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Abstract

Background—Inpatient length of stay (LOS) has been used as a measure of hospital quality and 

efficiency. Patients with Clostridium difficile infections (CDI) have longer LOS.

Objective—To describe the relationship between hospital CDI incidence and the LOS of patients 

without CDI.

Design—Retrospective cohort analysis.

Methods—We predicted average LOS for patients without CDI at both the hospital and patient 

level using hospital CDI incidence. We also controlled for hospital characteristics (eg, bed size) 

and patient characteristics (eg, comorbidities, age).

Setting—Healthcare Cost and Utilization Project Nationwide Inpatient Sample, 2009–2011.

Patients—The Nationwide Inpatient Sample includes patients from a 20% sample of all 

nonfederal US hospitals.

Results—Inpatient LOS was significantly longer (P < .001) at hospitals with greater CDI 

incidence at both the hospital and individual level. At a hospital level, a percentage point increase 

in the CDI incidence rate was associated with more than an additional day’s stay (between 1.19 

and 1.61 days). At the individual level, controlling for all observable variables, a percentage point 

increase in the CDI incidence rate at their hospital was also associated with longer LOS (between 

0.6 and 1.05 additional days). Hospital CDI incidence had a larger impact on LOS than many other 

commonly used predictors of LOS.

Conclusion—CDI rates are a predictor of LOS in patients without CDI at an individual and 

institutional level. CDI rates are easy to measure and report and thus may provide an important 

marker for hospital efficiency and/or quality.
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Hospital length of stay (LOS) is an important contributor to healthcare expenditures.1 

Increased LOS is also a risk factor for adverse events.2,3 Moreover, many factors used to 

measure healthcare quality have been linked to prolonged LOS,4–7 and LOS has also been 

used to measure quality.8–10 In addition, LOS has been used to measure efficiency in 

hospitals.11,12 For these reasons, LOS is commonly used to study disease outcomes. 

However, LOS varies dramatically, not only for different procedures and diagnoses, but also 

among hospitals.13 Thus, when using LOS as an outcome measure, adjusting for factors 

associated with hospital-level variation in LOS is important.

Many studies have analyzed excess LOS associated with adverse events, including 

postoperative hemorrhage or hematoma,5 falls,14,15 adverse drug events,16 and decubitus 

ulcers.17 Healthcare-associated infections are also a frequently studied source of excess 

LOS. Examples include bloodstream infections,18 methicillin-resistant Staphylococcus 
aureus infection,19,20 sepsis,21 and surgical site infections.22 A common healthcare-

associated infection is Clostridium difficile infection (CDI), and CDI increases the LOS of 

patients with the disease.23–25

Although CDI may increase an infected patient’s LOS, it is not known whether institution-

level CDI is related to prolonged LOS in patients without CDI. To our knowledge, no study 

has described the association between CDI incidence and hospital-wide excess LOS in 

patients without CDI. However, a number of possible links exist between CDI incidence and 

excess LOS in patients without CDI. For example, hospital CDI rates may be a proxy for 

quality. Poor quality hospitals may foster more CDI and create conditions that lead to excess 

LOS (eg, other adverse events). Alternatively, patients may stay longer at hospitals that have 

administrative inefficiencies.26 CDI cases acquired later in a patient’s stay may be more 

likely to be captured in the discharge records at hospitals with excess LOS. Thus, CDI 

incidence could be a proxy for hospital efficiency. The purpose of this study is to explore the 

relationship between CDI incidence rates and LOS for patients who do not have CDI, 

controlling for both hospital-level and patient-level characteristics.

Methods

Data Source

We used the Healthcare Cost and Utilization Project Nationwide Inpatient Sample, 2009–

2011. The Nationwide Inpatient Sample, maintained by the Agency for Healthcare Research 

and Quality, is the largest database of inpatient records in the United States. It contains 

records of roughly 8 million hospital stays each year and is a 20% stratified sample of US 

hospitals. The Nationwide Inpatient Sample contains data on patient demographic 

characteristics, diagnoses, and procedures, measures of comorbidity and severity, reasons for 

and sources of admission, discharge disposition, hospital characteristics, charges and 

payment sources, and LOS for each unique patient record.27

To estimate the relationship between a hospital’s CDI rate and excess LOS, we excluded all 

patients with any CDI diagnosis (primary or secondary) from the analysis of LOS. 

Excluding such patients eliminates the direct connection that exists between CDI and the 

increased LOS associated with CDI. However, patients with CDI were used in calculating 
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CDI incidence rates. Because we were interested in analyzing excess LOS, patients were 

excluded if they were admitted and discharged on the same day. Analysis was conducted at 

both an aggregated hospital level and a patient level. At the hospital level, all patients 

without CDI who had nonmissing values for LOS were included. For the patient-level 

analysis, patients were excluded if records contained missing values for any of the predictor 

variables described below. Table 1 provides a summary of the total number of hospitals and 

patients included at each stage of the analysis.

Outcome and Predictor Variables

Two outcome measures were used for this analysis. The first was each hospital’s average 

inpatient LOS, calculated as the average LOS across all patients without a CDI diagnosis. 

We modeled this outcome as a function of hospital-level characteristics. Our second 

outcome measure was individual patient-level LOS. We used this outcome in order to 

control for both hospital- and patient-level characteristics (Table 2). We compared the 

estimated effects of CDI incidence on LOS between these 2 outcomes in order to determine 

how much of the relationship between CDI incidence and LOS was due to patient 

characteristics.

The primary explanatory variable of interest was each hospital’s annual CDI incidence rate. 

The incidence rate at each hospital was calculated as the ratio of the number of patient 

discharges with CDI diagnosis to the total number of annual discharges. Patients with CDI 

were identified as those with either a primary or secondary diagnosis of CDI (International 
Statistical Classification of Disease, Ninth Revision, code 008.45). This code has been 

previously validated as a measure for overall hospital CDI burden.28–30

Two additional sets of explanatory variables were used for this analysis, which included 

hospital- and patient-level variables. Previous research has found LOS to be related to 

hospital-level factors such as bed size, teaching status,12,31 structure,32 and nurse staffing.33 

Thus, for the hospital-level-LOS analysis we controlled for a set of 12 hospital-level 

characteristics, including bed size, hospital ownership, region of the country, location (urban 

vs rural), and teaching status, along with the percentage of all licensed nurses who were 

registered nurses and the number of full-time nurses per 1,000 inpatient days. Note, the 

Nationwide Inpatient Sample contains a very limited number of hospital-level variables.

LOS has also been shown to be related to many patient-level characteristics, such as age,34 

comorbidities,35 disease severity,36 and insurance status.13 For the patient-level-LOS 

analysis, we controlled for all of the hospital-level variables along with a number of patient-

level variables. Patient-level factors included patient demographic characteristics (eg, age, 

sex, primary payer, and ZIP-code-level income), inpatient-stay characteristics (eg, admission 

type, discharge quarter, weekend-admission indicator, discharge disposition, hospital-

mortality indicator, neonatal and maternal indicators, along with the number of procedures, 

diagnoses, and chronic conditions), and disease characteristics (eg, All Patient Refined 

Diagnosis Related Groups indicators, severity, and risk of mortality categories; and 29 

specific comorbidities). Table 2 provides a complete list of covariates, along with a 

description of each. In total, the patient- and hospital-level factors resulted in 429 separate 

covariates in the patient-level-LOS analysis.
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Statistical Analysis

All statistical analyses were conducted using Stata SE, version 13.1 (StataCorp). 

Multivariate regression was used to estimate the effect of CDI incidence on inpatient LOS 

while controlling for the predictor variables described. Weighted least squares regression, 

with weights corresponding to the number of discharge records, was used to analyze average 

hospital-level LOS.

However, for the patient-level analysis, because patient LOS tends to be nonnormally 

distributed (ie, skewed), 5 different regression models were compared to estimate the effect 

of a hospital’s CDI incidence on LOS. These included (1) ordinary least squares, and a 

generalized linear model using a log link along with a (2) Gaussian, (3) gamma, (4) Poisson, 

and (5) negative binomial distribution. We compared the fit of these models using the 

Akaike information criterion, and estimates from the model with the lowest Akaike 

information criterion values are presented.

Results

CDI Rates and Hospital-Level LOS

We first categorized hospitals into deciles on the basis of their CDI incidence and calculated 

the average LOS across hospitals in each of these deciles; Table 3 presents these results. 

Table 3 reports a significant (P < .001) positive correlation between LOS and CDI incidence, 

with LOS increasing by more than a day with a percentage point increase in CDI incidence. 

We then used multivariate regression to predict hospital-level LOS while controlling for 

hospital-specific characteristics. Results from the hospital-level regression analysis are 

presented in Table 4. The regression results mimic the findings of the bivariate comparisons 

between hospital deciles. For each year, a percentage point increase in a hospital’s CDI 

incidence rate was associated with an increase in average patient LOS of 1.19 to 1.61 days. 

For each year, CDI incidence was the strongest predictor of average LOS in terms of the 

absolute value of its coefficient estimate and test statistic. Furthermore, when CDI incidence 

was removed, the explanatory power of the model, as measured by the model’s R2 value, 

dropped considerably: without CDI incidence, the R2 values decreased from .45 to .11, 

from .51 to .12, and from .42 to .12 for each year from 2009 through 2011, respectively. 

Thus, CDI incidence explained the greatest amount of variation in average LOS between 

hospitals, of all the hospital-specific characteristics.

CDI Rates and Patient-Level LOS

Variation in average LOS between hospitals may reflect underlying differences in patient 

populations rather than excess LOS. Thus, to control for patient characteristics, we used 

multivariate regression to predict patient-level LOS as a function of both patient and hospital 

characteristics.

The top of Table 5 presents the results of the regression model with the smallest Akaike 

information criterion value, namely the generalized linear model using a log link and gamma 

distribution. Results for the additional models are not presented but mirror those of the 

gamma model. For every year from 2009 through 2011, CDI incidence was strongly 
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associated with an increase in an individual’s LOS (P < .001). On the basis of the 

coefficients of the chosen regression model, for 2009, 2010, and 2011, a percentage point 

increase in a hospital’s CDI incidence was roughly associated with an increase in a patient’s 

LOS by a factor of approximately 4.37%, 7.47%, and 5.87%, respectively. Moreover, in 

terms of P values, CDI incidence was one of the strongest predictors of LOS. Among the 

429 covariates included in this model, CDI incidence had the eighth lowest P value in 2009 

and the seventh lowest in 2010 and 2011. Only a small set of variables, such as the number 

of procedures a patient underwent or the number of diagnoses on a patient’s record, were 

stronger predictors of LOS.

As a point of comparison with the hospital-level LOS results, the bottom of Table 4 also 

reports the results of the patient-level ordinary-least-squares model with untransformed 

LOS. In this model, a percentage point increase in a hospital’s CDI incidence was associated 

with a 0.64-, 1.05-, and 0.84-day increase in a patient’s LOS, on average, for 2009, 2010, 

and 2011, respectively. These estimates are smaller than those in the hospital-level model, 

suggesting that some of the variation in average LOS associated with CDI incidence is due 

to patient-disease characteristics (ie, non-excess LOS). However, the relative size of the 

estimates in the patient-level model suggests that CDI incidence rates capture a significant 

portion of the excess LOS between hospitals. After accounting for patient-level 

characteristics, the effect size of the coefficient estimates of CDI incidence in the patient-

level model were still greater than 50% of their value in the hospital-level model.

Discussion

Our results demonstrate that hospital-level CDI rates are highly correlated with increased 

LOS in patients without a CDI diagnosis after controlling for patient and hospital 

characteristics. These results suggest that factors associated with high CDI rates in hospitals 

are also associated with excess LOS. Indeed, a 1% increase in an institution’s CDI rate, after 

controlling for all observable variables, is associated with an increase between 4.37% and 

7.47% in a non-CDI patient’s LOS. These findings translated to an increase in LOS between 

0.64 and 1.05 days. Thus, we believe that CDI acts as a proxy for hospital quality, efficiency, 

or perhaps both.

We found hospital CDI incidence to be a highly significant predictor of LOS at both the 

hospital and patient level. In fact, CDI rates were one of the strongest predictors in each 

model, stronger than all other hospital characteristics and most patient characteristics. 

Moreover, many common patient-level characteristics used in studies of patient outcomes 

(eg, age) had a far smaller impact on LOS than did CDI incidence in our model. These 

results suggest that unmeasured hospital characteristics that are captured by CDI incidence 

may play a greater role in determining a patient’s LOS than the patient’s and hospital’s 

underlying characteristics. In every model we estimated, the quality and fit (eg, Akaike 

information criterion or R2) of our model improved substantially when CDI incidence was 

included. This finding alone suggests that future research using LOS as an outcome measure 

should consider CDI incidence, or the factors it captures, as a proxy variable. Failure to 

account for CDI incidence may result in omitted variable bias leading to an incorrect 

interpretation of the effects of other variables related to LOS: the magnitudes, signs, and 
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significance of many of the estimated coefficients included in our model changed 

dramatically when CDI incidence was removed. Given the abundance of existing research 

that has used LOS as an outcome measure, it may be worth revisiting factors previously 

associated with LOS.

A useful feature of CDI rates in comparing LOS between hospitals is that CDI rates appear 

to be a good proxy for excess LOS rather than LOS due to disease characteristics. A 

potential limitation of any measure used to make hospital-level comparisons is the need to 

properly adjust for the type of patients a hospital treats. For example, hospitals that treat a 

more severely ill patient population may appear to have longer LOS on average, even though 

such increased LOS would not be considered excessive. Our results suggest that CDI rates 

may discriminate between excess and ordinary LOS. After individual patient characteristics 

were added to the hospital-level model, greater than 50% of the effect of CDI on LOS 

remained. These findings suggest that more than half of the variation in LOS between 

hospitals that can be explained by CDI rates may be due to excess LOS. Thus, CDI rates 

may be useful when comparing excess LOS between hospitals.

CDI rates are easy to compute and to compare across hospitals, especially in relation to 

many measures of quality or other markers of patient safety. The Agency for Healthcare 

Research and Quality indicators have frequently been used as measures of hospital quality 

and patient safety. However, such indicators require many variables, and the coding 

algorithm for these indicators has changed over time.37 Less complex measures, such as 

adherence to guidelines for acute myocardial infarction, often focus on only specific patient 

populations. In contrast, CDI rates are simple to calculate and easy to compare across 

hospitals. CDI rates are inherently important to measure, and our results provide another 

reason for tracking and considering CDI rates.

Although CDI rates are associated with longer LOS in patients who do not have CDI, we do 

not claim that higher CDI rates are necessarily causing longer LOS. Instead, we think that 

CDI rates may act as a proxy for unobserved/unmeasured hospital characteristics that are 

related to hospital efficiency and/or quality (eg, environmental cleanliness, hospital 

crowding, and inappropriate and excess use of antibiotics). We hypothesize that 2 main 

factors play a role in driving this relationship. First, hospitals that are of lower quality or less 

efficient may tend to have longer LOS and generate more hospital-associated CDI. Second, 

hospitals with longer LOS, due to either efficiency or quality characteristics, may also 

observe more hospital-associated CDI before discharge of patients. Thus, there is no 

guarantee that efforts to reduce CDI may affect LOS in uninfected patients. In addition, CDI 

rates may be dependent upon connections with other hospitals via patient transfers that we 

are unable to observe in this analysis.38 Future investigations should focus on analyzing 

potentially causative factors driving the relationship between CDI rates and LOS in patients 

without CDI. For example, the additional isolation rooms needed for hospitals with a higher 

CDI incidence may result in ineffective transitions of care or misallocation of staffing 

resources. Unfortunately, we are unable to perform this analysis with our data.

The connection between CDI incidence and LOS may occur because a hospital is generating 

more hospital-associated CDI. One limitation of our study is we cannot directly determine 

Miller et al. Page 6

Infect Control Hosp Epidemiol. Author manuscript; available in PMC 2017 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



whether a CDI diagnosis was hospital associated. Therefore, we performed a sensitivity 

analysis where we calculated CDI incidence using only CDI cases that were recorded as a 

secondary diagnosis. Although secondary CDI diagnoses have been shown to contain non–

hospital-associated CDI cases,29 by removing primary CDI cases, the calculated CDI 

incidence should contain a greater proportion of hospital-associated CDI cases. Results are 

reported in the Online Supplementary Appendix. When only secondary CDI cases were 

included, our findings became even stronger: both the estimated effect and significance of 

CDI incidence on LOS increased, and the fit of the model improved. Thus, the link between 

CDI incidence and LOS may occur via hospital-associated CDI.

There are other limitations to our study. First, we used administrative data rather than 

clinical microbiologic results to measure CDI. However, administrative codes for CDI have 

been demonstrated to be a relatively sensitive and specific marker for CDI.28–30 Second, 

rates of CDI differ over time and region and depend upon different microbiologic testing 

approaches for CDI that undoubtedly differ across institutions. However, our study was 

conducted over a series of years and included many types of hospitals. Third, it would be 

ideal to have information regarding CDI cases attributable to hospital stays that occur after 

hospital discharge; the number of such cases may be nontrivial.39 However, we have only 

inpatient data. Although this limitation does not detract from the effectiveness of CDI rates 

as a marker for hospitals with longer LOS, such information would be useful in further 

analyzing the connection between CDI rates and LOS. Fourth, in our patient-level analysis, 

we dropped a number of patients with missing values in the covariates. However, we are not 

concerned that this biased our results, given that our hospital-level model, which included all 

patients, showed a similar, yet stronger, association between CDI rates and LOS. Fifth, we 

included a large number of patient-level covariates in our analyses to avoid omitted variable 

bias. More parsimonious models, containing more patients but fewer patient-level variables, 

actually increased our observed effect (data not shown). Although the inclusion of a large 

number of variables could render the model susceptible to multicollinearity, we found no 

evidence of model instability or estimation inaccuracy. Finally, a limitation associated with 

all such modeling efforts is that the estimates we generate for excess LOS associated with 

higher CDI should be interpreted with caution: additional quality or efficiency measures are 

necessary to estimate the exact effect size.

In conclusion, CDI rates are an accurate predictor of LOS in patients without CDI, even 

after considering both individual- and institution-level factors. CDI incidence had greater 

explanatory power than any other hospital characteristic and almost all commonly used 

patient characteristics. Moreover, differences in CDI rates between hospitals appear to 

capture differences in excess, rather than ordinary, LOS. CDI rates are easy to measure and 

may provide an important marker for hospital efficiency and quality. Thus, our findings may 

provide another reason for policy makers, healthcare administrators, and clinicians to track 

CDI rates.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1

Study Population in Study of CDI as a Proxy for Length of Stay

Variable 2009 2010 2011

Total patients in NIS 7,810,762 7,800,441 8,023,590

Total CDI cases in NIS 66,623 69,315 79,633

Total hospitals in NIS 1,050 1,051 1,049

Patients in final sample 4,126,716 4,585,926 4,841,294

Hospitals in final sample 942 949 945

Note. CDI, Clostridium difficile infection; NIS, National Inpatient Sample.
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Table 2

Summary Description of All Model Covariates in Study of CDI as a Proxy for Length of Stay

Variable Description/specification

Hospital characteristics

 Bed size Small, medium, or large

 Control/ownership Public, private (nonprofit), private (for profit)

 Region Northeast, Midwest, South, West

 Teaching status/location Rural, urban nonteaching, urban teaching

 RN percent Percentage of RNs among all licensed nurses

 Nurse to patient ratio Number of total licensed nurse full-time equivalents per 100 inpatient-days

Patient characteristics

 Age group 21 indicators for 5-year age ranges

 Sex Female or male

 Race White, black, Hispanic, Asian or Pacific Islander, Native American, or other

 Admission type Emergency, urgent, elective, newborn, trauma center, other

 Disposition 6 indicators for routine, transfer to short-term hospital, other transfer, home healthcare, against 
medical advice, or unknown

 OR procedure Indicator of major OR procedure

 Neonatal or maternal diagnosis/
procedure

Indicators for maternal, neonatal, or both maternal and neonatal records

 Admission month 12 monthly indicators

 Admission weekend Indicator of weekend admission

 Died Indicator of hospital death

 Comorbidities 29 comorbid disease indicatorsa

 Number of procedures 30 indicators for the total number of procedures coded on discharge record

 Number of diagnoses 30 indicators for the total number of diagnoses coded on discharge record

 Number of chronic conditions 30 indicators for the total number of unique chronic diagnoses reported on the discharge

 APR DRGsb 316 APR DRG indicators

 APR DRG risk mortalityb 4 indicators for likelihood of dying: minor, moderate, major, or extreme

 APR DRG severityb 4 indicators for severity of illness (loss of function): minor, moderate, major, or extreme

 Primary expected payer Medicare, Medicaid, private insurance, self-pay, no charge, or other

 ZIP code median income 4 quartile indicators for estimated median household income in patient’s ZIP code

Note. APR, All Patient Refined; CDI, Clostridium difficile infection; DRG, diagnosis-related groups; OR, operating room; RN, registered nurse.

a
The 29 comorbidity indicators were assigned by the Agency for Healthcare Research and Quality Comorbidity Software, version 3.7.

b
The variables for APR DRGs along with APR DRG severity and APR DRG risk mortality were created using software developed by 3M Health 

Information Systems, version 27.0, for year 2009 and version 28.0 for years 2010 and 2011.
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