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O R I G I N A L A R T I C L E 

On the Role of Length of Stay in Healthcare-Associated 
Bloodstream Infection 

Christie Y. Jeon, ScD;1,2 Matthew Neidell, PhD;3 Haomiao Jia, PhD;1 Matt Sinisi, MA;1 Elaine Larson, PhD, RN1 

DESIGN. We conducted a retrospective cohort study to examine the role played by length of hospital stay in the risk of healthcare-
associated bloodstream infection (BSI), independent of demographic and clinical risk factors for BSI. 

PATIENTS. We employed data from 113,893 admissions from inpatients discharged between 2006 and 2008. 

SETTING. Large tertiary healthcare center in New York City. 

METHODS. We estimated the crude and adjusted hazard of BSI by conducting logistic regression using a person-day data structure. The 
covariates included in the fully adjusted model included age, sex, Charlson score of comorbidity, renal failure, and malignancy as static 
variables and central venous catheterization, mechanical ventilation, and intensive care unit stay as time-varying variables. 

RESULTS. In the crude model, we observed a nonlinear increasing hazard of BSI with increasing hospital stay. This trend was reduced 
to a constant hazard when fully adjusted for demographic and clinical risk factors for BSI. 

CONCLUSION. The association between longer length of hospital stay and increased risk of infection can largely be explained by the 
increased duration of stay among those who have underlying morbidity and require invasive procedures. We should take caution in 
attributing the association between length of stay and BSI to a direct negative impact of the healthcare environment. 
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Hospitalized patients face a higher risk of infections,1 and 
those who have longer lengths of stay are more likely to 
develop healthcare-associated infections.2"4 The conventional 
view is that longer stays result in greater risk because the 
hospital environment itself harbors infectious agents,5 in 
which case minimizing length of stay would reduce the risk 
of infection. An alternative hypothesis is that patients who 
stay longer in hospitals are at greater risk because underlying 
conditions2'6,7 and increased use of invasive procedures induce 
a longer stay, and these factors increase the risk of infec­
tion. 1,s'9 In this context, minimizing length of stay would have 
little impact on the daily probability of infection. 

The actual mechanism of association likely involves a com­
bination of environmental and clinical factors; however, pre­
vious studies have not carefully examined the biological, clin­
ical, and temporal contributions to the association between 
length of stay and healthcare-associated infections. Studies 
that have modeled length of stay and other biological or 
clinical variables have reported that length of stay is an in­
dependent risk factor.3,410"12 However, they did not statistically 
account for the time-varying nature of factors such as central 
venous catheterization, which increases the risk of infection 
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and lengthens hospital stay. Clarifying the role played by 
length of stay in infection risk is important for informing 
healthcare policies, as shortening length of stay may not meet 
the intended effect of reducing one's risk of infection. 

The aim of this study is to explore the relationship between 
length of hospital stay and risk of healthcare-associated in­
fections conditional on patient and therapeutic factors. 

M E T H O D S 

Study Setting and Data 

This was a retrospective cohort study employing admission 
data from 190,457 medical records for patients seen at a large 
healthcare system in New York City between January 1, 2006, 
and December 31, 2008. We extracted data from the clinical 
data warehouse, which integrates information from more than 
20 electronic sources; the admission, discharge, and transfer 
system; and the computerized physician and nursing order-
entry system. From this compilation of data, we included de­
mographic data on age and sex; International Classification of 
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) di­
agnoses and procedure codes on medical conditions, including 
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TABLE 1. Distribution of Length of Stay and Bloodstream Infections (BSIs) by Covariate 

Covariate 

Age category 
<18 years 
18-39 years 
40-59 years 
60-79 years 
>80 years 

Sex 
Male 
Female 

Renal failure 
Yes 
No 

Malignancy 
Yes 
No 

Charlson score 
0 
1 
2 
3 

Intensive care unit 
Yes 
No 

Central venous catheter 
Yes 
No 

Mechanical ventilation 
Yes 
No 

No. 

20,421 
25,270 
25,270 
18,715 
14,217 

49,118 
64,775 

18,642 
95,251 

12,390 
101,503 

56,707 
20,487 
14,675 
22,024 

17,944 
95,949 

11,801 
102,092 

5,503 
108,390 

Length of stay, 
median (IQR) 

5(4-8) 
5(4-7) 
6 (5-11) 
7 (5-11) 
7 (5-11) 

4 (4-9) 
7 (5-11) 

8 (6-15) 
6 (4-9) 

7 (5-12) 
6 (4-9) 

5 (4-8) 
6 (5-10) 
7 (5-11) 
8 (5-13) 

11 (7-20) 
5(4-8) 

13 (8-23) 
6 (4-9) 

17 (9-30) 
6 (4-9) 

P 

<.0001 

<.0001 

<.0001 

<.0001 

<.0001 

<0001 

<.0001 

<.0001 

BSI, no. (%) 

457 (2.2) 
237 (0.9) 
554 (2.2) 
680 (2.4) 
247 (1.7) 

1,233 (2.5) 
942 (1.5) 

927 (5.0) 
1,248 (1.3) 

447 (3.6) 
1,728 (1.7) 

631 (1.1) 
382 (1.9) 
385 (2.6) 
777 (3.5) 

1,011 (5.6) 
1,164 (1.2) 

893 (7.6) 
1,282 (1.3) 

569 (10.3) 
1,606 (1.5) 

P 

.001 

<.0001 

•C0001 

<.0001 

<.0001 

<.0001 

<.0001 

<.0001 

NOTE. IQR, interquartile range. 

renal failure and malignancy; and time-stamped summaries on 
administration of invasive procedures, including ventilation 
and central venous catheterization.13 We also computed a com­
posite score of illness (Charlson score) based on ICD-9-CM 
codes for conditions present at admission.14 

Bloodstream Infections (BSIs) 

We used the standard BSI definition as recommended by the 
Centers for Disease Control and Prevention's National 
Healthcare Safety Network and modified the definition where 
clinical symptoms were indicated, as the data compiled did 
not include information on symptoms. We therefore defined 
BSIs as cases presenting with a blood culture positive for any 
bacterial pathogen and with no culture positive for the same 
organism at other body sites within 14 days prior. In the case 
of a common skin contaminant (eg, coagulase-negative staph­
ylococci), we counted only those cases for which 2 or more 
blood cultures obtained on separate occasions were positive 
within 2 days of each other. Length of stay at risk in the 
hospital was defined as time from the day of admission to 
the day of culture collection for those with infection and as 
time to discharge or death for those who did not develop an 

infection. Admission records with a BSI within the first 2 days 
of admission or with shorter than 3 days of hospital stay were 
excluded, to minimize the probability that these infections 
were community acquired. 

Statistical Analysis 

We summarized the median and interquartile range of length 
of stay and tested for a difference in the risk of BSI by cat­
egorical variables using the Mantel-Haenszel x2 test and for 
a difference in length of stay by risk factors using the Wil-
coxon rank-sum test or the Kruskal-Wallis test. 

We first modeled the risk of BSI by length of stay by em­
ploying logistic regression of admission-level data, to assess 
through nonlongitudinal means that length of stay was as­
sociated with BSI. This method is inappropriate for exam­
ining how length of stay affects BSI because it does not take 
into account how infection risk may change with time since 
admission, during which other risk factors for BSI vary. To 
solve this problem, we employed survival analysis to examine 
the risk of developing BSI on day x, conditional on not having 
developed an infection by day x — 1. We estimated the hazard 
of BSI and its 95% confidence interval at the midpoint of 
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FIGURE l. Plot of the unadjusted hazard of bloodstream infection (BSI) and the changing distribution of persons with renal failure or 
central venous catheter over time. CI, confidence interval. 

1-day intervals by the life-table method and plotted the es­
timates by time. We also plotted the distribution of persons 
with renal failure and central venous catheterization by time 
to demonstrate the increasing concentration of patients who 
were sicker and required more procedures. Next, we modeled 
the hazard of BSI via a discrete-time hazard model by per­
forming logistic regression with a person-day data structure 
accounting for within-admission correlation by the gener­
alized estimating equation. We excluded person-time obser­
vations beyond 47 days (top 5% of person-time distribution) 
to exclude influential outliers. We examined the goodness of 
fit of different hazard functions by regressing the instanta­
neous probability of BSI by time, by first modeling a first-
order time term only and then adding second- and third-
order terms sequentially. When we examined the fit of 
different hazard functions, we found that both first- and sec­
ond-order terms were significant in a quadratic hazard model 
(P< .0001 and P = .003, respectively). However, when we 
included a cubic term, the second- and third-order time terms 
were not significant (P = .30 and P = .58, respectively). 
Therefore, we excluded the third-order term from further 
analyses. 

We performed multivariable analyses with sequential ad­
justment for (1) age and sex; (2) renal failure, malignancy, 
and Charlson score; (3) central venous catheterization and 
mechanical ventilation; and (4) intensive care unit (ICU) stay. 
Central venous catheterization, mechanical ventilation, and 
ICU stay were treated as time-varying factors. For each model 
we estimated the coefficient(s) for time and plotted the pre­
dicted hazard of BSI conditional on person-time-weighted 
covariate values. For example, we entered into the model an 

average "value" for renal failure by taking the sum of person-
time experienced by those with renal failure and dividing it 
by the total number of person-time units in the data. Ad­
ditionally, we computed the change in the estimated hazard 
of BSI at 5, 10, 25, and 40 days after admission between the 
unadjusted and fully adjusted models. 

Statistical analyses were conducted in SAS, version 9.3 (SAS 
Institute), and STATA, version 10.0 (StataCorp). 

RESULTS 

The final data set included 113,893 hospital records after 
application of our exclusion criteria. The overall distribution 
of hospital stay was right-skewed, with a median of 5 days 
and an interquartile range of 4—8 days. The distributions of 
length of stay and BSI risk by each covariate value are sum­
marized in Table 1. All variables, including age of 40 or more 
years, male sex, renal failure, malignancy, Charlson score, 
central venous catheterization, mechanical ventilation, and 
ICU stay, were associated with both longer length of stay and 
increased BSI risk. Nonsurvival analysis of length stay and 
BSI by logistic regression showed that a 1-day increase in 
length of stay was positively associated with BSI infection 
with an odds ratio of 1.025 (95% confidence interval, 1.023-
1.027). 

A plot of the hazard of BSI over time, as well as the chang­
ing distribution of people with renal failure and central ve­
nous catheterization, is illustrated in Figure 1. The hazard of 
BSI increased with time during the first 3 weeks, simultaneous 
to the increasing proportion of people with renal failure and 
central venous catheterization. The results shown in this fig-
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ure and in Table 1 highlight that while subjects who stay in 
the hospital longer have an increasing hazard of infection, 
they are also more likely to be sicker and undergo invasive 
procedures that may independently increase infection risk. 

Consistent with Figure 1, we found that adjusting for 
known risk factors for BSI substantially attenuated the hazard 
of infection. The coefficients for both the linear and the qua­
dratic terms for time were significant in an unadjusted model 
(Table 2) but decreased with subsequent adjustment for age, 
sex, comorbid factors, invasive procedures, and ICU stay. 
When we included all the covariates, the coefficients for both 
the first-order and the second-order time terms were not 
statistically significantly different from 0 (Table 2). Figure 2 
plots the change in the predicted hazard of BSI given covariate 
values weighted by person-time contributed. The adjusted 
hazard of BSI is shifted lower as we sequentially adjust for 
other factors. In the fully adjusted model, although the hazard 
still increased slightly over time, this trend was not statistically 
significant. The magnitude of these differences are quite sub­
stantial: 5 days after admission the estimated hazard of BSI 
in the fully adjusted model was 2.6% lower than that of the 
unadjusted model, and at days 10, 25, and 40 the estimated 
probability was 17%, 38%, and 40% lower, respectively, than 
that of the unadjusted model. 

DISCUSSION 

In this analysis of 113,893 hospital records, we observed a 
nonlinear increase in the hazard of BSI that occurred si­

multaneous to the increasing proportion of sicker individuals 
who required invasive procedures. When we adjusted for de­
mographic factors, comorbidity, and time-varying indwelling 
devices, we found that the estimated hazard was attenuated 
and not significantly different from a constant hazard, sug­
gesting that the association between length of stay and BSI 
observed in conventional nonlongitudinal analysis could par­
tially be explained by underlying morbidity, use of invasive 
procedures, and the greater period of observation among 
those who require longer stays. While our results downplay 
the role played by the hospital environment in infection risk, 
residual risk of BSI still remained. The magnitude of this 
residual risk, however, is difficult to determine in the absence 
of a control group without hospital exposure. Although not 
examined in our study, it would also be important to deter­
mine how the hazard of infection varies after discharge, which 
would allow us to investigate whether the relatively constant 
hazard of infection in the hospital remains stable outside the 
hospital setting or whether infection probability falls off. In 
addition, our study did not consider competing risks due to 
death and discharge, which are not independent of risk of 
infection.15 

Although we controlled for numerous potential risk factors, 
our study was limited by potential unmeasured confounders 
that may be associated with both length of stay and BSI, such 
as time-varying conditions unaccounted for by catheter ad­
ministration and ICU stay. Since we found that the risk of 
infection as related to length of stay is significantly diminished 
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FIGURE 2. Plot of the hazard of bloodstream infection estimated from models with sequential adjustment for risk factors for bloodstream 
infection. ICU, intensive care unit. 
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TABLE 2. Coefficient for Time and Hazard of Bloodstream Infection in Sequentially Adjusted Models 

Model 

Unadjusted 
Adjusted for age and sex 
Adjusted for age, sex, and comorbidity" 
Adjusted for age, sex, comorbidity," indwelling devices,b 

and ICU stay 

First-order 
time term, t 

0.0454 
0.0400 
0.0235 

0.0055 

P 

<.0001 
<.0001 

.002 

.48 

Second-order 
time term, t2 

-0.00055 
-0.00045 
-0.00023 

0.00024 

P 

.003 

.015 

.024 

.90 

NOTE. ICU, intensive care unit. 
" Comorbidity includes renal failure, malignancy, and Charlson score. 
b Indwelling devices include mechanical ventilation and central venous catheterization. 

when controlling for the measured confounding variables, it 
is plausible that controlling for additional unmeasured con-
founders would have reinforced the null association we 
found. Furthermore, use of an electronic algorithm to define 
infections may have misclassified symptomatic infections for 
which cultures were not obtained. However, the use of a 
laboratory-based definition allowed for specific identification 
of a bacterial infection and likely reduced bias due to an 
assessor's subjective judgment.16 Nevertheless, our inability 
to record clinical signs and symptoms of infection was a 
limitation of the study. 

Despite these limitations, we were able to explore the role 
played by length of stay as an independent risk factor for BSI 
in more detail than previous studies, describing the hazard 
of infection while also paying attention to time-varying risk 
factors. This study was also well powered to detect a nonlinear 
hazard of infection in the crude analysis. 

In conclusion, we observed a nonlinear increase in the 
hazard of BSI in the healthcare setting, which was attenuated 
to a constant hazard of BSI after adjusting for risk factors 
for BSI. Hence, the association between longer length of hos­
pital stay and increased risk of infection can largely be ex­
plained by the increased duration of stay among those who 
had underlying morbidity and those who required invasive 
procedures. We should take caution in attributing the asso­
ciation between length of stay and BSI to a direct negative 
impact of the healthcare environment. 
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