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Objective: To investigate the association of Clostridium difficile in-
fection (CDI) with the outcomes of hospitalized patients with end-stage
renal disease (ESRD).
Methods: We extracted all adult cases with a discharge diagnosis of
ESRD or CDI from the United States Nationwide Inpatient Sample 2009
database. Outcome variables (mortality, length of hospital stay [LOS],
and hospitalization charges), demographic information, and comorbidity
data were collected. Data were evaluated by univariate and multiple re-
gression analyses.
Results: We identified 184,139 cases with ESRD of which 2.8% had
CDI. Comparison of patients with ESRD + CDI to those with only ESRD
revealed in-hospital mortality (13.2% vs 5.3%; P G 0.001), LOS (17.3 vs
7.1 days; P G 0.001), and charges ($124,846 vs $56,663; P G 0.001) to be
more than 2-fold greater. In the ESRD cohort (ESRD only and ESRD +
CDI), CDI was independently associated with greater mortality (adjusted
odds ratio, 2.15; 95% CI, 2.07Y2.24; P G 0.001), longer LOS (mean
difference, 9.4 days; 95% CI, 9.2Y9.5; P G 0.001), and higher charges
(mean difference, $62,824; 95% CI, 61,615Y64,033; P G 0.001).
Conclusions: Clostridium difficile infection is associated with signif-
icantly worse outcomes in hospitalized patients with ESRD.
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Clostridium difficile infection (CDI) is a leading cause of
nosocomial diarrhea1 and is associated with significant mor-

bidity and mortality in hospitalized individuals.2 During the past
few years, multiple studies have demonstrated a complex inter-
relationship between this infection and chronic diseases. Several
disorders including cancer, organ transplantation, and inflam-
matory bowel disease have been shown to confer an increased
risk of acquiring CDI.3 Moreover, these disorders might predis-
pose patients to the development of more severe CDI (eg, ful-
minant colitis). Similarly, CDI seems to be associated with worse
overall outcomes in patients with a preexisting significant dis-
ease burden as recently reported for cirrhosis.4

Chronic kidney disease (CKD) is one of the most common
chronic medical conditions affecting the general population; in

the United States, this disease affects approximately 13% of
adults.5 Despite the impact of CKD on the health of the popu-
lation, the relationship of CDI and this disorder is not well un-
derstood. Data from individual, but not all, single-center studies
suggest that patients with CKD are at an increased risk of ac-
quiring CDI and have greater mortality associated with this in-
fection.6Y8 Recently, Eddi et al9 demonstrated that only a subset
of patients with CKD, those with end-stage renal disease (ESRD),
is at an increased risk of acquiring CDI (odds ratio [OR], 2.60;
95% CI, 1.25Y5.41; P = 0.0165). However, the clinical impli-
cations of CDI in the ESRD population have not been thor-
oughly evaluated. Thus, we used a US nationwide inpatient
hospital database to determine whether CDI is associated with
adverse outcomes in hospitalized patients with ESRD.

MATERIALS AND METHODS

Data Source
For this study, we used the Nationwide Inpatient Sample

(NIS) database for the year 2009. The NIS is part of the Health-
care Cost and Utilization Project sponsored by the Agency for
Healthcare Research and Quality. The NIS contains data from
a 20% sample of US hospitals from 44 states (in 2009). Indi-
vidual hospitalizations (ie, discharge level, not patient level in-
formation is collected) are de-identified and maintained in the
NIS as a unique entry with 1 primary discharge diagnosis and
up to 24 secondary diagnoses. Each entry also contains demo-
graphic details and hospitalization mortality, total charges, and
length of stay (LOS). Discharge weights are provided in the NIS
core file to generate national level estimates of the collected data.

Variable Definition
The predictor variables in this study were the presence

of ESRD or CDI. We used the International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM)
diagnostic codes to identify and evaluate cases with these di-
agnoses in the NIS database. We extracted all entries with a
primary or secondary discharge diagnosis of ESRD (ICD-9-CM
code 585.6) or CDI (008.45). These codes have been used in
previous studies to identify cases of ESRD10 and CDI.11 Dis-
charge entries with the diagnosis of ESRD were evaluated for
associated hemodialysis (39.95) and peritoneal dialysis (54.98)
procedure codes. The main outcome variables of in-hospital mor-
tality, length of hospital stay, and hospitalization charges were
collected. Age, sex, race, insurance status, and geographic lo-
cation were obtained for the extracted cases. To evaluate the ef-
fect of comorbid conditions, we identified the presence of the
most common infections in ESRD patients, pneumonia (480Y
487), urinary tract infection (UTI; 590.x), and blood stream
infection (BSI; bacteremia, 790.7; dialysis catheter-related in-
fections, 996.62).12,13 In addition, as a global comorbid disease
measure, we collected the diagnoses within the Charlson co-
morbidity index (Deyo modification).14,15 This is a widely used
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index to measure comorbid disease burden.4 The index includes
17 disease states not including pneumonia, UTI, or BSI. Higher
scores indicate a greater burden of comorbidity. We modified
the total comorbidity score to exclude kidney-related comorbid
conditions.

Statistical Analysis
The extracted cases were placed into 3 mutually exclusive

groups: (1) patients with a primary or secondary discharge di-
agnosis of ESRD but not CDI (ESRD only), (2) patients with a
primary or secondary discharge diagnosis of both ESRD and
CDI (ESRD + CDI), and (3) patients with a primary or second-
ary discharge diagnosis of CDI but not ESRD (CDI only).

Statistical analyses were performed using SAS version 9.2
(SAS institute, Cary, NC). Our primary intent was to examine
the effect of a concomitant diagnosis of C. difficile infection
on hospitalization outcomes in ESRD. Discharge weights were
used to generate national level estimates. W2 tests and analysis
of variance were used to compare categorical and continuous
variables, respectively, among the 3 groups. Univariate regres-
sion was used to identify outcome predictors for mortality and
analyze LOS and hospital charges. Outcome variables found to
be significant at P G 0.05 were used in multiple regression anal-
yses; a logistic regression model was used for the dichotomous
variable of in-hospital mortality, and linear regression models
were used for the continuous variables of LOS and hospitaliza-
tion charges. Adjusted odds ratios (aORs) and adjusted regres-
sion coefficients were generated. The threshold for significance
for these analyses was P G 0.05.

RESULTS
We identified 184,139 cases with ESRD within the data-

base of which 2.8% also had a discharge diagnosis of CDI. In
addition, 59,793 cases of CDI without ESRD were identified.
For the ESRD cases, 76.5% had associated hemodialysis and
2.6% peritoneal dialysis procedure codes. In the remaining cases
(20.9%), the dialysis modality was not available as a discharge
procedure code. The incidence of CDI was similar in the he-
modialysis and peritoneal dialysis groups (3.0% vs 3.4%; P =
0.076). As shown in Table 1, there were significant differences in
age, race, comorbid diseases, and, important to this study, out-
comes between cases with both ERSD and CDI (ESRD + CDI)
and those with ESRD alone (ESRD only). The proportion of in-
hospital mortality in patients with ESRD + CDI was more than
double that of the patients with ESRD only (P G 0.001). The
LOS was more than twice as long in those with ESRD + CDI
compared to those without CDI (P G 0.001). Similarly, hospi-
tal charges were approximately 2-fold greater in patients with
ESRD + CDI (P G 0.001). In addition, for all three of these
measures, ESRD + CDI had worse outcomes than those with
CDI only (P G 0.001).

To more specifically evaluate the effect of CDI in hospi-
talized patients with ESRD, we analyzed the outcomes of the
cohort of ESRD (ESRD only and ESRD + CDI) cases. On uni-
variate analysis a coexisting diagnosis of C. difficile in those
with ESRD was associated with significantly greater mortality
(odds ratio [OR], 2.70; 95% confidence interval [CI], 2.60Y2.80;
P G 0.001). We next performed multiple logistic analyses us-
ing the variables found to have a significant association with

TABLE 1. Cases, Demographic Details, Comorbid Conditions, and Outcomes of Patients With ESRD and CDI

ESRD Only ESRD + CDI CDI Only
Comparison: ESRD Only,

ESRD + CDI
Comparison: CDI Only,

ESRD + CDI

Cases (Discharges), n
Unweighted 178,988 5151 59,793
Weighted 901,205 25,935 302,117

Age, mean T SD, yrs 61 T 16 66 T 14 70 T 17 G0.001 G0.001
Sex, %
Male 52 51 42 0.01 G0.001
Female 48 49 58 0.01 G0.001

Race, %
White 38.1 46.5 67.1 G0.001 G0.001
African American 28.6 23.6 8.8 G0.001 G0.001
Hispanic 13.7 12.1 6.4 G0.001 G0.001
Other 6.8 6.9 4.5 0.431 G0.001
Missing 12.8 10.9 13.2

Charlson Index, %
0 15.4 11.9 22.5 G0.001 G0.001
1 22.6 22.5 25.6 0.778 G0.001
2 25.4 24.4 23.5 G0.001 0.002
Q3 36.6 41.1 28.3 G0.001 G0.001

Infection, %
UTI 9.3 21.6 27.8 G0.001 G0.001
Pneumonia 11.2 20.2 18.4 G0.001 G0.001
BSI 6.9 2.6 9.4 G0.001 G0.001

Outcome
Mortality, % 5.3 13.2 8.9 G0.001 G0.001
LOS, mean, d 7.1 17.3 12.4 G0.001 G0.001
Charges, mean, $ 56,663 124,846 79,327 G0.001 G0.001
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greater mortality on univariate analysis including age, sex, race,
insurance status, geographic location, pneumonia, UTI, BSI, and
Charlson comorbidity index. After adjusting for the indicated
variables in a multiple logistic regression model, CDI remained
independently associated with in-hospital mortality (aOR, 2.15;
95% CI, 2.07Y2.24; P G 0.001; Table 2). Other independent
variables significantly associated with in-hospital mortality in-
cluded advanced age, a greater comorbid burden, and the pres-
ence of UTI, BSI, and pneumonia (Table 2). Sex and insurance
status did not remain significantly associated with mortality in
the final regression model. Among racial groups, Hispanic pa-
tients had the lowest mortality (aOR, 0.82; 95% CI, 0.80Y0.85;
P G 0.001; reference group, whites). Patients from the Midwest
region had a lower mortality than patients from the Northeast
(aOR, 0.80; 95% CI, 0.78Y0.83; P G 0.001).

Additionally, multiple linear regression modeling revealed
that compared to patients with only ESRD, patients with ESRD +
CDI experienced significantly longer hospitalizations (mean
difference, 9.4 days, 95% CI, 9.2Y9.5; P G 0.001) and greater
hospital charges (mean difference, $62,824; 95% CI, 61,615Y
64,033; P G 0.001).

To help address whether our logistic multiple regression
model accounted for all variables significantly associated with
mortality, we performed a secondary analysis including LOS,
one of our outcome variables, in the model. This was based on
the postulate that a situation leading to a prolonged hospital stay
might be associated with increased mortality, whereas the longer
hospitalization itself increased the risk of CDI. To this end, we
found that LOS was associated with a slight increase in mortal-
ity (aOR, 1.02; 95% CI, 1.02Y1.02; P G 0.001). However, CDI
remained significantly associated with mortality (aOR, 1.71;
95% CI, 1.64Y1.78; P G0 .001) when LOS was adjusted for in
the logistic multiple regression model for mortality.

DISCUSSION
In this study, our goal was to evaluate the effect of CDI

on the hospital outcomes of patients with ESRD. Therefore, we
interrogated a database containing information from approxi-
mately 8 million hospital stays from 1000 hospitals for all cases
of ESRD and CDI and extracted information regarding out-
comes and potential confounding variables. The database used

in this study (NIS) has been used in a similar manner by
other investigators.4,10 Major strengths of this database include
a large number of entered cases, the unbiased manner in which
the data are collected (eg, all payers, no a priori plan for data
analysis), the inclusion of cases from hospitals throughout the
United States including public hospitals and academic medi-
cal centers, and the ability to adjust the data to achieve national
level estimates.

Multiple regression analyses of the extracted data demon-
strates that CDI is associated with approximately 2 times greater
in-hospital mortality, 9.5 days longer hospital stay, and $63,000
in additional charges in patients with ESRD. We feel these re-
sults are robust in that we evaluated a large number of cases and
controlled for variables that might affect patient outcomes such
as age, sex, geographic location, insurance status, race, com-
mon infections, and comorbid disease burden. We did not per-
form secondary analyses to evaluate the association of adverse
outcomes with dialysis modality owing to the large amount of
missing data. In this regard, the calculated incidence of CDI in
the cases with hemodialysis and peritoneal dialysis procedure
codes must be interpreted with caution. We used the Charlson
comorbidity index as a means to measure overall disease bur-
den; however, this index might be insufficient to account for
all the comorbidities in the patient cohort4,15 and is a limitation
of this study. To partially address this limitation, we performed
a secondary analysis including LOS as a predictor variable. On
this analysis, CDI continued to be significantly associated with
mortality. The association of CDI with worse outcomes for a
specific disease is not unique to ESRD, as a similar association
has been described for cirrhosis.4 As expected, advanced age,
other infections (pneumonia, UTI, and BSI), and the presence
of a greater comorbid disease burden were independent risk
factors for mortality. These conditions have been reported to
be associated with poor outcomes in patients with ESRD.16,17

The reasons for the observed adverse effect of CDI on the out-
comes are not clear. We can speculate that patients with ESRD
might be more vulnerable to diarrhea-induced perturbations in
fluid and electrolyte or the systemic inflammatory response as-
sociated with severe cases of CDI than the general hospitalized
patient population.18

In summary, this is the first study using multi-institutional
data to evaluate the effect of CDI on the outcomes of patients
with ESRD. Our results strongly implicate CDI as a complicat-
ing factor that results in significantly worse outcomes in hos-
pitalized patients with ESRD. Consideration of this finding with
previous reports that patients with ESRD are predisposed to CDI
indicates that there should be ongoing efforts to reduce the risk
of acquiring this infection and enhanced awareness for its di-
agnosis and prompt treatment.

REFERENCES

1. McFarland LV. Epidemiology of infectious and iatrogenic nosocomial
diarrhea in a cohort of general medicine patients. Am J Infect Control.
1995;23:295Y305.

2. Elixhauser A, Jhung M. Clostridium difficile-Associated Disease in
U.S. Hospitals, 1993Y2005: Statistical Brief #50. In. 2011/07/08 ed:
Rockville, MD: Agency for Health Care Policy and Research (US); 2008.

3. Ananthakrishnan AN. Clostridium difficile infection: epidemiology,
risk factors and management. Nat Rev Gastroenterol Hepatol.
2011;8:17Y26.

4. Bajaj JS, Ananthakrishnan AN, Hafeezullah M, et al. Clostridium
difficile is associated with poor outcomes in patients with cirrhosis: a
national and tertiary center perspective. Am J Gastroenterol.
2010;105:106Y113.

TABLE 2. Mortality in the ESRD Cohort (ESRD Only and
ESRD + CDI) Using Multivariate Logistic Regression

Variable
Reference
Group

Odds
Ratio

Confidence
Interval (95%)

Significance
(P)

Age, yrs
36Y50 18Y35 1.51 1.40Y1.63 G0.001
51Y65 2.40 2.23Y2.57 G0.001
Q66 4.35 4.06Y4.67 G0.001

Male Female 1.1 1.08Y1.13 G0.001
Charlson Index
1 0 1.32 1.27Y1.37 G0.001
2 1.31 1.26Y1.36 G0.001
Q3 1.90 1.83Y1.97 G0.001

UTI Without UTI 1.33 1.29Y1.37 G0.001
Pneumonia Without

pneumonia
2.68 2.62Y2.74 G0.001

BSI Without BSI 1.15 1.11Y1.19 G0.001
CDI Without CDI 2.15 2.07Y2.24 G0.001

Journal of Investigative Medicine & Volume 60, Number 2, February 2012 CDI and Outcomes in ESRD

* 2012 The American Federation for Medical Research 531

Copyright © 2012 American Federation for Medical Research. Unauthorized reproduction of this article is prohibited.

 on A
pril 16, 2024 by guest. P

rotected by copyright.
file:/

J Investig M
ed: first published as 10.2310/JIM

.0b013e318242b313 on 15 D
ecem

ber 2015. D
ow

nloaded from
 



5. Coresh J, Selvin E, Stevens LA, et al. Prevalence of chronic kidney
disease in the United States. JAMA. 2007;298:2038Y2047.

6. Cunney RJ, Magee C, McNamara E, et al. Clostridium difficile colitis
associated with chronic renal failure. Nephrol Dial Transplant.
1998;13:2842Y2846.

7. Herrera P, Cotera A, Fica A, et al. High incidence and complications
of Clostridium difficile diarrhea among patients with renal diseases.
Rev Med Chil. 2003;131:397Y403.

8. Yousuf K, Saklayen MG, Markert RJ, et al. Clostridium
difficileYassociated diarrhea and chronic renal insufficiency.
South Med J. 2002;95:681Y683.

9. Eddi R, Malik MN, Shakov R, et al. Chronic kidney disease as a risk
factor for Clostridium difficile infection. Nephrology (Carlton).
2010;15:471Y475.

10. Ovbiagele B. Chronic kidney disease and risk of death during
hospitalization for stroke. J Neurol Sci. 2011;301:46Y50.

11. Dubberke ER, Reske KA, McDonald LC, et al. ICD-9 codes and
surveillance for Clostridium difficileYassociated disease.
Emerg Infect Dis. 2006;12:1576Y1579.

12. Dalrymple LS, Johansen KL, Chertow GM, et al. Infection-related

hospitalizations in older patients with ESRD. Am J Kidney Dis.
2010;56:522Y530.

13. Kessler M, Hoen B, Mayeux D, et al. Bacteremia in patients on
chronic hemodialysis. A multicenter prospective survey.
Nephron. 1993;64:95Y100.

14. Quan H, Sundararajan V, Halfon P, et al. Coding algorithms for defining
comorbidities in ICD-9-CM and ICD-10 administrative data.
Med Care. 2005;43:1130Y1139.

15. Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidity index
for use with ICD-9-CM administrative databases. J Clin Epidemiol.
1992;45:613Y619.

16. Kurella Tamura M. Incidence, management, and outcomes of end-stage
renal disease in the elderly. Curr Opin Nephrol Hypertens.
2009;18:252Y257.

17. Mailloux LU, Bellucci AG, Wilkes BM, et al. Mortality in dialysis
patients: analysis of the causes of death. Am J Kidney Dis.
1991;18:326Y335.

18. Pant C, Madonia P, Minocha A, et al. Laboratory markers as predictors
of mortality in patients with Clostridium difficile infection.
J Investig Med. 2010;58:43Y45.

Pant et al Journal of Investigative Medicine & Volume 60, Number 2, February 2012

532 * 2012 The American Federation for Medical Research

Copyright © 2012 American Federation for Medical Research. Unauthorized reproduction of this article is prohibited.

 on A
pril 16, 2024 by guest. P

rotected by copyright.
file:/

J Investig M
ed: first published as 10.2310/JIM

.0b013e318242b313 on 15 D
ecem

ber 2015. D
ow

nloaded from
 


