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ABSTRACT

Objectives: To identify the role of chronic
comorbidities, considered together in a literature-
validated index (Cumulative lliness Rating Scale, CIRS),
and antibiotic or proton-pump inhibitor (PPI)
treatments as risk factors for hospital-acquired
Clostridium difficile infection (CDI) in elderly
multimorbid hospitalised patients.

Design: Retrospective cohort study.

Setting: Subacute hospital geriatric care ward in Italy.
Participants: 505 (238 male (M), 268 female (F))
elderly (age >65) multimorbid patients.

Main outcome measures: The relationship between
CDI and CIRS Comorbidity Score, number of
comorbidities, antibiotic, antifungal and PPI
treatments, and length of hospital stay was assessed
through age-adjusted and sex-adjusted and multivariate
logistic regression models. The GIRS Comorbidity
Score was handled after categorisation in quartiles.
Results: Mean age was 80.7+11.3 years. 43 patients
(22 M, 21 F) developed CDI. The prevalence of CDI
increased among quartiles of CIRS Comorbidity Score
(3.9% first quartile vs 11.1% fourth quartile, age-
adjusted and sex-adjusted p=0.03). In the multivariate
logistic regression analysis, patients in the highest
quartile of CIRS Comorbidity Score (>17) carried a
significantly higher risk of CDI (OR 5.07, 95% Cl 1.28
to 20.14, p=0.02) than patients in the lowest quartile
(<9). The only other variable significantly associated
with CDI was antibiotic therapy (OR 2.62, 95% Cl 1.21
to 5.66, p=0.01). PPI treatment was not associated
with CDI.

Conclusions: Multimorbidity, measured through CIRS
Comorbidity Score, is independently associated with
the risk of CDI in a population of elderly patients with
prolonged hospital stay.

INTRODUCTION

Clostridium difficile infection (CDI) is one of
the leading healthcare-associated infections
in Western countries, responsible for

Strengths and limitations of this study

= (Calculation of Cumulative lllness Rating Scale
(CIRS) scores is a rapid, inexpensive way to
determine the overall multimorbidity burden of
elderly hospitalised patients.

m The association of multimorbidity with Clostridium
difficile infection has never been extensively
studied in elderly multimorbid patients with pro-
longed hospital stay.

= The retrospective study design may limit the
generalisability of results.

= Asymptomatic carriers of C. difficile were not
identified.

= Physical performance of patients and polypharmacy
were not considered as potential confounders.

diarrhoea and colitis in patients with abnor-
mal gut microbiota and impaired local
immunity.! Even if the prevalence of
community-acquired CDI is continuously
rising,” most cases occur in patients with pro-
longed hospitalisation, accounting for a rise
in mortality and burden of healthcare costs.”

Systemic antibiotic therapy in the previous
30 days has been traditionally considered as
the most important risk factor for CDIL
Virtually, exposure to all types of antibiotics
has been linked to an increased risk of CDI,
with the highest ORs for cephalosporins,
clindamycin and carbapenems.4 This risk is
also consistently influenced by the timing
and duration of antibiotic treatment.”

However, a significant number of hospital-
acquired and community-acquired CDI occurs
in patients without any recent antibiotic expos-
ure in their personal history.>™

As such, although widespread antibiotic
use can increase environmental C. difficile
contamination and thus the risk of infection
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also for those who are not on antibiotic treatment,”’
alternative factors may be involved. Older age, cancer
chemotherapy, inflammatory bowel disease, chronic
kidney disease (CKD), organ transplantation, immuno-
deficiency and exposure to asymptomatic carriers or
infected patients have all been recognised as independ-
ent risk factors." ? ' Chronic proton-pump inhibitor
(PPI) therapy may also be associated with CDL" even if
some studies have questioned the strength of this inde-
pendent association.'”

Since most hospital-acquired cases of CDI occur in
oldest-old patients with a high burden of chronic
comorbidities affecting multiple organs and systems,'”
multimorbidity itself may play a relevant role in defining
the risk of CDL'* Multimorbidity scores have been
demonstrated as useful tools for predicting the risk of
severe hospital-acquired infections by  other
multidrug-resistant bacteria.'” '°

Therefore, the aim of this retrospective hospital-based
study is to evaluate the risk factors of CDI in a cohort of
multimorbid, hospitalised elderly patients with a pro-
longed hospital stay. We focus on the possible role of
Cumulative Illness Rating Scale (CIRS) Comorbidity
Score, a literature-validated'” index particularly useful in
defining the prognostic trajectory of geriatric-hospita-
lised patients.]8

METHODS

All clinical records of patients admitted to the Critical
Subacute Care Unit of Parma University Hospital,
Northern Italy, from 1 January to 30 June 2013 were ana-
lysed by using a retrospective cohort study design. This
unit is an internal medicine ward primarily devoted to
elderly multimorbid patients requiring prolonged hos-
pital stay for critical conditions. Admission is generally
planned after some days of hospital stay in other acute
care medical or surgical wards.

Inclusion criteria for this study were age >6b years,
absence of a well-defined terminal condition with a sur-
vival prognosis <30 days, presence of at least two of the
following criteria: reduced muscular strength, reduced
gait speed, forced bed rest, lack of autonomy in activities
of daily living, >5% weight loss in the previous 6 months.

CDI was defined according to the presence of at least
one stool sample with a laboratory confirmation of posi-
tive C. difficile toxin assay in a patient with diarrhoea or
visualisation of pseudomembranes on colonoscopic
examination. Diarrhoea was defined as three or more
loose bowel movements per day, with no other known
cause. All other patients fulfilling the eligibility criteria
were considered as CDI negative.

The cumulative incidence of CDI in our unit, accord-
ing to data from Healthcare Hospital Direction, con-
sisted of 8 cases per 100 patients in 2013, with 1432
unit-admissions in the same year. Therefore, we consid-
ered 6 months (January—June 2013) as a sufficient time
period of observation to reach the target number of 452

patients, and in order to achieve an absolute precision
of 2.5% and a confidence level of 95%.

For each patient, the following variables were consid-
ered for possible association with CDI: age, sex, hospital
stay before transferral to our unit, total length of stay,
antibacterial, antifungal and PPI treatment, CIRS
Comorbidity Score, overall number of comorbidities.
Presence of specific comorbidities (including cardiovas-
cular disease, respiratory disease, dementia, stroke,
cancer, CKD, liver disease) and in-hospital death were
also recorded. CIRS is a tool validated in the scientific
literature for geriatric hospitalised patients.17 The calcu-
lated score ranging from 0 to 4 is the result of disease
severity for each of 14 items representing possible
organs affected by a chronic disease. The CIRS
Comorbidity Score is the sum of all scores assigned to 14
items. The CIRS Severity Index is the number of items
ranking three or four in disease severity. All the consid-
ered variables were collected from clinical records of eli-
gible patients. The CIRS Comorbidity Score was
calculated for each patient at the time of admission to
our ward and recorded in clinical records. Participants
with missing data in clinical records were not considered
for final analysis.

Variables were reported as number and percentage,
mean+SD or, for not normally skewed distributions,
median and IQR. Characteristics of patients were com-
pared across CDI positivity and negativity using
Kruskal-Wallis tests for continuous variables, after adjust-
ment for age and sex. Logistic regression models were
used to examine the relationship between CIRS
Comorbidity Score after stratification in quartiles and
the risk of having CDI. Logistic regression models were
adjusted for age and sex (model 1). The relationship
between quartiles of CIRS Comorbidity Score and CDI
was also adjusted for other variables that were significant
in the univariate analysis (model 2). Since antibiotic
treatment is the most common and powerful risk factor
for CDI, an additional analysis was also performed after
categorising patients according to exposure to antibiotic
treatment to better test the association between CIRS
Comorbidity Score and CDI. All analyses were per-
formed using the SAS statistical package, V.9.1 (SAS
Institute Inc, Cary, North Carolina, USA) with a type I
error of 0.05.

This study was carried out without any extra-
institutional funding. All the clinical investigations were
performed according to the principles expressed in the
Declaration of Helsinki. Given the retrospective design
of the study, specific informed consent was obtained,
according to Italian law.

RESULTS

The total number of patients admitted to the subacute
care ward from January to June 2013 was 633 (298 male
(M), 335 female (F)). In total, 128 of them (60 M, 68 F)
were excluded from the study for not meeting the
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inclusion criteria (120 patients, 56 M, 64 F) or for
missing CIRS scores in clinical records (8 patients, 4 M,
4 F). The remaining 505 patients (238 M, 267 F, mean
age 81+10 years) were considered for statistical analysis.
The general characteristics of 505 patients are sum-
marised in table 1. The most frequent chronic
comorbidities were cardiovascular disease (56%),
respiratory disease (44%), dementia (43%) and stroke
(30%). Exposure to PPI, systemic antibacterial and anti-
fungal treatment in the whole cohort were 87%, 44%
and 13%, respectively. The in-hospital mortality rate was
22%.

Forty-three patients of the 505 (22 M, 21 E 8.5%) were
classified as CDI positive according to the criteria
exposed above. The other 462 patients were therefore
classified as CDI negative. The prevalence of CDI by
quartile of CIRS Comorbidity Score is shown in figure 1.
Age-adjusted and sex-adjusted tests for linear trend
showed a significant association between CDI and quar-
tiles of CIRS Comorbidity Score (p=0.03).

Table 2 shows a comparison between CDI-positive and
CDI-negative patients for all other considered covariates.
Notably, CDI-positive patients had significantly higher
rates of antibacterial and antifungal therapy and longer
hospital stays. PPI treatment did not significantly differ
between the two groups.

In the age-adjusted and sex-adjusted logistic regression
model (table 3, model 1), patients in the highest quar-
tile of CIRS Comorbidity Score (values >17) carried out
a significantly higher risk of CDI, as compared with
those in the lowest quartile (values <9) (OR 2.89, 95%
CI 1.02 to 8.54, p=0.045). This relationship was also con-
firmed in the multivariable logistic regression model
(model 2), shown in table 3 (OR for highest vs lowest

Table 1 Main features of the population studied (n=505)
Age, years 80.7+11.3
Men 47 (238/505)
Mean hospital stay before transferral 20.8+19.8

to our unit, days

Mean length of stay in our unit, days 15.5+11.9
Mean total length of stay, days 36.2+24.3

Death

Infection (Clostridium difficile excluded)
Cardiovascular disease

Respiratory disease

22 (108/505)
62 (313/505)
55 (278/505)
44 (222/505)

Dementia 43 (216/505)
Stroke 30 (150/505)
Cancer 25 (126/505)

Chronic kidney disease
Liver disease

C. difficile infection

PPI treatment
Antibacterial treatment 44 (223/505)
Antifungal treatment 13 (67/505)
Data are reported as percentage (number) or mean+SD whenever

appropriate.
PPI, proton-pump inhibitor.

24 (122/505)
9 (48/505)

8.5 (43/505)

87 (434/505)

15.00
Age-and sex-adjusted p=0.03

11.25 7

7.50 7

3.75

Prevalence of Clostridium difficile infection (%)

0.00 -

>13,<17 >17

<9 >9,<13

Quartiles of CIRS Comorbidity Score

Figure 1 Prevalence of Clostridium difficile infections after
quartile categorisation of Cumulative lliness Rating Scale
(CIRS) Comorbidity Score in the studied population (n=505).

quartile 5.07, 95% CI 1.28 to 20.14, p=0.02). The only
other factor significantly associated with CDI was the
antibacterial therapy (OR 2.61, 95% CI 1.21 to 5.64,
p=0.01) (table 3). An alternative multivariable logistic
regression model including the number of comorbidities
instead of CIRS Comorbidity Score is shown in the
online supplementary material.

To explore the relationship between multimorbidity
measured through CIRS Comorbidity Score and CDI, a
further analysis was performed categorising patients
according to exposure to antibiotics (223 patients with
antibiotics, of whom 31 were CDI positive, and 282
patients without antibiotics, of whom 12 were CDI posi-
tive). The CIRS Comorbidity Score was significantly
higher in CDI-positive patients only in the antibiotics-
treated group (median CDI positive 15, IQR 12 to 18, vs
median CDI negative 12, IQR 8 to 17, p=0.016).

DISCUSSION

This study shows that, in a cohort of elderly patients with
prolonged hospital stay, multimorbidity is significantly
and independently associated with CDI onset, especially
for those who have a very high number of chronic
comorbidities (ie, those who have a CIRS Comorbidity
Score >17). Antibiotic therapy is confirmed to be an
independent risk factor for CDI in our cohort.

Our study has several limitations. First, even if the con-
sidered cohort has a high burden of multimorbidity and
a high incidence of CDI, the retrospective design did
not allow us to explore the contribution of single dis-
eases and C. difficile colonisation status in defining the
risk of CDL'? Second, no phenotypical characterisation
of C. difficile strains is provided, while the risk of CDI at
least partly depends on microbe-related factors.?’
Moreover, information on other factors recently asso-
ciated with risk of CDI, such as polypharmacy, notably
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Table 2 Comparison between general characteristics of CDI-positive and CDI-negative patients

CDI positive (N=43) CDI negative (N=462) p Value*
Age, years 82.6+8.5 80.4+10.4 0.20
Men 22 (51.2) 216 (46.8) 0.41
Mean hospital stay before transferral to our unit, days 23+18 2120 0.43
Mean length of stay in our unit, days 30+16 14+11 0.02
Mean total length of stay, days 53+28 35+27 0.03
Number of comorbidities 3 (3-5) 3 (2-4) 0.01
PPI treatment 40 (93) 394 (85.8) 0.19
Antibacterial treatment 31 (72.1) 192 (41.6) <0.001
Antifungal treatment 10 (23.3) 57 (12.3) 0.03
Cardiovascular disease 23 (53.5) 255 (55.2) 0.55
Respiratory disease 20 (46.5) 202 (43.7) 0.91
Dementia 23 (53.5) 193 (41.7) 0.21
Stroke 17 (39.5) 133 (28.8) 0.18
Cancer 8 (18.6) 117 (25.4) 0.40
Chronic kidney disease 16 (37.2) 106 (22.9) 0.05
Liver disease 7 (16.3) 41 (8.9) 0.09

Statistically significant differences (p<0.05) are indicated in bold.

Data are reported as number (%), mean+SD or median (IQR) whenever appropriate.

*Age-adjusted and sex-adjusted when appropriate.
CDI, Clostridium difficile infection; PPI, proton-pump inhibitor.

exposure to antidepressants, opioids and non-steroidal
21-24

anti-inflammatory drugs, and functional status, was
not available in this cohort.
Despite  previous reports stating that CIRS

Comorbidity Score is associated with overall comorbidity
burden and prognosis in hospitalised elderly patients,18
its narrow range of values may not be sufficiently accur-
ate for describing clinical complexity in our cohort. As
shown in table 3, only CIRS Comorbidity Score in the
top quartile (>17) was significantly associated with CDI,

as compared with those patients in the first quartile
(<9). Thus, multimorbidity exerts an additional contri-
bution to a lesser extent than antibiotic therapy in defin-
ing the risk of CDI.

Very few studies have explored the association
between multimorbidity and CDI and, to the best of our
knowledge, none has assessed it through CIRS. The
information on CIRS is perhaps the main strength of
the present study. Moreover, the focus on a population
of elderly patients with prolonged hospital stay allows

Table 3 Factors associated with a higher risk for Clostridium difficile infection at age-adjusted and sex-adjusted (model 1)

and multivariate (model 2) logistic regression models

OR 95% ClI p Value*

Model 1 (age-adjusted and sex-adjusted)
CIRS Comorbidity Score

First quartile (<9) - - -

Second quartile (>9, <13) 2.49 0.84 to 7.42 0.10

Third quartile (>13, <17) 2.54 0.85 to 7.64 0.09

Fourth quartile (>17) 2.89 1.02 to 8.54 0.045
Age 1.01 0.97 to 1.05 0.47
Sex (female vs male) 0.78 0.41 to 1.49 0.45
Model 2 (fully adjusted)
CIRS Comorbidity Score

First quartile (<9) = = =

Second quartile (>9, <13) 3.50 0.48 to 25.38 0.22

Third quartile (>13, <17) 2.55 0.85 to 7.68 0.09

Fourth quartile (>17) 5.07 1.28 t0 20.14 0.02
Antibacterial therapy 2.61 1.21to 5.64 0.01
Antifungal therapy 1.54 0.67 to 3.53 0.31
Age 1.03 0.98 to 1.07 0.21
Sex (female vs male) 0.67 0.34 t0 1.33 0.26
Mean length of stay in our unit 1.02 0.99 to 1.02 0.14
Mean total length of stay 1.05 0.99 to 1.02 0.43

CIRS, Cumulative lliness Rating Scale.
*Statistically significant differences (p<0.05) are indicated in bold.
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one to understand the contribution of other risk factors
besides antibiotic therapy exactly on those patients who
more frequently develop CDL' Interestingly, a recent
study carried out with a geriatric methodology and con-
sidering multimorbidity in a literature-validated index
(Charlson score) failed to demonstrate a significant cor-
relation between this parameter and CDI onset and
severity. Moreover, the cohort considered for the final
analysis consisted also of patients younger than
65 yezurs.24 However, in other reports, the Charlson score
was proven to be a significant determinant of an adverse
outcome in patients with hospital-acquired CDL* *°
Stevens et al'* recently demonstrated that a multimorbid-
ity index specifically designed for infectious disease
investigations (chronic disease score-infectious disease,
CDS-ID) is a significant predictor of CDI in a large retro-
spective cohort of adult inpatients. However, this
research did not focus on high-risk patients (ie, geriatric
patients admitted to an internal medicine ward and with
prolonged hospital stay) but included all patients admit-
ted to a third-level specialty care hospital who received
at least 2 days of antibiotic treatment. Moreover, unlike
CIRS, CDS-ID takes into account only some potential
conditions, namely peptic ulcer disease, kidney disease,
diabetes, cancer, respiratory illness, organ transplant and
not the complex broad spectrum of disease that may
coexist in geriatric patients with complex health needs."”
However, our results seem to confirm that multimorbid-
ity also plays a relevant role in a geriatric setting.

It is noteworthy that in our cohort 12 CDI-positive
patients of the 43 were not exposed to previous anti-
biotic treatment. In this case, it is plausible that the
crucial factor for infection onset is the high level of
ward antibiotic use that may have increased the environ-
mental contamination and ecological pressure.7 Thus,
multimorbidity may play only a secondary role.

PPI exposure was not associated with CDI onset, and
these data are consistent with most of the recent litera-
ture.'"” However, the widespread use of these drugs in
our cohort (86.5%) may represent a possible bias and
questions the potential inappropriateness of PPI pre-
scription in this specific setting of older patients. A
recent Italian multicentre study conducted in internal
medicine wards has shown that PPI administration is
unjustified in 62% of cases, highlighting the need for
thorough medication revision both at hospital admission
and discharge.27 Moreover, in the oldest-old patients,
the prevalence of atrophic gastritis is very high, thus
making gastric acid suppression virtually useless.”®

In conclusion, multimorbidity may represent an add-
itional risk factor for CDI onset in elderly patients with
prolonged hospital stay, alongside with antibiotic treat-
ment. The CIRS Comorbidity Score may be a useful tool
to estimate this additional risk, especially in patients who
undergo long-term antibiotic treatment. Since elderly
patients are nowadays those who most frequently
develop CDI, further studies are needed to explore the
association between this infection and the domains of

multimorbidity, frailty and polypharmacy, which are
intrinsic features of geriatric patients admitted to hos-
pital. A precise definition of risk factors, other than anti-
biotic therapy, involved in CDI will allow one to adopt
effective preventive measures in order to limit the
increasing CDI-related health costs.”
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