\

=CHEST

M

[ Original Research COPD }

Effect of Hospital Use of Oral Nutritional
Supplementation on Length of Stay, Hospital Cost,

and 30-Day Readmissions Among Medicare Patients
With COPD
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BACKGROUND: COPD is a leading cause of death and disability in the United States. Patients
with COPD are at a high risk of nutritional deficiency, which is associated with declines in
respiratory function, lean body mass and strength, and immune function. Although oral
nutritional supplementation (ONS) has been associated with improvements in some of these
domains, the impact of hospital ONS on readmission risk, length of stay (LOS), and cost
among hospitalized patients is unknown.

METHODS: Using the Premier Research Database, we first identified Medicare patients
aged = 65 years hospitalized with a primary diagnosis of COPD. We then identified hospi-
talizations in which ONS was provided, and used propensity-score matching to compare
LOS, hospitalization cost, and 30-day readmission rates in a one-to-one matched sample of
ONS and non-ONS hospitalizations. To further address selection bias among patients pre-
scribed ONS, we also used instrumental variables analysis to study the association of ONS with
study outcomes. Model covariates included patient and provider characteristics and a time
trend.

RESULTS: Out of 10,322 ONS hospitalizations and 368,097 non-ONS hospitalizations, a
one-to-one matched sample was created (N = 14,326). In unadjusted comparisons in the
matched sample, ONS use was associated with longer LOS (8.7 days vs 6.9 days, P<<.0001),
higher hospitalization cost ($14,223 vs $9,340, P<.0001), and lower readmission rates (24.8%
vs 26.6%, P=.0116). However, in instrumental variables analysis, ONS use was associated
with a 1.9-day (21.5%) decrease in LOS, from 8.8 to 6.9 days (P <.01); a hospitalization cost
reduction of $1,570 (12.5%), from $12,523 to $10,953 (P <.01); and a 13.1% decrease in
probability of 30-day readmission, from 0.34 to 0.29 (P <.01).

CONCLUSIONS: ONS may be associated with reduced LOS, hospitalization cost, and readmis-
sion risk in hospitalized Medicare patients with COPD. CHEST 2015; 147(6):1477-1484
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COPD is a leading cause of morbidity and mortality,
with 14.8 million prevalent diagnosed cases in the
United States.! COPD is associated with progressive
declines in respiratory function, mediated in part
through frequent acute exacerbations as the disease
worsens.2? Declining respiratory function, in turn, leads
to increased mortality risk,*5 reduced quality of life,8
and greater risk of disability.25910

COPD also imposes a substantial economic burden.

In 2010, for example, the cost of COPD in the United
States was estimated at nearly $50 billion annually.2!!
Because of its typical onset later in life and its progres-
sive nature,2 COPD imposes particularly large costs on
Medicare. Compared with age- and sex-matched coun-
terparts without COPD, Medicare patients with COPD
incurred approximately $20,500 (26.0%) more in health-
care costs in 2004.'2 In response to the growing preva-
lence of and large costs associated with COPD, Medicare
is implementing new hospital quality targets designed
specifically to measure and improve the quality of care
provided to patients with COPD.!* These targets include
a mandate, beginning in 2015, to reduce preventable
readmissions among patients with COPD. Under the
mandate, hospitals with readmission rates above a risk-
adjusted target will be required to pay penalties for the
“excess” readmissions.'>* Given these quality initiatives
and the fixed payments hospitals receive for the manage-
ment of patients admitted with exacerbations of COPD,
providers must find new, cost-effective strategies to improve
the quality of hospital care for patients with COPD.

To date, much of the management of patients hospital-
ized with COPD has focused on the appropriate use of
nebulized bronchodilators, systemic corticosteroids,

supplemental oxygen, and antibiotics.2!>'¢ However,
these management strategies neglect an important
comorbidity of patients hospitalized with COPD: nutri-
tional deficiency. Nutritional deficiency and negative
energy balance are common among patients hospitalized
with COPD, particularly during acute exacerbations,'”-?
and have been associated with poor prognoses.2-22 Not
surprisingly, growing evidence suggests that nutritional
interventions such as vitamin D repletion,?*?* dietary
fiber,2326 and oral nutritional supplementation (ONS)>-22
are associated with improved outcomes for patients with
COPD on a variety of dimensions. In particular, ONS
use is associated with improvements in weight gain, lean
body mass, muscle strength, 6-min walking distance,
and ability to exercise in patients with COPD.? Despite
the importance of nutritional support in patients with
COPD, however, current guidelines do not include
specific recommendations for addressing nutritional
deficiencies in this population.'s Also, in addition to
the clinical benefits to patients with COPD, nutri-
tional support through ONS in other disease states

has been associated with reduced costs,**3* length of
stay (LOS),27%3 and readmission rates among hospitalized
patients.3>37

Despite the effects of nutritional deficiencies on mor-
bidity and mortality in patients with COPD and the large
burden of COPD-related costs to Medicare, limited evi-
dence exists on the association between hospital use of
ONS and outcomes of Medicare patients hospitalized
with COPD. To address this issue, we examined the asso-
ciation between hospital ONS use and LOS, hospitaliza-
tion cost, and 30-day readmission in Medicare patients
aged = 65 years hospitalized with COPD.

Materials and Methods
Data Source

The study sample was obtained from the Premier Research Database,
which contains deidentified diagnostic information and billing records
from 46 million hospitalizations in 460 hospitals from 2000 to 2010.
Estimated to cover 20% of all US hospitalizations, the Premier database
includes data from mostly small to midsized hospitals serving primarily
urban populations in 41 states, representing all regions of the United
States, and it is considered to be representative of US hospitalizations.?

Study Design

We focused on adults aged = 65 years who were covered by Medicare
and had a hospitalization with a primary diagnosis of COPD, as indi-
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cated by International Classification of Diseases, Ninth Revision, Clinical
Modification codes 491.XX, 492.XX, and 496. Because our focus was on
the association between ONS use and hospital outcomes, we excluded
hospitalizations that involved tube feeding. Hospitalizations with either
incomplete data or that resulted in in-hospital mortality were excluded.
Our final sample included 378,419 hospitalizations.

Measures

We analyzed the association between hospital ONS use and three
outcomes: LOS, hospitalization cost, and 30-day readmission. Hospi-
talization cost was defined as the cost of hospitalization rather than
the amount reimbursed by Medicare. Costs included all supplies, labor
costs, and depreciation of equipment. Monetary figures were reported
in 2010 US dollars and were adjusted for inflation using the medical
consumer price index from the Bureau of Labor Statistics.” A readmis-
sion was defined as a return hospitalization for any diagnosis occurring
within 30 days of the original COPD hospitalization. For patient con-
fidentiality purposes, the Premier database does not contain the exact
discharge date, only the month and year, so the 30-day window was
approximated by looking for admissions later in the same month or in
the following month.
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The study treatment was defined as any ONS use during the inpatient
hospitalization. Because there are no International Classification of
Diseases, Ninth Revision, Clinical Modification or Current Procedural
Terminology codes identifying ONS use, we relied on the Premier
database definition of “complete nutritional supplement, oral” Product
names given under this definition were manually checked for accuracy.

Covariates in our statistical analyses included age, age squared, insur-
ance type (because some individuals had additional insurance beyond
Medicare), marital status, race, sex, indicators of all comorbidities in
the Charlson index,>* history of admissions in the previous 6 months,
and admission source (ED, physician referral, or interfacility transfer).

Statistical Analysis

Previous research has demonstrated that patients who receive ONS are,
on average, more ill than those who do not receive ONS, not only on the
basis of observed comorbidities but also on unobserved dimensions,”
which leads to the possibility of selection bias. To address this potential
bias, we used two techniques: propensity-score matching,* which con-
trols for observed differences between individuals receiving ONS and
those not receiving it, and instrumental variables analysis, which is an
established approach in econometrics to account for both observed and
unobserved differences.

To conduct the propensity-score matching, we used a logistic regression
model to estimate the likelihood of receiving ONS as a function of the
covariates noted previously. Each ONS hospitalization was matched to
its nearest neighbor non-ONS hospitalization. Ordinary least squares
regression analyses were then performed on the matched sample to
determine the association between ONS use and the three study out-
comes (LOS, hospitalization cost, and 30-day readmission), controlling
for the covariates noted previously. To further control for patient het-
erogeneity in severity of illness, the model also included fixed effects for
groups based on the duration of patient follow-up data: 1 day to 1 year,
1 to 2 years, 2 to 3 years, and > 3 years. Because patient life expectancy
could generally not be observed, follow-up duration served as a proxy
for patient health status.

The propensity-score matching served to produce a sample that
was more homogeneous in terms of observed characteristics such
as age, sex, race, and comorbidities. Importantly, propensity score
methods can help address confounding by observable characteris-
tics by balancing the exposure and treatment groups according to
those observable characteristics. Propensity score methods do not,
however, address confounding in unobservable characteristics such
as unmeasured health status and socioeconomic status, both of which

may be associated with the propensity to receive ONS and hospital
outcomes.

We, therefore, also performed an instrumental variables analysis on the
matched sample. Instrumental variables analysis can help address bias
from nonrandom selection into treatment by using an instrument that
is correlated with treatment but otherwise unrelated to outcomes. For
example, one of the first illustrations of instrumental variables analysis
in a clinical context was a retrospective observational analysis of the
association between more intensive treatments for acute myocardial
infarction (namely, coronary revascularization vs thrombolysis) and
mortality.! Since individuals at higher risk of mortality may be
expected to receive more intensive treatments (thereby producing a
positive correlation between the two variables), the study used differ-
ential distance to a percutaneous coronary intervention (PCI)-capable
hospital as a source of randomization of patients to more vs less inten-
sive treatment (ie, distance was an instrumental variable). The study
demonstrated that patient distance to a PCI-capable site was strongly
correlated with how intensively a patient with acute myocardial infarc-
tion was treated but uncorrelated with observed health status. Therefore,
differential distance to PCI-capable sites was argued to effectively ran-
domize patients to different propensities to receive intensive treatment.
This analysis found evidence consistent with randomized controlled trials,
namely intensive care was associated with improved mortality outcomes.

In the spirit of this illustration, we exploited the fact that there is sig-
nificant variation across hospitals in the likelihood that patients receive
ONS. We defined our instrument to be the fraction of hospitalizations
in a given hospital in a given quarter involving any ONS use. Notably, this
instrument was defined across all episodes in the hospital, not just those
involving elderly Medicare patients with COPD, and, therefore, was
unlikely to be related to the health status of the patients in this analysis.
Details on instrument validation are presented in e-Appendix 1. Other
research has relied on variations in provider practice patterns to identify
causal effects of treatments.”>* Importantly, although instrumental vari-
ables analysis can help address confounding due to unmeasured covari-
ates, it is not a substitute for randomized experimental study designs.

To facilitate comparison with the propensity-score matching model
results, instrumental variables regression analyses were conducted using
the same covariates as those used in the propensity-score analyses.
(See e-Appendix 1 for comparison of these analyses.) In the case of
cost analyses, regressions were performed on the natural logarithm of
hospitalization cost to account for heteroskedastic errors. Results were
then transformed back into dollars using Duan’s smearing estimator.*s
Two-sided P values of = 5% were considered statistically significant.

Results

ONS was provided in 10,322 out of 378,419 hospitaliza-
tions (2.7%). Patients receiving ONS were, on average,

6 months older (P<<.0001), more likely to have had a prior
admission in the preceding 6 months (50.7% vs 41.2%,
P<.0001), and less likely to be discharged to home
(38.7% vs 59.4%, P <<.0001) (Table 1). Hospitalizations
in which ONS was provided were of longer duration
(average LOS, 8.8 days vs 5.2 days, P<<.0001) and higher
cost ($14,405 vs $7,832, P<.0001) and were more likely
to be followed by readmission (29.6% vs 25.3%, P<<.0001).

Using propensity-score matching to match each ONS
hospitalization to its nearest neighbor non-ONS hospi-
talization yielded a one-to-one matched sample of
14,326 hospitalizations. After matching, no statistically

journal.publications.chestnet.org

significant differences remained in the covariates. How-
ever, statistically significant differences remained in
outcomes. For example, ONS use was associated with
longer LOS (8.7 days vs 6.9 days, P<.0001) and higher
hospitalization costs ($14,223 vs $9,340, P <<.0001).
ONS use was associated with lower readmission rates
in the matched sample (24.8% vs 26.6%, P =.0116),
although given their greater severity of illness, this may
have been because a larger fraction of patients in ONS
hospitalizations were lost to follow-up (eg, because of
death or admission to a different facility). This possibility
was taken into account in the readmission analyses
described subsequently.

Instrumental variables analysis was used after covariate
adjustment in the matched samples to address bias from
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oral nutritional supplementation.

Data are shown as No. (%) unless otherwise indicated. ONS

sSample excludes tube feeding. Definitions of “admitted past 6 mo” and “readmitted within 30 d” are approximate because the underlying data represents dates as month and year only.

bx? test for categorical variables and Student t test for continuous variables.

selection on unobserved characteristics (Table 2). In this
approach, ONS use was associated with a reduction in
LOS of 21.5% (6.87 days vs 8.75 days, P<.01).

Similarly, ONS was associated with a reduction in hos-
pitalization cost of $1,570, or 12.5% ($10,953 vs $12,523,
P<.01). Given that the average cost to provide ONS
was $88 per hospitalization?’ (including associated cap-
ital and labor expenses), this suggests that ONS use was
cost effective, generating a reduction in hospital costs of
nearly $18 for every $1 spent to provide ONS. In instru-
mental variables analysis of readmissions, ONS use was
associated with a reduction in the 30-day readmission
probability of 13.1% (0.291 vs 0.335, P<.01).

Discussion

Patients with COPD are at chronically high risk of nutri-
tional deficiency,* which is deleterious to muscle, gut,
and immune function.*s*8 Acute exacerbations are fur-
ther complicated by impaired energy balance caused by
reductions in dietary intake and increased resting meta-
bolic energy expenditures.”” Both facts suggest that
nutritional support during periods of acute COPD exac-
erbation could have the potential to improve outcomes.
Although ONS has been associated with improved out-
comes among patients with COPD,?7:3335-37 the role of
hospital ONS in reducing LOS, cost, and readmission
risk among hospitalized patients is unknown. Our study
suggests that use of ONS among patients hospitalized
with COPD is associated with reductions in LOS of

1.9 days (21.5%) (P <.01), reductions in hospitalization
costs of $1,570 (12.5%) (P<.01), and reductions in
30-day readmission by 13.1% (from 0.335 to 0.291)
(P<.01). These hypothesis-generating findings, if con-
firmed by randomized evidence, may stem from the
ability of ONS to improve negative energy balance during
periods of acute COPD exacerbation.!7-19

In addition to the clinical benefits of lowered LOS and
rehospitalization rates suggested by our study, our
results have important policy implications given Medi-
care’s current efforts to improve quality of care while
restraining costs. In particular, our findings suggest the
possibility that increased provision of ONS by hospitals
could reduce costs of care for patients with COPD,
while also decreasing their likelihood of being penalized
for exceeding Medicare’s new risk-adjusted readmission
targets. Given that the total cost of ONS has been esti-
mated at only $88 per hospitalization,” our estimated
hospital cost reductions and the reduced risk of read-
mission penalties suggest that ONS may be highly cost
effective.
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TABLE 2 | Effect of ONS Use on Hospital Episode-Level Outcomes

Outcome Length of Stay Episode Cost Readmission Within 30 d, Probability
Effect of any ONS use —1.882 —-1,5702 —0.04392

SE 0.71 41.8 0.0162
Predicted outcome without ONS 8.75d $12,523 0.335
Predicted outcome with ONS 6.87 d $10,953 0.291
Change caused by ONS use, % -21.5 -12.5 -13.1
No. observations 14,326 14,326 11,712

Regression results from a matched sample of ONS hospitalizations matched 1:1 to non-ONS hospitalizations on propensity to receive ONS. Instrument
is fraction of hospitalizations in a given hospital in a given quarter involving ONS use. For episode costs, dependent variable in the regressions is log of
hospitalization cost. Costs are denominated in 2010 US dollars. Predicted hospitalization costs use Duan’s smearing estimator. For readmission
analysis, 30-d readmission window is approximate because only the month and year were observed in the data; readmission sample was restricted to
those hospitalizations that could be tracked for follow-up. SEs take into account repeated observations of the same individual. See Table 1 for

expansion of abbreviations.
aSignificant at the 1% level.

Our findings are consistent with those of prior studies
that suggest clinical benefit and reductions in health-
care costs associated with ONS use. Myint et al** found
that ONS was associated with reductions in LOS of

3.8 days. Gariballa et al* found that ONS use was associ-
ated with reductions in readmissions by 27% in patients
aged = 65 years. Norman et al*¢ and Cawood et al® also
found that ONS use was associated with reduced read-
missions. Assessing outcomes among adult inpatients in
the Premier database, Philipson et al?” found that ONS use
was associated with reductions in LOS by 21.0%, hospital
costs by 21.6%, and probability of readmission by 6.7%.

Nevertheless, existing evidence for the benefits of ONS
in COPD is mixed. Until recently, meta-analyses and
systematic reviews of the literature on nutritional sup-
plementation found little evidence of benefit to patients
with COPD.505! A systematic review of randomized con-
trol trials of nutrition supplementation in COPD by
Ferreira et al,? however, suggests increasing evidence
that ONS use is associated with improved outcomes in
patients with COPD, although their findings are mixed.
These findings are based on 17 studies, with a total of
632 participants. Although we are unable to observe
anthropometric data or clinical end points, our matched
sample of 14,326 hospitalized patients with COPD makes
this study the largest on this topic, to our knowledge.

Additionally, our study may be the first to assess the asso-
ciation between ONS use and hospital costs among patients
with COPD in the United States. However, studies in
other countries suggest ONS is cost effective.*32 In the
United Kingdom, for example, the National Institute for
Health and Clinical Excellence (NICE) concluded that
ONS is valuable for malnourished patients and has
issued guidelines recommending its use by physicians.>

1482 Original Research

Our study used an instrumental variables approach to
attempt to address the fact that individuals receiving
ONS are likely to be more ill on both observed and
unobserved dimensions. The instrumental variables
approach compared ONS hospitalizations to non-ONS
hospitalizations in which the decision to provide ONS
hinged on the provider’s inclination to provide it, rather
than on underlying patient characteristics. This creates a
natural experiment, attempting to simulate randomiza-
tion into treatment and control arms based on hospitals’
propensity to provide ONS. The considerable differ-
ence in outcomes between unadjusted comparisions and
instrumental variables analyses may reflect the extent of
selection bias: After employing instrumental variables,
the direction of the effect on every outcome was reversed
(e-Appendix 1).

Our study has several limitations. First, although instru-
mental variable analysis can in theory address baseline
differences in confounding variables, it cannot transform
nonexperimental observational data into randomized
trial evidence. We performed instrument validity tests
that demonstrated that hospitals with high and low
ONS use were not meaningfully different on many
dimensions, which argues against unmeasured con-
founding. As with any instrumental variables analysis,
however, we cannot rule out the possibility of con-
founding. For example, hospitals with high ONS rates
may have malnutrition screening programs and may be
more attuned to nutrition. If so, our estimated effects

of ONS use may be construed as reflecting the impact of
a bundle of hospital policies that promote nutritional
support among acutely ill hospitalized patients. There-
fore, our findings can only be viewed as tentative
hypotheses that are suggestive of the possible effects of
ONS use on hospital LOS, costs, and readmission rates.
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Randomized trial evidence is needed to confirm these
findings but may be difficult to obtain given ethical
issues associated with withholding nutritional support
from patients that are considered in need of this supple-

rates among patients with COPD. Screening for malnu-
trition among patients hospitalized with COPD and
providing ONS to malnourished and nutritionally
at-risk patients may offer significant health benefits to

mentation by providers.

A second limitation of our study is that the Premier
data stem from hospital administrative records. It,
therefore, does not contain clinical details such as
laboratory test results and measures of nutritional
status, which would be important to account for in

our analysis.

In summary, our study suggests that ONS use is associ-
ated with reduced LOS, hospital costs, and readmission

patients, as well as economic benefits to hospitals and

Conclusions

the Medicare program. Randomized trial evidence is
needed to confirm these hypotheses.

Our study suggests that use of ONS among Medicare
patients hospitalized with COPD is associated with

reduced LOS, hospitalization cost, and risk of 30-day

readmission. ONS may offer an opportunity for hospi-
tals to reduce costs and improve quality of care.
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