertension, coronary artery disease, liver
cirrhosis, congestive heart failure, previous history of CDI,
chronic kidney disease, malignancy, or immunosuppression.

Results

A total of 321 hospitalized patients with CDI were enrolled.
The opioid arm consisted of 169 patients with CDI who re-
ceived opioids (52.6%). All other 152 (47.4%) patients served
as the control group. Primary and secondary outcomes of pa-
tients in the opioid group and controls were evaluated (Table
2).

On the fourth day from diagnosis, the number of patients
with severe disease was significantly higher in the opioid
group versus controls (78 (46.1%) vs. 37 (24%), respectively,
P < 0.01) (Fig. 1). After adjusting for the severity of infec-
tion at the time of diagnosis (i.e., whether patient had mild
or severe disease), the opioid group still showed a remarkable
worsening of their disease status on day 4 from diagnosis (P <
0.01) compared to controls.

Logistic regression analysis was used to identify risk fac-
tors of severe CDI at day 4. Opioid use was found to indepen-
dently increase the risk of severe CDI at day 4 of admission by
four-folds (odds ratio (OR): 4.089; confidence interval (CI):
2.32 - 7.18; P < 0.001). Patients with history of immunosup-
pression, antibiotics, PPI usage, and advanced age were also at
a higher risk of developing severe CDI at day 4 of hospitaliza-
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Figure 1. Severity of CDI (percentage of patients with severe disease) on day 4 of hospitalization in patients receiving opioids for
pain versus controls. CDI: Clostridium difficile infection.
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Figure 2. Predicted probability of total number of complications in patients with CDI receiving opioids for pain control. CDI:
Clostridium difficile infection.
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Figure 3. Disposition of patients with CDI who received opioids for pain versus controls. CDI: Clostridium difficile infection.

tion.

Complications including intestinal ileus, leukocytosis, or
leucopenia (WBC count > 35,000 or < 3,000), lactic acidosis,
and the need for vasopressors were significantly higher in the
opioid group (27.8% versus 16.4%, P =0.01). The number of
complications increased proportionally with the total dosage
of morphine equivalent received (Fig. 2). Hospital mortality in
the opioid group was significantly higher (29 (17%) versus 13
(9%), P=0.022).

Patients in the opioid group had significantly longer LOS
compared to the control group (13 days (6 - 18) versus 7 days
(5 - 11), P < 0.001). Regarding patients presenting with mild
CDI, readmissions within the next 3 months were significantly
higher in the opioids group compared to the controls (18 (24%)
vs. 5 (8%), P = 0.01). Peak WBC and peak creatinine were
higher with opioids, but not statistically significant. Control
group patients were more likely to be discharged home com-
pared to the opioid group (71 (47%) versus 57 (33%)). Patients
in the opioid group were more likely to require extended care
predominantly at long-term facilities or skilled nursing homes
or required additional health services if they were to be dis-
charged home compared to the control group (112 (67%) vs.
81 (53%); P =10.004) (Fig. 3).

Discussion

For more than three decades, the usage of antimotility agents
during the management of bacterial enterocolitis has been in-
tensely discouraged. Intestinal motility is a biological defense
mechanism against enteric infections by promoting intestinal
clearance of the infecting organisms [12, 13]. Toxins A and B
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play a fundamental role in CDI disease. Although the role of
toxin B is incompletely understood, it is believed that both tox-
ins cause cellular necrosis and death of the intestinal mucosal
cells, increased intestinal permeability, and neutrophil infiltra-
tion of the lamina propria. These toxic effects lead to marked
intestinal injury and inflammation. It has been suggested that
decreased intestinal peristalsis may allow for increased contact
time between organisms such as C. difficile, their toxins, and the
mucosal epithelium. Opioids are known to decrease intestinal
motility; they might also result in alteration of the gut micro-
biome and bacterial translocation. Clostridium was reported to
be one of the pathogenic bacteria that was more abundant after
morphine therapy [14]. Moreover, morphine has been shown to
enhance persistent inflammation by leading to endotoxin toler-
ance and increased absorption of C. difficile bacterial toxins,
thus resulting in septicemia and septic shock [15]. This explains
the increased risk for severe disease and associated morbidities,
as shown in this study. On the other hand, the increase in dis-
charge to a rehabilitation facility and the need for home health
services is a consequence of the increased length of hospitaliza-
tion in patients in the opioids group.

An abstract by John et al published in the American Jour-
nal of Gastroenterology had a similar conclusion: more than
one-third of the patients using opioids for analgesia in CDI
developed progression to severe or complicated CDI [16]. The
study was limited by a higher prevalence of immunosuppres-
sion and chemotherapy use in the opioid group (19.2% vs.
12.5% and 11.8% vs. 6.3%, respectively), which can adversely
limit the assessment of severity.

Another abstract by Chowdhry et al [17] similarly showed
an increased risk of severe CDI in patients exposed to opioids
along with an extended LOS (the mean hospital stay was 63%
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Table 3. Baseline Characteristics of Patients in Opioid Group and Controls

Baseline characteristics Opioid group Control group P-value
Age 71 (58 - 81) 76 (63 - 82) 0.115
Male 62 (37%) 64 (42%) 0.321
White 124 (73%) 121 (80%) 0.20
Hospital acquired CDI 72 (43%) 62 (41%) 0.42
Antibiotic use 58 (34%) 57 (38%) 0.553
PPI use 76 (45%) 67 (44%) 0.87
H,-blocker use 9 (5%) 12 (11%) 0.08
Cirrhosis 8 (5%) 2 (1%) 0.1
Malignancy 42 (25%) 32 (21%) 0.42
Previous history of CDI 36 (21%) 33 (22%) 0.92
Nursing home resident 35 (21%) 30 (20%) 0.82
Immunosuppression 24 (14%) 18 (12%) 0.53
Diabetes mellitus 64 (38%) 48 (32%) 0.23
Chronic kidney disease 29 (17%) 43 (28%) 0.017
Congestive heart failure 21 (12%) 31 (20%) 0.053

CDI: Clostridium difficile infection; PPI: proton pomp inhibitor.

longer than controls).

Increased severity and hospital stay have detrimental ef-
fects on patients care and healthcare expenditure. However,
poor control of the pain induced by CDI can be inconven-
ient for the patients and their families. Pain management is
indicated to prevent adverse effects on patients’ physical and
psychological capacities. Therefore, heightened awareness is
warranted to seek alternative analgesic agents or limit the use
of opioids cautiously. Care providers should be aware of the
adverse effects of opioids especially if a higher dose of opioids
was deemed necessary for pain control in patients with CDI.

This study is limited by its single-centered, retrospective
design. Moreover, Staten Island is a borough with a particu-
larly high incidence of opioid pill abuse and misuse; hence
our findings might not be reflective of other regions across
the USA.

A major strength in our study compared to other studies
is the adjustment of the results to baseline severity of CDI at
the time of diagnosis. This solidifies our findings that worse
outcomes measured 4 days through the illness were strongly
attributed to the increased usage of opioids rather than the se-
verity of disease at presentation. Baseline characteristics were
homogenous as well (Table 3).

Conclusions

Opioid usage for analgesia in CDI increases the risk of severe
disease, complications, extended hospitalizations, readmission
rates, hospital mortality, and discharge to long-term facilities.
Moreover, the overall worse outcomes induced by opioids
could have detrimental effects on the patients care and health-
care expenditure. To conclude, the use of opioids for analgesia
in C. difficile-infected patients should be practiced with cau-

Articles © The authors | Journal compilation © Gastroenterol Res and Elmer Press Inc™

tion. Further large prospective clinical trials are needed to vali-
date our study findings.
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