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testing, as well as individualized dosing 
of drugs in effective multidrug regimens. 
Although such approaches may be more 
expensive than “flat dosing” it may be 
crucial to reduce the risk of drug resist-
ance and its subsequent spread [15].

The added value of repurposed drugs 
and innovative methods of individu-
ally tailored drug delivery should be 
considered in tandem with genomic tools 
to guide optimal treatment and the urgent 
search for new treatment approaches.
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Effects of Including Variables 
Such as Length of Stay in a 
Propensity Score Analysis With 
Costs as Outcome

To the Editor—We read with great 
interest the recent article by Klein and 
colleagues [1] regarding the impact of 
methicillin-resistant Staphylococcus au-
reus (MRSA) infections compared with 
methicillin-susceptible Staphylococcus 
aureus (MSSA) infections on hospitaliza-
tion costs and mortality. As the authors 
correctly noted, the epidemiology of 
MRSA and MSSA, as well as prescribing 
patterns of physicians, have changed 
greatly in the last decade, necessitating 
studies on this important subject using 
more recent data.

However, the interpretation of a pro-
pensity score analysis requires careful 
attention to the details of the covariates 
used to derive the propensity score, a 

point made in a recent letter to Clinical 
Infectious Diseases [2]. Although the 
inclusion of baseline subject character-
istics such as age, race, hospital region, 
and Charlson comorbidity index was 
appropriate in the study by Klein et  al, 
the inclusion of characteristics that 
occur downstream from the acquisition 
of MRSA or MSSA infection may lead 
to difficulty in interpreting the results. 
Specifically, because length of stay and 
number of procedures performed were 
used as covariates to derive the pro-
pensity score with the outcome of cost 
of hospitalization, the results should be 
assessed with caution. Length of stay, 
in addition to possibly being associated 
with medical comorbidities [3], may 
serve as a primary mechanism by which 
a MRSA infection would lead to health-
care costs that are higher than costs of a 
MSSA infection [4], although the impact 
on costs of prolonging length of stay re-
mains controversial [5]. Adjusting for 
these intermediate variables, known as 
mediators [6], in studies that use pro-
pensity scores complicates the interpre-
tation of results.

Causal diagrams are frequently 
used in epidemiology to clarify com-
plex relationships between covariates 
and to identify variables to include in 
or exclude from adjusted analyses [7]. 
We depict proposed relationships be-
tween MRSA infections, length of stay, 
increased number of procedures, other 
mechanisms of increased costs, and the 
costs themselves in Figure 1.

Adjustment for increased length of 
stay and increased number of procedures 
leads to an analysis in which the estimate 
of the effect of MRSA infection on costs 
only includes c, the effect of mechanisms 
that lead to increased costs that do 
not relate to increased length of stay or 
increased number of procedures.

To illustrate the concept with a different 
hypothetical example, suppose that the use 
of vancomycin for MRSA infections leads 
to increased vancomycin-induced nephro-
toxicity and subsequent increased length 
of stay due to the need to manage acute 
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kidney injury. In a study of vancomycin 
compared with another antimicrobial 
for the treatment of MRSA infections in 
inpatients, suppose that a researcher used 
a propensity score analysis. The inclusion 
of length of hospital stay in the propensity 
score would adjust away the effect on the 
cost of vancomycin, resulting in increased 
length of hospital stay.

In the study by Klein et al, adjustment 
for potential mediators in the propen-
sity score analysis leads to an analysis 
the outcome of which is the extent to 
which MRSA infection, compared with 
MSSA infection, leads to increased or 
decreased healthcare costs not associated 
with length of stay, need for procedures, 
or severity of illness. However, we do not 
believe that this was the authors’ intent.

The presence of confounders of these 
intermediate variables (such as baseline 
comorbidities and their effect on both 
MRSA risk as well as length of stay) fur-
ther complicates the analysis; a recent re-
view discusses analytic methods for the 
problem of confounded intermediates [8].

We would be curious to see the results of 
an analysis that excludes from the propen-
sity score derivation potential mediators of 
cost such as increased length of stay and 
increased number of procedures.
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Figure 1. Causal diagram showing proposed relationships between MRSA infections, length of stay, increased 
number of procedures, other mechanisms of increased costs, and the costs of hospitalization. Abbreviation: 
MRSA, methicillin-resistant Staphylococcus aureus.

personal fees from Baxter, outside the submitted 
work. Both authors have submitted the ICMJE 
Form for Disclosure of Potential Conflicts of 
Interest. Conflicts that the editors consider rele-
vant to the content of the manuscript have been 
disclosed.

Vagish Hemmige1 and Michael Z. David2

1Division of Infectious Diseases, Albert Einstein College 
of Medicine, Bronx, New York; and 2Division of Infectious 

Diseases, Department of Medicine, University  
of Pennsylvania, Philadelphia

References
1. Klein  EY, Jiang  W, Mojica  N, et  al. National 

costs associated with methicillin-susceptible 
and methicillin-resistant Staphylococcus aureus 
hospitalizations in the United States, 2010–2014. 
Clin Infect Dis 2019; 68:22–8.

2. Roth JA, Juchler F, Widmer AF, Battegay M. Plea for 
standardized reporting and justification of propen-
sity score methods. Clin Infect Dis 2019; 68:710–1.

3. Matsui  K, Goldman  L, Johnson  PA, Kuntz  KM, 
Cook  EF, Lee  TH. Comorbidity as a correlate of 
length of stay for hospitalized patients with acute 
chest pain. J Gen Intern Med 1996; 11:262–8.

4. Fine MJ, Pratt HM, Obrosky DS, et al. Relation be-
tween length of hospital stay and costs of care for 
patients with community-acquired pneumonia. 
Am J Med 2000; 109:378–85.

5. Taheri PA, Butz DA, Greenfield LJ. Length of stay 
has minimal impact on the cost of hospital admis-
sion. J Am Coll Surg 2000; 191:123–30.

6. Corraini  P, Olsen  M, Pedersen  L, Dekkers  OM, 
Vandenbroucke JP. Effect modification, interaction 
and mediation: an overview of theoretical insights 
for clinical investigators. Clin Epidemiol 2017; 
9:331–8.

7. Greenland S, Pearl  J, Robins JM. Causal diagrams 
for epidemiologic research. Epidemiology 1999; 
10:37–48.

8. Richiardi  L, Bellocco  R, Zugna  D. Mediation 
analysis in epidemiology: methods, inter-
pretation and bias. International Journal of 
Epidemiology 2013;42(5):1511–9. doi: 10.1093/
ije/dyt127.

Correspondence: V. Hemmige, Division of Infectious Diseases, 
Department of Medicine, Albert Einstein College of Medicine, 
3400 Wayne Avenue, Suite 4H, Bronx, NY 10467 (vahemmig@
montefiore.org).

Clinical Infectious Diseases®  2019;69(11):2039–40
© The Author(s) 2019. Published by Oxford University Press for 
the Infectious Diseases Society of America. All rights reserved. 
For permissions, e-mail: journals.permissions@oup.com.
DOI: 10.1093/cid/ciz347

Reply to Hemmige and David

To the Editor—Methicillin-resistant 
Staphylococcus aureus (MRSA) remains 
among the leading causes of mortality 
in the United States due to antibiotic-
resistant infections [1]. However, as we 
recently reported, rates of methicillin-
susceptible S.  aureus (MSSA) increased 
between 2010 and 2014 [2], as did the costs 
for treating these infections [3]. In fact, 
our estimates for 2014 found that the av-
erage costs of MSSA pneumonia and other 
infections (which are primarily skin and 
soft tissue infections) were higher than 
comparable MRSA infections [3]. These 
results utilized propensity score matching 
(PSM) to reduce biases and dependence 
on model formulation in the results.

Hemmige and David [4] expressed con-
cern that the inclusion of patient length of 
stay (LOS) and the number of procedures 
performed in the analysis may have biased 
the outcomes by being one of the causal 
factors driving the differences in costs 
between MRSA and MSSA infections. In 
developing the paper, we included LOS 
as a matching parameter because there 
is also a causal relationship between LOS 
and the acquisition of hospital-acquired 
infections (HAIs) [5–7], and S. aureus is 
a common HAI-causing pathogen [1]. 
Additionally, a multitude of factors, not 
just infections, can affect a patient’s LOS, 
and we did not have information on in-
fection timing. We were thus more con-
cerned about the potential of matching 
patients with short and long LOSs that 
were due to other factors. We accounted 
for this in two ways. First, we matched on 
stratified LOS: ≤7, 8–14, 15–20, and 21+ 
days. Second, we conducted a subanalysis 
of patients with relatively short LOSs 
(≤10 days) and no mortality to reduce the 
bias from other factors driving LOS [3]. 
With regards to procedures, we included 




