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Letter to the Editor
Prevalence and predictors of C. difficile infections in hospitalized
patients with major surgical procedures in the USA: Analysis using
traditional and machine learning methods
Table 1
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To Editor,

Clostridium difficile infections (CDI) are a major cause of
morbidity and mortality in hospitalized patients.1e3 We sought to
examine prevalence and identify predictors of CDI in hospitalized
adults aged �40 years with any major surgical procedure (MSP).
We hypothesize that a mix of patient and hospital factors are asso-
ciated with occurrence of CDI by using traditional and machine
learning (ML) approach.

We conducted a retrospective analysis of the Nationwide Inpa-
tient Sample (NIS)4 from 2012 to 2014. All hospitalized adults �40
years who underwent an MSP were included. The outcome of in-
terest was occurrence of CDI. The independent variables were de-
mographic characteristics and hospital-related variables. A
multivariable logistic regression model was used to examine the
association between independent and outcome variables. Effects
of clustering of outcomes within hospitals were adjusted in the
regression model. We then applied an interpretable ML model
to the data.5 As opposed to black-box models, interpretable
models generate decisions via transparent decision processes
ng hospitalization (traditional mul
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that are easily understandable by humans. We adopted and modi-
fied a state-of-the-art interpretable model, Bayesian Rule Set
(BRS), which constructs from data a small set of short rules
comprised of features that differentiate the positive class (develop
CDI) from the negative class (do not develop CDI). A rule is a
conjunction of features that are automatically determined by the
model to be the most important predictors of CDI. It is predicted
that a patient will develop CDI if satisfies any of the rules in a
rule set model. The BRS model is learned from a Bayesian frame-
work that consists of a prior that favors a small set of short rules
to avoid overfitting and false correlations, and a likelihood that
represents how well the rules predict the data. The optimal model
with the highest posterior is obtained via a stochastic local search
algorithm that guarantees global optimality. Our goal in the
machine-learning approach was to find significant associations
between features and the outcome (CDI), as well as to build an ac-
curate predictive model. We varied the hyperparameters in BRS to
generate four rule set models with different false positive rates
(FPR), less than 0.01, less than 0.1, greater than 0.1, and close to
0.5, respectively.
tivariable logistic regression model).

Odds Ratio (95% CI) p-value

1.01 (1.01e1.01) <0.01
0.89 (0.87e0.91) <0.01
Reference
1.15 (1.10e1.19) <0.01
0.98 (0.93e1.03) 0.38
1.20 (1.09e1.31) <0.01
1.10 (0.90e1.34) 0.34
1.02 (0.94e1.11) 0.59
Reference
1.46 (1.45e1.47) <0.01
1.23 (1.19e1.28) <0.01
1.41 (1.34e1.48) <0.01
1.10 (1.01e1.20) 0.03
0.94 (0.86e1.03) 0.22
Reference

l 1.39 (1.34e1.44) <0.01
ral hospitals Reference

1.20 (1.14e1.26) <0.01
0.89 (0.84e0.94) <0.01
0.88 (0.83e0.92) <0.01
Reference
0.95 (0.91e1.00) 0.04
0.91 (0.87e0.96) <0.01
Reference
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Table 2
Bayesian Rule Set models and their performances (Machine Learning Model).

Rule set model FPR TPR

Rule set 1 - Comorbid � 5, Age � 72, and location¼ northeast 0.009 0.038
Rule set 2 - Comorbid � 5 and urban teaching hospital 0.085 0.270
Rule set 3 - Comorbid � 5 0.141 0.435
Rule set 4 - Comorbid � 3

- Race¼ African American, Asian/Pacific Islander, or Native American
0.491 0.813

FPR: False positive rate; TPR: True positive rate.
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During the study period, a total of 19,931,347 hospitalized adults
underwent an MSP. Half aged 40e64 years and the rest aged �65
years. 52.6% were female and 76.3% were Caucasians. The incidence
of CDI was 0.7% (0.6% in 40e64 years, 0.9% in �65 years). Results
from traditional multivariable logistic regression model are sum-
marized in Table 1. Following adjustment of confounders, demo-
graphic characteristics including increase in age, male gender, co-
morbid burden, African-American and Asian/Pacific Islander race
were associated with higher odds for developing CDI. Hospital-
related factors including uninsured adults, insurance coverage by
Medicare, Medicaid, and those underwent MSP at urban teaching
hospitals had higher odds for developing CDI.

The rule sets of the ML model are reported in Table 2. Every rule
and every rule set has a p-value <0.01. The first three rule sets
consist of one rule and the last rule set consists of two rules in order
to cover a larger group of people who either have 3 or more co-
morbidities, or whose race is African American, Asian/Pacific
Islander, or Native American.

From both the traditional and ML approach, it is apparent that
increasing age, increasing co-morbid burden, geographic location,
teaching status of hospital, and race are associated with occurrence
of CDI. The ML model consistently included co-morbid burden in
the model, indicating a large variable importance. Findings from
these models can be used to identify those patients that are likely
to develop CDI following surgical procedures.
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