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Abstract

Background: Clostridium difficile infection (CDI) remains one of the major hospital acquired infections in the nation,
often attributable to increased antibiotic use. Little research, however, exists on the prevalence and impact of CDI
on patient and hospital outcomes among populations requiring such treatment. As such, the goal of this study was
to examine the prevalence, risk factors, and impact of CDI among pneumonia and urinary tract infection (UTI)
hospitalizations.

Methods: The Nationwide Inpatient Sample (2009–2011), reflecting a 20% stratified sample of community hospitals in
the United States, was used. A total of 593,038 pneumonia and 255,770 UTI discharges were included. Survey-weighted
multivariable regression analyses were conducted to assess the predictors and impact of CDI among pneumonia and
UTI discharges.

Results: A significantly higher prevalence of CDI was present among men with UTI (13.3 per 1,000) as compared
to women (11.3 per 1,000). CDI was associated with higher in-hospital mortality among discharges for pneumonia
(adjusted odds ratio [aOR] for men = 3.2, women aOR = 2.8) and UTI (aOR for men = 4.1, women aOR = 3.4). Length of
stay among pneumonia and UTI discharges were also double upon presence of CDI. In addition, CDI increased
the total charges by at least 75% and 55% among pneumonia and UTI discharges, respectively. Patient and hospital
characteristics associated with CDI included being 65 years or older, Charlson Deyo index for comorbidity of 2 or more,
Medicare as the primary payer, and discharge from urban hospitals, among both pneumonia and UTI discharges.

Conclusion: CDI occurs frequently in hospitalizations among those discharged from hospital for pneumonia and UTI,
and is associated with increased in-hospital mortality and health resource utilization. Interventions to mitigate the
burden of CDI in these high-risk populations are urgently needed.
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infection, Nosocomial infection
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Background
Clostridium difficile infection (CDI) is a leading cause of
hospital-acquired infection (HAI) [1-3]. In many areas of
the United States, CDI has surpassed methicillin-resistant
Staphylococcus aureus as the most common type of HAI
[1] with approximately 333,000 initial and 145,000 recur-
rent hospital-onset cases in the nation [4]. Certain patient
populations have a disproportionately higher risk for CDI
due to either host factors, frequent antibiotic use or both.
These include older adults, patients using proton pump
inhibitors [5-7] or antibiotics [8,9], those with inflamma-
tory bowel disease [10-12], end-stage renal failure, or re-
cipients of solid organ transplants [13,14].
In a study addressing the burden of CDI among patients

with inflammatory bowel disease, Ananthakrishnan et al.
[12] demonstrated four times higher mortality and three
days longer hospital stay with presence of CDI. Similarly,
among solid organ transplant patients, presence of CDI
significantly increased the in-hospital mortality, length of
stay, and charges, in addition to organ complications [14].
Despite such recognized burden of CDI, limited research
exists on the prevalence and impact of infection among
most common conditions that require antimicrobial treat-
ment, with no study to date evaluating such impact among
pneumonia or urinary tract infection (UTI) patients. Some
recent empirical evidence has noted the co-occurrence
of pneumonia and UTI with CDI in the United States
[15] putatively due to the use of antimicrobial treatment;
though none have evaluated the impact of such co-
occurrences on patient and hospital outcomes. Misdiag-
nosis of pneumonia and inappropriate use of antimicrobial
therapy was associated with a CDI outbreak [16]. Given
the burden of CDI nationally and increasing prevalence at-
tributed at least in part to antibiotic use, understanding
the impact of CDI among patients with pneumonia or
UTI would be valuable to devise potential preventive
strategies. We undertook analyses of an existing large
dataset from a nationally representative survey to assess
[1] the prevalence and factors associated with CDI
among pneumonia and UTI and [2] the impact of CDI
on in-hospital mortality and health resource utilization
(length of stay [LOS] and total charges).

Methods
Data source
Data was extracted from the Nationwide Inpatient Sample
(NIS), 2009–2011. NIS, considered the largest publically
available all-payer inpatient database in the United States,
includes data from all states that participate in the Health-
care Cost and Utilization Project (HCUP), sponsored by
the Agency for Healthcare Research and Quality (AHRQ).
An annual approximate sample of 8 million hospitalizations
from 1,000 hospitals, reflecting a 20% stratified sample of
community hospitals in the nation are included in NIS. NIS

excludes short-term rehabilitation hospitals (starting 1998
data), long-term non-acute care hospitals, psychiatric
hospitals, and alcoholism/chemical dependency treatment
facilities. All hospitals in NIS are stratified based on five
hospital characteristics: ownership/control, bed size, teach-
ing status, urban/rural location, and geographic location.
Starting 1988, NIS data is available yearly and further
details of the dataset are available elsewhere [17].

Data collection and study definitions
Our study sample included hospital primary discharges
with pneumonia or UTI in adults over the age of 17 years.
The International Classification of Diseases, 9th Revision,
Clinical Modification (ICD-9-CM) was used to identify
UTI (599.0) and CDI (008.45). Pneumonia was assessed
using Clinical Classification Software (CCS) code of 112,
representing cases not caused by tuberculosis or sexually
transmitted disease (as defined by NIS). Similar coding
strategies have been utilized in previous literature for CDI
[11,13,14], pneumonia [18,19], and UTI [20,21]. NIS pro-
vides a primary discharge code in addition to additional
codes of secondary diagnoses. In this study, patients with
secondary discharge code for CDI were identified as CDI
patients.
We further included both patient and hospital character-

istics, to both control for and evaluate if such characteristics
negatively impact CDI patients. For example, previous
research has demonstrated both patient socioeconomic
factors and hospital characteristics, to be positively associ-
ated with length of stay and mortality in other patient
populations [11,13,14,22,23], and thus such variables were
further accounted for in our study.
Patient characteristics included were: age (18–34 years,

35–49 years, 50–64 years, 65 years or more), gender (men,
women), race/ethnicity (White, Black, Hispanic, Asian or
Pacific Islander, Native American, other), primary payer
type (Private including HMO, Medicare, Medicaid, Self-
pay, no charge, other), neighborhood income defined as
median household income quartiles by patient ZIP code
($1-$38999, $39000-$47999, $48000-$62999, $63000 or
more) and Charlson-Deyo Index (0, 1, 2 or more). The
Deyo modification of the Charlson comorbidity index was
used, which creates a score representing co-morbidities
for each discharge utilizing the ICD-9-CM coding algo-
rithms. The 17-item index is a validated measure of co-
morbidity for administrative data [24-26].
Hospital characteristics included in the study were: bed

size tertile categories (small, medium, large), ownership/
control (private investor-own, private non-profit, gov-
ernment nonfederal), setting/teaching status (rural, urban
non-teaching, urban teaching), and geographic location
(Northeast, Midwest, South, West). In-hospital mortality
was defined as those who died during hospitalization ver-
sus those who did not. LOS and total charges were used
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from NIS-provided variables, which were edited by AHRQ
to ensure uniformity between states. Total charges were
adjusted quarterly for inflation using the Gross Domestic
Product (GDP) deflator available through the United
States Department of Commerce, Bureau of Economic
Analysis with 2009 USD as the reference year [27].

Statistical analyses
SAS 9.4 (SAS Institute, Inc., Cary, NC) was used for all
statistical analyses except for negative binomial regres-
sion, for which we used the STATA 12 package (Stata
Corp LP, College Station, TX). Given that existing data
suggests potential gender differences in CDI [28-30] all
statistical analyses were stratified by gender. Due to the
large number of variables and in turn multiple testing, a
family-wise correction using the Bonferroni adjustment
was conducted to reduce type I error rate. As a result,
P < 0.0017 was set as the level of significance.
To assess CDI prevalence (for each patient population),

in addition to patient and hospital characteristic differences
between each gender among pneumonia and UTI cases,
chi-square tests using design-based F values were used. The
prevalence of secondary CDI was noted as cases per 1,000
discharges for pneumonia and UTI groups, by gender.
Next, independent survey-weighted multivariable logistic
regression analyses were performed to identify patient and
hospital characteristics associated with prevalence of
secondary CDI in both primary pneumonia and UTI
discharges.
In order to identify the impact of secondary CDI on

in-hospital mortality among patients hospitalized for pri-
mary pneumonia or UTI, chi-square tests were conducted
followed by survey-weighted logistic regression analyses.
To assess the impact of secondary CDI on resource
utilization, Wilcoxon rank sum test was used, followed
by survey-weighted negative binomial regression and
survey-weighted linear regression for LOS and total
charges, respectively. For all adjusted models in each
regression analyses, control variables of survey year,
patient, and hospital characteristics were included. Since
the distribution of total charges was non-normal and
skewed to the right, this variable was natural log trans-
formed for linear regression analyses. In addition, given
that descriptive analyses demonstrated a significantly
higher percent of our population as 65 or older and the
elderly are more likely to have negative health impacts
[31-33], a sensitivity analysis was performed in the afore-
mentioned adjusted models among patients aged 65
and older. Model building for all analyses included as-
sessment of assumptions and relevant interaction terms
(sociodemographic characteristics with hospital character-
istics), with significance established at P < .05. The study
was submitted to the University of Wisconsin-Madison

Institutional Review Board and was considered exempt
from review.

Results
A total of 593,038 pneumonia and 255,770 UTI discharges
were included in this study. Of them, 6,427 cases of
secondary CDI among pneumonia patients and 3,037
secondary CDI cases among UTI patients were noted,
representing 10.8 secondary CDI cases per 1,000 pneumo-
nia discharges and 11.1 secondary CDI cases per 1,000
UTI discharges.
Gender specific analyses found a total of 2,996 and 1,000

cases of secondary CDI among men with pneumonia and
UTI, respectively. Among women, 3,431 cases of secondary
CDI were noted among those hospitalized for pneumonia
and an additional 2,037 cases among those with primary
UTI. Table 1 summarizes the prevalence of secondary CDI,
patient, and hospital characteristics among primary pneu-
monia and UTI discharges, by gender. While rates of CDI
among those with pneumonia did not differ between each
gender, significant difference was noted for UTI patients,
with men reporting 13.3 cases of secondary CDI per 1,000
compared to 11.3 cases per 1,000 for women (P < 0.001).
As further noted in Table 1, several patient and hospital
characteristics were significantly different among men and
women and as a result all such variables were included in
final model building for regression analyses.
Table 2 displays the factors significantly associated

with secondary CDI among primary pneumonia and
UTI discharges. Among hospitalizations for pneumonia,
increased odds of CDI were associated with being 65 years
or older (adjusted odds ratio [aOR] for men = 1.7; aOR for
women = 1.9), having Medicare as the primary payer (aOR
men and women = 1.3), and increasing Charlson Deyo
index (aOR men = 1.5; aOR women = 1.8). CDI was also
significantly associated with high income (aOR = 1.3)
and Medicaid (aOR = 1.4) among men hospitalized for
pneumonia. Furthermore, for both men and women,
hospitalization at urban non-teaching facilities was as-
sociated with approximately 60% increased odds of CDI
while nearly double the odds were noted if hospitalized
at urban teaching centers. On the other hand, lower
odds were noted among men admitted at government
nonfederal hospitals, as compared to investor-owned
facilities (aOR = 0.7).
Similar trends were noted for UTI discharges. Being

65 years or older (aOR = 2.4 for men only), highest in-
come category (aOR = 1.5 for men only), increasing co-
morbidities (aOR men = 1.3; aOR women = 1.7), urban
teaching status (aOR men = 1.9; aOR women = 1.7), and
urban non-teaching status (aOR = 1.4 for women only)
were also significantly associated with increased likeli-
hood of secondary CDI.
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Table 1 Prevalence of CDI, patient and hospital characteristics among primary pneumonia and UTI discharges, NIS 2009-2011

Pneumonia UTI

Men Women P value Men Women P value

n 279,072 313,966 75,600 180,170

N 462,171 519,849 125,338 298,156

Prevalence of secondary CDI, cases per 1,000 10.7 10.9 0.52 13.3 11.3 <0.001

Patient Characteristics

Age, %

18-34 years old 5.7 5.0 3.2 3.8

35-49 years old 10.6 10.4 <0.001 6.3 5.4 <0.001

50-64 years old 22.4 21.2 15.7 11.8

65 years old or more 61.3 63.3 74.9 78.9

Race/ethnicity, %

White 75.4 75.5 71.8 74.9

Black 11.5 12.0 14.9 12.1

Hispanic 7.8 7.5 <0.001 8.7 8.3 <0.001

Asian or Pacific Islander 2.0 1.8 1.5 1. 7

Native American 0.8 0.8 0.6 0.6

Other 2.6 2.4 2.6 2.3

Charlson-Deyo Index, %

0 20.8 21.3 28.0 33.0

1 26.7 31.8 <0.001 23.5 27.3 <0.001

2 or more 52.5 46.8 48.5 39.8

Neighborhood income, %

$1 - $38,999 32.0 32.9 30.1 30.4

$39,000 - $47,999 27. 2 27.0 <0.001 24.9 25.4 0.009

$48,000 - 62,999 23.0 22.8 24.0 23.9

$63,000 or more 17.7 17.3 21.0 20.3

Payer type, %

Private including HMO 19.1 17.9 12.2 10.4

Medicare 64.5 66.7 77.2 79.6

Medicaid 8.4 9.8 <0.001 6.8 6.7 <0.001

Self-pay 4.8 3.6 1.8 2.1

No Charge 0.5 0.4 0.2 0.2

Other 2.6 1.7 1.7 1.0

Hospital Characteristics

Bed size, %

Small 19.0 19.7 16.4 16.8

Medium 24.9 25.2 <0.001 24.8 25.3 0.06

Large 56.1 55.2 58.8 57.9

Hospital control, %

Private, investor-own 14.4 14.7 15.3 16.2

Private, non-profit 71.0 71.3 0.001 70.8 71.3 <0.001

Government, nonfederal 14.6 14.0 13.9 12. 6
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Results of chi-square analyses demonstrated that in-
hospital mortality was higher among pneumonia patients
diagnosed with CDI, as compared to those without, for
both men (13% vs. 4%, P < 0.0001) and women (11% vs.
4%, P < 0.0001). A similar effect of CDI among UTI dis-
charges was noted in regards to in-hospital mortality
among men (4% vs. 1%, P < 0.0001) and women (3% vs.
1%, P < 0.0001).
Table 3 shows the results of regression analyses (un-

adjusted and adjusted) to evaluate the impact of CDI on
in-hospital mortality and resource utilization among
pneumonia and UTI cases. After adjusting for control
variables, in-hospital mortality was approximately three
times higher for pneumonia cases with CDI as compared
to those without CDI. Having CDI among men hospital-
ized for UTI also increased the likelihood of in-hospital
mortality by four times. Similarly, among women with
UTI, CDI was associated with three times the odds of
dying in the hospital.
Wilcoxon rank sum tests demonstrated that median

LOS was significantly longer in pneumonia cases with
CDI as compared to those without CDI for both men
and women (9 days vs. 4 days, P < 0.0001). Similar trends
were noted for UTI with or without CDI (7 days vs.
3 days, P < 0.0001). Adjusted results of negative binomial
regression analyses showed that having CDI for pneu-
monia and UTI discharges was associated with approxi-
mately 200% increased LOS (Table 3).
Among men with pneumonia, higher median total

charges ($104131 vs. $41157, P < 0.0001) were noted
upon presence of CDI, with a similar trend reported
among women ($96446 vs. $40700, P < 0.0001). Median
total charges were also substantially higher upon UTI
cases with CDI for both men ($63842 vs. $34182, P <
0.0001) and women ($33063 vs. $61577, P < 0.0001) as

well. Results from multiple linear regression analyses
showed that secondary CDI was significantly associated
with increased percent change in total charges for both
pneumonia and UTI cases. For example, presence of sec-
ondary CDI increased total charges by 80% and 75%
among men and women with pneumonia, respectively.
Similarly, CDI was associated with 59% and 57% increase
in total charges among men and women with UTI, re-
spectively (Table 3). After conducting a sensitivity analysis
among ages 65 and older, a similar trend persisted for
in-hospital mortality, LOS, and total charges (Table 4).
Cumulatively, presence of secondary CDI among pneu-
monia or UTI discharges was substantially associated
with increased in-hospital mortality and health resource
utilization.

Discussion
Our study found that CDI is highly prevalent in patients
with pneumonia or UTI and is associated with signifi-
cantly increased in-hospital mortality, LOS, and total
charges. To our knowledge, this study is the first of its
kind to examine secondary CDI using a nationally repre-
sentative dataset in patients with pneumonia or UTI, both
frequent conditions that often require hospitalization and
antimicrobial therapy.
In our analyses, the prevalence of CDI is considerably

higher compared to that reported among general hospi-
talized patients, but lower than prevalence noted among
those with conditions that may uniquely predispose pa-
tients to CDI, such as ulcerative colitis [11,12]. We also
found a gender difference in CDI prevalence, with higher
rates noted among men with UTI as compared to women.
Such gender differences may be attributable to differences
in antibiotic prescribing practices as duration of treatment
for men with UTI is generally longer [34-37]. Future

Table 1 Prevalence of CDI, patient and hospital characteristics among primary pneumonia and UTI discharges, NIS 2009-2011
(Continued)

Setting, %

Rural 22.1 22.7 16.6 17.8

Urban non-teaching 44.0 44.8 <0.001 44.9 46.3 <0.001

Urban teaching 33.9 32.5 38.4 35.8

Region, %

Northeast 18.8 18.0 22.1 19.9

Midwest 25.3 25.6 <0.001 22.5 22.7 <0.001

South 38.9 40.6 40.4 42.7

West 16.9 15.9 15.1 14.7

Year, %

2009 34.1 34.1 32.5 32.0

2010 32.3 32.1 0.24 34.0 33.3 0.005

2011 33.5 33.8 33.5 34.7

CDI = Clostridium difficile infection, UTI = Urinary tract infection, n = total sample size, N = weighted average annual population estimate, CI = confidence interval
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Table 2 Determinants of CDI among pneumonia and UTI discharges, NIS 2009-2011

Pneumonia UTI

Men Women Men Women

Patient characteristics

Age

18-34 years old (ref.)

35-49 years old 0.98 (0.74, 1.31) 0.84 (0.61, 1.14) 0.82 (0.49, 1.38) 1.49 (0.96, 2.33)

50-64 years old 1.27 (0.97, 1.65) 1.34 (1.00, 1.78) 0.84 (0.53, 1.33) 1.92 (1.19, 3.11)

65 years old or more 1.70 (1.28, 2.25)* 1.85 (1.40, 2.45)* 0.94 (0.61, 1.44) 2.41 (1.47, 3.95)*

Race/ethnicity

White (ref.)

Black 0.92 (0.79, 1.07) 1.02 (0.89, 1.16) 1.08 (0.87, 1.34) 1.01 (0.86, 1.18)

Hispanic 1.02 (0.86, 1.21) 0.84 (0.71, 1.00) 0.85 (0.63, 1.15) 0.88 (0.73, 1.08)

Asian/Pacific Islander 1.26 (0.97, 1.62) 0.91 (0.69, 1.20) 0.96 (0.55, 1.67) 0.88 (0.60, 1.28)

Native American 1.50 (0.86, 2.62) 0.84 (0.50, 1.43) 0.57 (0.14, 2.31) 0.66 (0.28, 1.56)

Other 1.14 (0.87, 1.50) 1.14 (0.87, 1.47) 1.24 (0.82, 1.87) 0.84 (0.58, 1.21)

Charlson-Deyo Index

0 (ref.)

1 0.98 (0.86, 1.13) 1.16 (1.02, 1.32) 0.88 (0.72, 1.09) 1.18 (1.03, 1.36)

2 or more 1.54 (1.36, 1.75)* 1.81 (1.59, 2.05)* 1.31 (1.10, 1.55)* 1.72 (1.53, 1.94)*

Neighborhood income

$1 - $38,999 (ref.)

$39,000 - $47,999 1.08 (0.96, 1.23) 1.07 (0.95, 1.21) 1.09 (0.86, 1.37) 0.89 (0.77, 1.03)

$48,000 - 62,999 1.12 (0.98, 1.27) 1.10 (0.97, 1.25) 1.29 (1.04, 1.59) 1.17 (1.01, 1.36)

$63,000 or more 1.30 (1.13, 1.49)* 1.23 (1.07, 1.43) 1.52 (1.21, 1.90)* 1.17 (0.98, 1.39)

Payer type

Private including HMO (ref.)

Medicare 1.32 (1.15, 1.51)* 1.26 (1.09, 1.45)* 1.21 (0.95, 1.55) 0.90 (0.74, 1.10)

Medicaid 1.38 (1.14, 1.68)* 1.19 (0.98, 1.45) 1.04 (0.72, 1.50) 1.00 (0.78, 1.28)

Self-pay 0.69 (0.49, 0.96) 0.87 (0.61, 1.23) 0.25 (0.08, 0.78) 0.53 (0.30, 0.94)

No Charge 1.28 (0.66, 2.50) 0.54 (0.17, 1.72) 0.74 (0.13, 4.42) 0.38 (0.05, 2.75)

Other 1.10 (0.81, 1.49) 1.08 (0.70, 1.67) 0.86 (0.44, 1.67) 0.51 (0.26, 1.03)

Hospital characteristics

Bed size

Small (ref.)

Medium 0.92 (0.78, 1.09) 1.03 (0.88, 1.20) 1.02 (0.80, 1.30) 0.88 (0.74, 1.04)

Large 1.09 (0.94, 1.27) 1.17 (1.01, 1.35) 1.19 (0.96, 1.48) 0.97 (0.83, 1.14)

Hospital control

Private investor-own (ref.)

Private non-profit 0.79 (0.68, 0.92) 0.86 (0.74, 1.00) 1.01 (0.79, 1.28) 1.15 (0.96, 1.37)

Government nonfederal 0.68 (0.55, 0.84)* 0.76 (0.63, 0.93) 0.88 (0.63, 1.23) 1.06 (0.84, 1.35)

Setting

Rural (ref.)

Urban non-teaching 1.63 (1.36, 1.96)* 1.66 (1.40, 1.98)* 1.63 (1.20, 2.20) 1.42 (1.16, 1.73)*

Urban teaching 2.05 (1.71, 2.47)* 1.92 (1.60, 2.30)* 1.92 (1.42, 2.61)* 1.74 (1.42, 2.14)*
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prospective studies should further corroborate these find-
ings and explore underlying mechanisms.
A major finding in our study was that LOS was dou-

bled for both men and women with secondary CDI as
compared to those without. Moreover, at least 75% and
55% increases in total charges were noted among pneumo-
nia and UTI patients with CDI, respectively. In-hospital
mortality was also substantially higher among patients in
secondary CDI as compared to those without. Our findings
on the negative impact of CDI on patient and hospital
outcomes are in line with results noted among other
patient populations with CDI, such as inflammatory bowel
disease, solid organ transplant, and end stage renal failure
[11-14]; reflecting the substantial burden of CDI in vulner-
able patients.

We identified a number of hospital and patient charac-
teristics associated with CDI in patients with primary
pneumonia or UTI. Consistent with our results, previous
studies have reported a greater risk of CDI with increas-
ing age [29,38]. A study assessing C. difficile colitis case
fatality rate also noted higher rates among those in
Medicare and Medicaid [30], demonstrating the negative
burden of CDI among patients with such insurance
status, similar to trends noticed in our findings. We
hypothesize that given that Medicare patients are elderly,
they may be at a greater risk of negative outcomes and thus
the result noted in our study. In addition, Medicaid has
traditionally been for low income populations, and thus
limited resources, budget constraints, restrictions, etc.
could contribute to the negative rates. Not surprisingly

Table 3 Regression analyses of in-hospital mortality and health resource utilization upon secondary CDI among patients with pneu-
monia or urinary tract infectiona

In-hospital mortality Health resource utilization

OR (95% CI) Length of stay Total charge

IRR (95% CI) % change (95% CI)

Unadjusted Adjustedb Unadjusted Adjustedb Unadjusted Adjustedb

Primary pneumonia with secondary CDIc

Women 3.42 2.84 2.40 2.29 86.14 74.9

(3.03, 3.86)* (2.51, 3.21)* (2.30, 2.50)* (2.19, 2.39)* (80.36, 91.92)* (70.66, 79.20)*

Men 3.70 3.15 2.54 2.40 93.65 80.00

(3.28, 4.17)* (2.79, 3.55)* (2.43, 2.66)* (2.30, 2.52)* (87.93, 99.38)* (75.56, 84.48)*

Primary UTI with secondary CDId

Women 3.69 3.39 2.19 2.11 62.93 56.92

(2.82, 4.84)* (2.58, 4.44)* (2.06, 2.32)* (1.99, 2.24)* (57.08, 68.78)* (52.41, 61.44)*

Men 4.05 4.13 2.14 2.13 67.37 59.34

(2.89, 5.67)* (2.95, 5.78)* (1.99, 2.29)* (1.99, 2.29)* (59.23, 75.50)* (52.30, 66.38)*

*Bonferroni adjusted P < 0.0017
CDI = Clostridium difficile infection, UTI = Urinary tract infection, OR = odds ratio, CI = confidence interval, IRR = incidence rate ratio
aBinary logistic regression for in-hospital mortality, negative binomial regression for length of stay, linear regression for total charges. All procedures were
survey weighted
bModel adjusted for patient characteristics, hospital characteristics, and year
cReference = primary pneumonia no secondary CDI
dReference = UTI no secondary CDI

Table 2 Determinants of CDI among pneumonia and UTI discharges, NIS 2009-2011 (Continued)

Region

Northeast (ref.)

Midwest 0.94 (0.79, 1.11) 0.87 (0.73, 1.04) 0.99 (0.79, 1.23) 1.04 (0.86, 1.25)

South 0.79 (0.68, 0.91) 0.78 (0.66, 0.92) 0.82 (0.66, 1.01) 0.81 (0.68, 0.96)

West 0.83 (0.70, 0.97) 0.82 (0.69, 0.98) 0.78 (0.61, 1.01) 0.87 (0.72, 1.05)

Year

2009 (ref.)

2010 1.10 (0.97, 1.24) 0.96 (0.85, 1.08) 1.11 (0.93, 1.32) 1.03 (0.90, 1.19)

2011 1.06 (0.94, 1.20) 0.95 (0.84, 1.06) 1.06 (0.89, 1.26) 1.01 (0.88, 1.16)

CDI = Clostridium difficile infection, UTI = Urinary tract infection
*Bonferroni adjusted P < 0.0017
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and in keeping with other studies, we found that in-
creasing number of comorbidities, as reflected by the
Charlson Deyo index, was associated with a greater risk
for CDI [30].
We also reported higher odds of secondary CDI among

urban hospitals. Possible reasons include greater complexity
of illness or higher antibiotic prescribing practices among
urban hospitals [39], though some researchers have il-
lustrated the opposite [40] or non-significant differences
between urban or rural settings [41]. Future studies to
examine this issue with additional ways to account for
case mix are needed. Our findings of worse outcomes in
this large swath of hospitalized patients suggest opportun-
ities for both infection prevention and stewardship in this
population.
Our findings have major implications for clinicians and

healthcare institutions and add to the body of literature on
the prevalence and impact of CDI. The substantial nega-
tive impact of secondary CDI on in-hospital mortality and
health resource utilization emphasizes that those hospital-
ized for pneumonia or UTI represent high-risk patient
populations for CDI and should be included in CDI pre-
ventive efforts. Opportunities for optimizing antimicrobial
therapy use among patients to reduce such burden exists,
such as severity-based treatment, de-escalation as appro-
priate, and adherence to treatment guidelines for choice
and duration of anti-infectives [42,43]. Future studies to
examine interventions for reducing the risk of and mitigat-
ing the consequences of CDI in patients with pneumonia
and UTI are urgently needed.
Our results should be interpreted in the context of study

limitations. Given that NIS does not provide patient iden-
tifiable information, such ICD-9-CM codes could not be

cross-validated with laboratory results. Previous research,
however, has shown the validity and use of such codes for
CDI detection [44,45]. Second, the unit of observation in
NIS is discharges and not individual patients; therefore re-
sults of this study cannot assess the impact of initial versus
recurrent CDI. Third, while patient level characteristics,
such as age, gender, race/ethnicity, payer type, and neigh-
borhood income based on zip codes are included in the
NIS dataset, other social or medical determinants, such as
health literacy, education, dietary factors and treatments,
including outpatient procedures, could not be evaluated.

Conclusion
In our study, using the largest inpatient data in the
United States, we demonstrated that men have a signifi-
cantly higher prevalence of CDI, as compared to women.
CDI was also associated with increased in-hospital mor-
tality for both pneumonia and UTI patients, as well as
increased LOS and total charges; further highlighting the
negative impact of CDI and imperative need for prevent-
ive measures.
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Inpatient Sample; UTI: Urinary tract infection.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
NS was the principal investigator of the study and was responsible for content
development, data interpretation, and manuscript development. MBB conducted
data analysis, data interpretation, and manuscript preparation. BJB conducted data
analysis and aided in data interpretation and manuscript development. JEB aided
in data interpretation and manuscript development. All authors (MBB, BJB, JEB,
and NS) significantly contributed to data interpretation and manuscript
development and final approval.

Acknowledgements
Nasia Safdar is supported by a VA MERIT award and is a GEMSSTAR recipient
from the National Institutes of Health.

Author details
1Department of Health Science and Human Ecology, California State
University, San Bernardino, USA. 2William S Middleton Memorial Veterans
Hospital, Madison, Wisconsin, USA. 3Primary Address: 5500 University
Parkway, San Bernardino, CA 92407, USA. 4School of Public Health, Loma
Linda University, Primary Address: 24951 North Circle Drive, Loma Linda, CA
92350, USA. 5University of Wisconsin, Primary Address: 1685 Highland Ave.,
Madison, Wisconsin 53705, USA.

Received: 13 January 2015 Revised: 14 January 2015
Accepted: 1 April 2015

References
1. Miller BA, Chen LF, Sexton DJ, Anderson DJ. Comparison of the burdens of

hospital-onset, healthcare facility-associated clostridium difficile infection and
of healthcare-associated infection due to methicillin-resistant staphylococcus
aureus in community hospitals. Infect Control Hosp Epidemiol Off J Soc Hosp
Epidemiol Am. 2011;32(4):387–90.

Table 4 Regression analyses of in-hospital mortality and health
resource utilization upon secondary CDI among patients ages
65+ with pneumonia or urinary tract infectiona

In-hospital
mortality

Health resource utilization

Length of stay Total charge

OR (95% CI)b IRR (95% CI)b % change (95% CI)b

Primary pneumonia with secondary CDIc

Women 2.67 (2.34, 3.05)* 2.18 (2.08, 2.29)* 71.04 (66.4, 75.73)*

Men 3.06 (2.69, 3.48)* 2.25 (2.14, 2.35)* 74.52 (69.76, 79.27)*

Primary UTI with secondary CDId

Women 3.59 (2.73, 4.71)* 2.06 (1.94, 2.18)* 54.99 (50.20, 59.78)*

Men 4.35 (3.07, 6.16)* 2.07 (1.93, 2.23)* 57.13 (49.17, 65.08)*

*Bonferroni adjusted P < 0.0017
CDI = Clostridium difficile infection, UTI = Urinary tract infection, OR = odds ratio,
CI = confidence interval, IRR = incidence rate ratio
aBinary logistic regression for in-hospital mortality, negative binomial regression
for length of stay, linear regression for total charges. All procedures were
survey weighted
bModel adjusted for patient characteristics, hospital characteristics, and year
cReference = primary pneumonia no secondary CDI
dReference = UTI no secondary CDI

Becerra et al. BMC Infectious Diseases  (2015) 15:254 Page 8 of 9



2. Lessa FC, Gould CV, McDonald LC. Current status of clostridium difficile
infection epidemiology. Clin Infect Dis Off Publ Infect Dis Soc Am. 2012;55
Suppl 2:S65–70.

3. Goudarzi M, Seyedjavadi SS, Goudarzi H, Mehdizadeh Aghdam E, Nazeri S.
Clostridium difficile infection: epidemiology, pathogenesis, risk factors, and
therapeutic options. Scientifica. 2014;2014, e916826.

4. Campbell RJ, Giljahn L, Machesky K, Cibulskas-White K, Lane LM, Porter K, et al.
Clostridium difficile infection in Ohio hospitals and nursing homes during 2006.
Infect Control Hosp Epidemiol Off J Soc Hosp Epidemiol Am. 2009;30(6):526–33.

5. Yearsley KA, Gilby LJ, Ramadas AV, Kubiak EM, Fone DL, Allison MC. Proton
pump inhibitor therapy is a risk factor for clostridium difficile-associated
diarrhoea. Aliment Pharmacol Ther. 2006;24(4):613–9.

6. Dial S, Alrasadi K, Manoukian C, Huang A, Menzies D. Risk of Clostridium
difficile diarrhea among hospital inpatients prescribed proton pump
inhibitors: cohort and case–control studies. Can Med Assoc J. 2004;171(1):33–8.

7. Cunningham R, Dale B, Undy B, Gaunt N. Proton pump inhibitors as a risk
factor for clostridium difficile diarrhoea. J Hosp Infect. 2003;54(3):243–5.

8. Norén T, Tang-Feldman YJ, Cohen SH, Silva J, Olcén P. Clindamycin resistant
strains of Clostridium difficile isolated from cases of C. difficile associated
diarrhea (CDAD) in a hospital in Sweden. Diagn Microbiol Infect Dis.
2002;42(2):149–51.

9. Brown KA, Khanafer N, Daneman N, Fisman DN. Meta-analysis of antibiotics
and the risk of community-associated Clostridium difficile infection. Antimicrob
Agents Chemother. 2013;57(5):2326–32.

10. Ricciardi R, Ogilvie JW, Roberts PL, Marcello PW, Concannon TW, Baxter NN.
Epidemiology of Clostridium difficile colitis in hospitalized patients with
inflammatory bowel diseases. Dis Colon Rectum. 2009;52(1):40–5.

11. Nguyen GC, Kaplan GG, Harris ML, Brant SR. A National Survey of the
Prevalence and Impact of Clostridium difficile Infection Among Hospitalized
Inflammatory Bowel Disease Patients. Am J Gastroenterol. 2008;103(6):1443–50.

12. Ananthakrishnan AN, McGinley EL, Binion DG. Excess hospitalisation burden
associated with Clostridium difficile in patients with inflammatory bowel
disease. Gut. 2008;57(2):205–10.

13. Pant C, Deshpande A, Anderson MP, Sferra TJ. Clostridium difficile infection
is associated with poor outcomes in end-stage renal disease. J Investig Med
Off Publ Am Fed Clin Res. 2012;60(2):529–32.

14. Pant C, Anderson MP, O’Connor JA, Marshall CM, Deshpande A, Sferra TJ.
Association of Clostridium difficile infection with outcomes of hospitalized
solid organ transplant recipients: results from the 2009 Nationwide Inpatient
Sample database. Transpl Infect Dis Off J Transplant Soc. 2012;14(5):540–7.

15. Redelings MD, Sorvillo F, Mascola L. Increase in Clostridium difficile-related
mortality rates, United States, 1999–2004. Emerg Infect Dis. 2007;13(9):1417–9.

16. Polgreen PM, Chen YY, Cavanaugh JE, Ward M, Coffman S, Hornick DB, et al.
An outbreak of severe Clostridium difficile-associated disease possibly
related to inappropriate antimicrobial therapy for community-acquired
pneumonia. Infect Control Hosp Epidemiol Off J Soc Hosp Epidemiol
Am. 2007;28(2):212–4.

17. Agency for Healthcare Research and Quality. Introduction to the HCUP
Nationwide Inpatient Sample (NIS) [Internet]. 2013. Available from: http://
www.hcup-us.ahrq.gov/db/nation/nis/NIS_Introduction_2011.pdf

18. Thompson DA, Makary MA, Dorman T, Pronovost PJ. Clinical and Economic
Outcomes of Hospital Acquired Pneumonia in Intra-Abdominal Surgery Patients.
Ann Surg. 2006;243(4):547–52.

19. Brinjikji W, Kallmes DF, Cloft HJ. Trends in epistaxis embolization in the
United States: a study of the Nationwide Inpatient Sample 2003–2010. J
Vasc Interv Radiol JVIR. 2013;24(7):969–73.

20. Kronman MP, Gerber JS, Prasad PA, Adler AL, Bass JA, Newland JG, et al.
Variation in Antibiotic Use for Children Hospitalized With Inflammatory
Bowel Disease Exacerbation: A Multicenter Validation Study. J Pediatr Infect
Dis Soc. 2012;1(4):306–13.

21. Morton J, Anastassopoulos KP, Patel ST, Lerner JH, Ryan KJ, Goss TF, et al.
Frequency and outcomes of blood products transfusion across procedures
and clinical conditions warranting inpatient care: an analysis of the 2004
healthcare cost and utilization project nationwide inpatient sample
database. Am J Med Qual. 2010;25(4):289–96.

22. Banta JE, Joshi KP, Beeson L, Nguyen HB. Patient and hospital characteristics
associated with inpatient severe sepsis mortality in California, 2005–2010.
Crit Care Med. 2012;40(11):2960–6.

23. Becerra BJ, Becerra MB, Safdar N. A Nationwide Assessment of the Burden
of Urinary Tract Infection among Renal Transplant Recipients. J Transplant.
2015;2015, e854640.

24. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation.
J Chronic Dis. 1987;40(5):373–83.

25. Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidity index for use
with ICD-9-CM administrative databases. J Clin Epidemiol. 1992;45(6):613–9.

26. Quan H, Sundararajan V, Halfon P, Fong A, Burnand B, Luthi J-C, et al. Coding
algorithms for defining comorbidities in ICD-9-CM and ICD-10 administrative
data. Med Care. 2005;43(11):1130–9.

27. US Department of Commerce, Bureau of Economic Analysis. Bureau of
Economic Analysis [Internet]. 2014 [cited 2014 Jul 30]. Available from: http://
www.bea.gov/iTable/iTable.cfm?reqid=9&step=3&isuri=1&904=2009&903=4&
906=q&905=2014&910=x&911=0#reqid=9&step=3&isuri=1&904=2009&
903=4&906=q&905=2014&910=x&911=0.

28. Boone JH, Goodykoontz M, Rhodes SJ, Price K, Smith J, Gearhart KN, et al.
Clostridium difficile prevalence rates in a large healthcare system stratified
according to patient population, age, gender, and specimen consistency.
Eur J Clin Microbiol Infect Dis Off Publ Eur Soc Clin Microbiol.
2012;31(7):1551–9.

29. Henrich TJ, Krakower D, Bitton A, Yokoe DS. Clinical Risk Factors for Severe
Clostridium difficile-associated Disease. Emerg Infect Dis. 2009;15(3):415–22.

30. Ricciardi R, Rothenberger DA, Madoff RD, Baxter NN. Increasing prevalence
and severity of clostridium difficile colitis in hospitalized patients in the
United States. Arch Surg. 2007;142(7):624–31.

31. Piccirillo JF, Vlahiotis A, Barrett LB, Flood KL, Spitznagel EL, Steyerberg EW.
The changing prevalence of comorbidity across the Age spectrum. Crit Rev
Oncol Hematol. 2008;67(2):124–32.

32. Soares M, Salluh JIF, Spector N, Rocco JR. Characteristics and outcomes of
cancer patients requiring mechanical ventilatory support for >24 hrs. Crit
Care Med. 2005;33(3):520–6.

33. Freitas A, Silva-Costa T, Lopes F, Garcia-Lema I, Teixeira-Pinto A, Brazdil P,
et al. Factors influencing hospital high length of stay outliers. BMC Health
Serv Res. 2012;12(1):265.

34. Grigoryan L, Trautner BW, Gupta K. Diagnosis and management of urinary tract
infections in the outpatient setting: a review. JAMA. 2014;312(16):1677–84

35. Hooton TM, Bradley SF, Cardenas DD, Colgan R, Geerlings SE, Rice JC, et al.
Infectious Diseases Society of America. Diagnosis, prevention, and treatment
of catheter-associated urinary tract infection in adults: 2009 International
Clinical Practice Guidelines from the Infectious Diseases Society of America.
Clin Infect Dis. 2010;50(5):625–63.

36. Naber KG. Treatment options for acute uncomplicated cystitis in adults.
J Antimicrob Chemother. 2000;46 Suppl 1:23–7. discussion 63–5.

37. Mehnert-Kay SA. Diagnosis and management of uncomplicated urinary tract
infections. Am Fam Physician. 2005;72(3):451–6.

38. Lessa FC, Mu Y, Winston L, Dumyati G, Farley MM, Beldavs Z, et al. Determinants
of Clostridium difficile Infection Incidence Across Diverse U.S. Geographic
Locations. Open Forum Infect Dis. 2014;1(2) doi:10.1093/ofid/ofu048.

39. Mainous A, Hueston W, Clark J. Antibiotics and upper respiratory infection:
do some folks think there is a cure for the common cold. J Fam Pract.
1996;42(4):357–61.

40. Gonzales R, Steiner JF, Sande MA. Antibiotic prescribing for adults with
colds, upper respiratory tract infections, and bronchitis by ambulatory care
physicians. JAMA. 1997;278(11):901–4.

41. Steinman MA, Landefeld CS, Gonzales R. Predictors of broad-spectrum antibiotic
prescribing for acute respiratory tract infections in adult primary care. JAMA J Am
Med Assoc. 2003;289(6):719–25.

42. Cohen SHMD, Gerding DNMD, Stuart Johnson M, Kelly CPMD, Loo VGMD,
McDonald LCMD, et al. Clinical Practice Guidelines for Clostridium difficile
Infection in Adults: 2010 Update by the Society for Healthcare
Epidemiology of America (SHEA) and the Infectious Diseases Society of
America (IDSA) •. Infect Control Hosp Epidemiol. 2010;31(5):431–55.

43. Surawicz CM, Brandt LJ, Binion DG, Ananthakrishnan AN, Curry SR, Gilligan
PH, et al. Guidelines for diagnosis, treatment, and prevention of Clostridium
difficile infections. Am J Gastroenterol. 2013;108(4):478–98. quiz 499.

44. Scheurer DB, Hicks LS, Cook EF, Schnipper JL. Accuracy of ICD-9 coding for
Clostridium difficile infections: a retrospective cohort. Epidemiol Infect.
2007;135(6):1010–3.

45. Dubberke ER, Reske KA, McDonald LC, Fraser VJ. ICD-9 codes and surveillance
for Clostridium difficile-associated disease. Emerg Infect Dis. 2006;12(10):1576–9.

Becerra et al. BMC Infectious Diseases  (2015) 15:254 Page 9 of 9

http://www.hcup-us.ahrq.gov/db/nation/nis/NIS_Introduction_2011.pdf
http://www.hcup-us.ahrq.gov/db/nation/nis/NIS_Introduction_2011.pdf
http://www.bea.gov/iTable/iTable.cfm?reqid=9&step=3&isuri=1&904=2009&903=4&906=q&905=2014&910=x&911=0#reqid=9&step=3&isuri=1&904=2009&903=4&906=q&905=2014&910=x&911=0
http://www.bea.gov/iTable/iTable.cfm?reqid=9&step=3&isuri=1&904=2009&903=4&906=q&905=2014&910=x&911=0#reqid=9&step=3&isuri=1&904=2009&903=4&906=q&905=2014&910=x&911=0
http://www.bea.gov/iTable/iTable.cfm?reqid=9&step=3&isuri=1&904=2009&903=4&906=q&905=2014&910=x&911=0#reqid=9&step=3&isuri=1&904=2009&903=4&906=q&905=2014&910=x&911=0
http://www.bea.gov/iTable/iTable.cfm?reqid=9&step=3&isuri=1&904=2009&903=4&906=q&905=2014&910=x&911=0#reqid=9&step=3&isuri=1&904=2009&903=4&906=q&905=2014&910=x&911=0

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Data source
	Data collection and study definitions
	Statistical analyses

	Results
	Discussion
	Conclusion
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References



