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Objective. To compare cost estimates for hospital stays calculated using diagnosis-
related group (DRG) weights to actual Medicare payments.

Data Sources/Study Setting. Medicare MedPAR files and DRG tables linked to
participant data from the Study of Osteoporotic Fractures (SOF) from 1992 through
2010. Participants were women age 65 and older recruited in three metropolitan and
one rural area of the United States.

Study Design. Costs were estimated using DRG payment weights for 1,397 hospital
stays for 795 SOF participants for 1 year following a hip fracture. Medicare cost esti-
mates included Medicare and secondary insurer payments, and copay and deductible
amounts.

Principal Findings. The mean (SD) of inpatient DRG-based cost estimates per
person-year were $16,268 ($10,058) compared with $19,937 ($15,531) for MedPAR
payments. The correlation between DRG-based estimates and MedPAR payments was
0.71, and 51 percent of hospital stays were in different quintiles when costs were calcu-
lated based on DRG weights compared with MedPAR payments.

Conclusions. DRG-based cost estimates of hospital stays differ significantly from
Medicare payments, which are adjusted by Medicare for facility and local geographic
characteristics. DRG-based cost estimates may be preferable for analyses when facility
and local geographic variation could bias assessment of associations between patient
characteristics and costs.

Key Words. Hospital costs, DRG weights, Medicare claims, Medicare payment,
cohort-claims linked studies
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Studies of health care costs in the United States commonly use Medicare pay-
ment variables in claims files as an indicator for those costs for three reasons;
(1) those age 65 and older have the highest per person health care costs; (2)
Medicare is the insurance carrier that is the primary payer for 95 percent of
this segment of the population, allowing for such studies to be representative
to all regions of the United States; and (3) Medicare strives to pay a specific
amount needed to care for that condition based on the resource intensity
needed for patients with that condition. Medicare inpatient claims files include
what Medicare and secondary insurers (if any) paid the hospital provider,
deductible and copayments for which the patient is responsible, and any addi-
tional outlier payments added by Medicare.

Large epidemiologic cohort studies, such as the Study of Osteoporotic
Fractures (SOF), Framingham, and the Women’s Health Initiative, have
phenotypically characterized individual participants with greater detail and
accuracy than claims or medical record data. Therefore, linkages of these
cohorts to Medicare claims may improve estimation of the association
between individual characteristics and health care costs.

Despite the advantages of Medicare data, calculating resource costs for
hospital care using linked cohort Medicare claims datasets presents many
challenges. Large cohort studies typically recruit their study populations in a
limited number of regions of the United States. The choice of specific study
sites is important for two reasons. First, there is significant geographic varia-
tion in health care costs across the United States (Fisher et al. 2003a,b; Song
et al. 2010; Zuckerman et al. 2010; Kelley et al. 2011) even within small geo-
graphic regions (Rosenthal et al. 1997). The degree to which this variation can
be explained by beneficiary health status is controversial (Hadley et al. 2011;
Hadley and Reschovsky 2012), but if geographic variation in “true” inpatient
costs is not the focus of a particular study, the choice of study sites could affect
the results in unintended ways.
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Second, even if the actual resources used to treat case mix and severity-
adjusted patients in two geographic areas are identical, Medicare adjusts pay-
ments to most hospital providers for local variation in the unit prices of inputs
to care (labor and capital). These geographic differences may not be relevant
to the determination of associations between individual characteristics and
resource costs required for their health care unless the analysis is focused
specifically on variation due to input prices. For example, whether a patient is
hospitalized for a condition in a region with high labor costs conceptually
would not be relevant to the association of chronic kidney disease with the
resources required to care for patients with that condition. Removing geo-
graphic adjustment factors is also required to generalize findings of studies
with data from only some to all geographic regions of the United States.

Medicare also pays extra to hospitals that employ physicians in training
(interns and residents) and to hospitals that care for a disproportionate share
(DSH) of indigent clients. As is true of input prices, being in a teaching versus
nonteaching hospital or a DSH hospital may not be relevant to the association
of individual characteristics with resource costs required for hospital care,
unless the focus is explicitly on comparison of Medicare’s costs across those
types of institutions.

Medicare payment policy also has changed over time, including the
diagnosis-related group (DRG) codes assigned to different constellations of
ICD-9 diagnoses and procedures, the weights assigned to those DRGs, and
the specific methodology for geographic adjustments. Cohort-claims linked
studies that have followed participants over many years need to account for
these time specific differences and for health care cost inflation, such that
hospital utilization in different years is comparable.

Finally, Medicare does not use the prospective payment system (PPS,
introduced in 1983) to determine payments to hospitals in the State of Mary-
land, critical access hospitals, some other rural hospitals, and some compre-
hensive cancer centers. If a significant proportion of claims linked to cohort
data are from hospitals not paid under the PPS, then making payments to all
hospitals comparable presents a challenge.

Our purpose is to demonstrate how researchers can overcome these
challenges. First, we describe in more detail how Medicare adjusts payments
to hospitals. Second, we propose a method of estimating costs based on DRG
weights that reflects the acuity of the medical and/or surgical condition of the
patient, but it does not include other adjustments based on geographic loca-
tion and other hospital characteristics. Third, we compare cost estimates pro-
duced by the DRG weight method to cost estimates from Medicare Provider
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Analysis and Review (MedPAR) claims data for hospital claims for 1 year
following a hip fracture, using data of the SOF.

HOW DOES CMS DETERMINE PAYMENT FOR A
HOSPITAL STAY?

We begin with a general overview of how Medicare determines payment for
hospital stays under the PPS.

1. Before the start of each fiscal year, Medicare determines a standard
base payment amount for all hospital stays (Table 1), published each
year in the Federal Register." Medicare assigns a DRG code to each
hospital stay based on the constellation of the diagnoses and proce-
dures associated with that stay. Each DRG is assigned a weight that
reflects the intensity of monetary resources required to care for a per-
son with that DRG, and it is calculated by Medicare as the average
costs across the United States for all hospital stays assigned to that spe-
cific DRG relative to the average cost for all hospitalizations (Edwards
et al. 1994; Goldfield 2010). From 1992 through 2004, the standard-
ized base amount varied according to whether the hospital provider
was located in a large urban, other urban, or rural area (Table 1).

2. Medicare then adjusts the standard base payment amount for the rela-
tive input prices of labor and capital specific for the geographic loca-
tion in which the hospitalization occurred, first splitting the standard
base payment amount into operating and capital components. Medi-
care adjusts a portion of the operating amount (ranging from 62 to 71
percent between 1992 and 2010) for labor costs using the hospital
wage index (hwi), and the capital amount by the capital wage index
(cwi; called the geographic adjustment factor in the CMS Impact
Files [Centers for Medicare and Medicaid Services 2013] since 2005).
The geographic-adjusted standard base amount is thus calculated as:

(Standard Base Amount)g.graphicadjusied
= (Standard Base Amount)yyapjustep * Prop_Operating
* [Prop_Labor * hwi + (1 — Prop_Labor)] (1)
+ (Standard Base Amount)ynapjustep

* (1 — Prop_Operating) * cwi
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where: Standard_Base_Amountynapjustep is the sum of the standard operat-
ing and capital amounts beforeadjustment for local capital and labor input prices;
Prop_Operating is the proportion of the total unadjusted standard base amount
that is for operating costs; and Prop_Labor is the proportion of the operating
costs attributable to labor and therefore subject to adjustment by the hwi.

3. The geographically adjusted standard base amount then is multiplied
by the weight for that DRG. The DRG weights for all DRGs for each
year 1992 through 2010 inclusive are publicly available on the CMS
website (also available from the VA Health Economic Resource
Center) (Centers for Medicare and Medicaid Services 2009; Veterans
Administration Health Economics Resource Center 2013).

4. Medicare adds additional payment for stays that are considered out-
liers for which the DRG codes are thought not to fully capture the
true costs of caring for that person, based on procedure and diagnosis
codes and/or length of stay.

5. However, in instances where the length of stay is particularly short
and the person is transferred to another hospital, Medicare believes
costs of care are being shifted from the hospital to which the patient
was first admitted to the hospital to which the patient is being trans-
ferred, and calculates a geographically adjusted daily base payment
rate for a particular DRG to be:

(Dally Base Amount)Geogra.phic_Adjusted

= (Standard Base Amount)Geographic_ Adjusted (2)

/(geometric mean length of stay)

For each DRG, Medicare calculates the geometric mean” length of stay for
each fiscal year from Medicare beneficiary data for the previous year. The
total cost for extra short stays accompanied by a transfer to another hospital is
then calculated as:

(Extra Short Stay Base Amount)g,graphic_adjusted

=2x (Daﬂy Base Amount)Geographic_Adjusted + (LOS - 1) (3)

* (Dally Base Amount)Geographic_Adjusted

where LOS is the lehgth of stay of the hospitalization. Because hospital-based
interventions are more intense on the first day of a hospital stay, Medicare
pays twice the daily rate for that first day. By this formula, hospital stays that
are more than 1 day shorter than the geometric mean length of stay for that
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DRG would be paid less than longer hospital stays with that DRG. Through-
out the 1990s lengths of stay decreased for hospital stays under many DRGs
accompanied by increasing transfers to skilled nursing facilities (SNFs). Start-
ing in 1998, Medicare began using Equation 3 for extra short hospital stays
associated with certain DRGs accompanied by transfer to an SNF or inpatient
rehabilitation facility (IRF) (Cromwell, Donoghue, and Gilman 2002).

6. Medicare then adds in payment, if applicable, for Direct Graduate
Medical Education and for bad debts (called Passthru payments).
Bad debts represent copays and deductibles that the hospital has been
unable to collect from beneficiaries.

7. Medicare makes additional payments for Indirect Medical Education
(IME) to hospitals that employ physicians in training for patient care
and for treatment of a DSH of patients on Supplemental Security
Income or who are eligible for Medicaid, but not Part A Medicare.

8. Beyond all of the payments listed above, Medicare has added in addi-
tional payments, for the costs of donor organ acquisition, and in some
years for use of new technologies that are particularly expensive.
Based on these variables, the total allowable payment cost, including
the copays and deductibles for which the patient is responsible, is
equal to:

(Standard Base Amount)Geographic_Adjusted * DRGwEIGHT
+ (Outlier Payment) + Passthru + IME + DSH

(4)

METHOD 1: ESTIMATION OF HOSPITAL COSTS USING
MEDPAR VARIABLES

Because of their availability in the MedPAR payment files and ease of use,
many studies estimating costs of hospital care using Medicare claims have
used MedPAR payment variables (Kilgore et al. 2009; Patel et al. 2010; Whe-
llan et al. 2010; Kuo and Goodwin 2011; Skolarus et al. 2013). The payment
variable in MedPAR called DRGPRICE is equal to Equation 4 minus Outlier
and Passthru payments. Therefore, a cost estimate of a hospital stay that repre-
sents amount reimbursed to providers from all sources is:

Costspmedrar _ESTIMATE = DRGPRICE + (Outlier Payment)

5
+ Passthru (5)
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METHOD 2: ESTIMATION OF HOSPITAL COSTS BASED
ON DRG WEIGHTS AND STANDARD BASE AMOUNTS
(A PROPOSED METHOD)

When the researcher’s focus is on the cost of resources required to care for
individuals, the relevant concept of cost is likely to be the cost (adjusted for
severity of their medical and/or surgical conditions) regardless of whether the
hospital stay occurred in rural or urban setting, the relative local input prices,
whether the patient was hospitalized in a teaching or nonteaching hospital, or
whether the hospital was paid under the PPS. For that type of study, the rele-
vant resource cost for an acute hospital stay (excluding those with an extra
short length of stay accompanied by transfer to another hospital, SNF, or IRF)
based on DRG weights and standard base amounts (from Table 1) to be
defined as:

(Standard Base Amount)y ADJUSTED * DRGwgigut + (Outlier Payment)
(6)

For hospital stays occurring prior to 2005, Equation 5 still reflects a
small geographic adjustment, since the standard amounts in those years were
typically less for rural compared to urban areas.

For extra short stays accompanied by a transfer to another hospital, IRF,
or SNT within 1 day of hospital discharge, we agree with Medicare that costs
of care probably have been transferred from the first to the receiving institu-
tion regardless of DRG, including hospitalizations occurring before fiscal year
1998. To make that adjustment, the hospital cost per day for a particular DRG
and fiscal year should be:

(Daily Base Amount)yyapjustep =
(Standard Base Amount)yn,pjusten/(geometric mean length of stay)
(7)

and that the resource cost for an extra short stays accompanied by a transfer to

be:
{2« (Daily Base Amount)yyapjustep + (LOS — 1)
# (Daily Base Amount)ynapjustep} * PRGweight + (Outlier Payment)

(8)
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Equations 7 and 8 are the same as Equations 2 and 3 except that stan-
dard based amounts without geographic adjustment are used and outlier
payment is added.

STANDARDIZING INPATIENT RESOURCE COSTS TO
ONE CALENDAR YEAR

For hospital costs in early years to be comparable to later years, it is nec-
essary to account for cost inflation over the time period and standardize
costs of all hospitalizations to the same year regardless of when they
occurred. We recommend using the ratio of the Medicare standard
amounts between a current year and prior years as the inflation factor;
Standard_Base_ AmountcyrrenT vEAR/Standard_Base_Amountprior_yEAR
(Table 1) rather than the consumer price index for hospital care, because
the standard amounts Medicare uses to base their reimbursements are
largely based on hospital cost reports that are designed in part to esti-
mate the actual resource costs for hospital care. In contrast, the consumer
price index for hospital services specifically is constructed from hospital
prices charged uninsured patients and those covered by nongovernment
insurers, but not those covered by Medicare (Cardenas 1996).

It should be noted that the same standard amount has been applied to all
geographic locations (large urban, other urban, and rural) since 2005. There-
fore, when the analysis is standardizing costs to 2005 or a more recent year,
the differences between urban and rural hospitals for hospital stays occurring
prior to fiscal year 2005 are removed.

COMPARISON OF ESTIMATED COSTS FOR INPATIENT
STAYS BASED ON DRG WEIGHTS VERSUS MEDPAR
PAYMENT VARIABLES: AN EXAMPLE STUDY
POPULATION

Overview of the Study

We used the SOF, a cohort designed to investigate the epidemiology of frac-
tures in older women. The study recruited 9,704 community-dwelling women
age 65 years and older using population-based listings at four geographic
locations in the United States (Baltimore, MD; Minneapolis, MN; Portland,
OR; and a rural area near Pittsburgh, PA) from 1986 to 1988 (Cummings et al.
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1990). Participants had study visits every two to four years with follow-up
among active surviving participants over 25 years. Postcards were mailed to
participants every 4 months to inquire about incident fractures. For those who
reported an incident fracture, medical records were obtained to confirm that
the fracture had occurred.

Linkage of Cohort Data to Medicare Claims

Medicare claims for the time period January 1, 1992 through December 31,
2010 were linked successfully to 92 percent of participants still alive and
enrolled in the cohort as of January 1, 1992, matching participants to their
claims based on Social Security number and date of birth (Schousboe et al.
2013). We identified 1,154 SOF participants who were discharged from a hos-
pital with a primary discharge diagnosis of 820.0x (incident hip fracture)
between January 1, 1992 and December 31. We limited our analyses to those
who also had (1) no self-reported prior hip fracture at the baseline SOF visit;
(2) no incident hip fracture between the baseline visit and January 1, 1992; (3)
no evidence from radiographic reports at the time of the fracture showing the
fracture to be in the pelvis or distal femur rather than the proximal femur; and
(4) enrollment in Medicare Fee for Service (both parts A and B) for the
12-month period following the index hip fracture hospitalization admission
date. We used the MedPAR file to identify all hospital stays for the 12 months
after hip fracture, and also all IRF and SNF stays over that time period so we
could identify those transferred from an acute care hospital to an IRF or SNF.
Seven hundred ninety-five (795) women met these criteria.

The number of hospitalizations and mean lengths of stays were charac-
terized for all 795 individuals (Table 2). The MedPAR file was used to deter-
mine if the hospital stay was paid for under the PPS, and what (if any) IME,
DSH, outlier, and passthru payments were made. We estimated costs of 1,397
hospital stays with nonzero Medicare payment that occurred within 1 year of
the date of hip fracture for all 795 individuals based on (1) DRG weights and
standard base amounts using Equations 6 and 8 and (2) payment variables
from the hospital claim using Equation 5. We estimated the correlation (using
the Spearman rank statistic) of the estimates based on the two methods for (1)
the subset paid under the PPS and (2) all hospital stays with nonzero Medicare
payment.

To visualize the change in rank order of hospital stay costs when using
resource costs estimated from DRG weights instead of MedPAR payment
variables, we estimated the proportions of hospital stays that would be in a
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Table 2: Characteristics of Hospital Stays

Paid under Prospective Not Paid under Prospective

Characteristic Payment System (n = 845, % Payment System (n = 552 )i
State of hospital stay (%)
Maryland 0(0) 541 (97.3)
Pennsylvania 456 (53.8) 6(1.1)
Minnesota 191 (22.5) 7(1.3)
Florida 38 (4.5) 1(0.2)
Oregon 30(3.5) 0(0.0)
Other* 133 (15.7) 1(0.2)
Number (%) with IME payments 338(39.9) 0(0)
Number (%) with DSH payments 328 (38.7) 0(0)
Number (%) with outlier payments 9(1.1) 0(0)
Number (%) with passthru payments 622 (73.3) 2(0.4)
Mean length of stay, days (SD) 6.3 (4.5) 6.4 (4.5)
Proportion with extra short stay” and 206 (24.3) 134 (24.1)
transfer to another facility*
Estimated cost (SD), MedPAR payment ~ $10,414 (5,674) $12,623 (8,099)
variables
Estimated cost (SD), DRG weight based ~ $9,403 (4,945) $8,903 (3,685)

*Twenty-nine other states.

"Length of stay < (geometric mean for that DRG and fiscal year) minus one.

{Admission to another facility (short stay hospital, SNF, or IRF) within 1 day of discharge from
the short stay hospital.

SThree stays paid under PPS and three not paid under PPS had zero Medicare Payment.

different quintile of cost using one method compared with the other. We did
this using (1) each hospital stay as the unit of analysis and (2) the sum of all
inpatient costs for the year following the index hip fracture with the individual
person as the unit of analysis.

RESULTS

Of the 795 SOF participants identified for these analyses, 56 percent did not
require additional hospitalization after the initial stay for their hip fracture,
274 percent required one additional hospitalization, and 16.3 percent
required two or more additional hospitalizations (Figure 1). The majority of
hospitalizations occurred in the states where the SOF participants were
recruited, but 173 (12.3 percent) occurred in states other than the four where
the SOF study sites are located, reflecting the mobility of the study population
over the 19-year period (Table 2). Among 845 hospital stays paid under the
PPS, 39.9 percent were given IME payments (representing 6.6 percent of
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Figure 1: Distribution of Number of Hospital Admissions during Year
Following Hip Fracture

° o
i o
1 1

Proportion of SOF Participnts with Hip Fracture*
o
)
1

1 2 3 4 5 6 7 8 9 10 11 12
Number of Hospital Admissions Year after Hip Fracture®

o
o
I

*Active SOF participants as of January 1, 1992, who had an incident hip fracture enrolled in Medi-
care Fee for Service on the date of hip fracture through the following 365 days.
*Includes initial acute hospital stay to surgically treat hip fracture.

DRGPRICE for those with nonzero reimbursement), and 38.7 percent were
given DSH payments (representing 5.7 percent of DRGPRICE among those
with nonzero DSH reimbursement). Passthru payments were added for 73.3
percent of all acute hospital stays paid under the PPS (representing 6.4 percent
of DRGPRICE for those hospital stays with nonzero passthru reimburse-
ments). For hospital stays that were not reimbursed under the PPS, costs for
medical education and burden of indigent clients were already factored into
their estimated costs and additional IME, DSH, outlier, or passthru payments
do not appear in MedPAR.

Twenty-four percent of hospital stays had extra short lengths of stay and
were associated with a transfer to another facility (Table 2). Applying a trans-
fer penalty by using the per diem method of calculating the cost of the hospital
stay resulted in a reduction of calculated costs for 95 percent of these stays.
The mean decrease was $1,475 (with 5 and 95 percentile values, respectively,
of —$3,854 and $0).

The Spearman correlation of length of stay with standardized costs calcu-
lated using DRG weights was 0.29. However, the total days spent in acute care
hospitals during the year after hip fracture was more strongly correlated with the
sum of standardized costs of acute hospital care (Spearman correlation 0.80).
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Comparison of Costs Calculated from Standard Base Amounts and DRG Weights to
Costs Calculated Solely from MedPAR Payment Variables

Resource costs calculated using DRG weights and standard base amounts
were substantially different than the cost estimates from payment variables,
especially for hospital stays not paid under the PPS (Table 2). When hospital
stays with nonzero Medicare payment paid under the PPS were considered
(n = 845), the correlation between standardized costs estimated from our
method with estimates from Medicare payment variables (without removal of
geographic adjustment factors, IME payments, and DSH payments) was 0.85
(Figure 2, panel A). When a/l hospital stays with nonzero Medicare payment
were considered, including those not paid under PPS (n = 1,397), the correla-
tion between the estimates from raw MedPAR variables and those from stan-
dard base amounts and DRG weights was reduced further to 0.71 (Figure 2,
panel B). For the subset of hospital stays not paid under the PPS, the correla-
tion was even lower (0.56).

Comparison of Rank Order of Hospital Costs

The rank order of hospital stay costs was considerably altered using cost esti-
mates based on DRG weights and standard base amounts instead of payment
variables. Only 49 percent of hospital stays were in the same quintile of costs
when calculated with our method of standardization compared with quintile
of payment cost estimates (Figure 3, panel A). When all hospital costs per per-
son for the year following a hip fracture were summed, the mean and standard
deviation of DRG weight-based resource costs in 2010 U.S. dollars ($16,268
and $10,058, respectively) were somewhat lower than the mean and standard
deviation of costs derived from MedPAR variables ($19,937 and $15,531,
respectively). Only 51 percent had yearly costs based on DRG weights in the
same quintile as when estimated from claims-based payment variables
(Figure 3, panel B).

DISCUSSION

Our results show that resource costs that reflect the acuity of the medical and
surgical condition of the patient, calculated from DRG weights and standard
base amounts, differ substantially from costs that are calculated from
Medicare claims payment variables that include adjustments for the hospital’s
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Figure 2: Scatterplots of Cost Estimates from Medicare Payment Variables
versus Costs from Standard Base Amounts and DRG Weights
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geographic location and other characteristics, payments for medical
education, and care for indigent clients. For research questions for which of
these adjustments are not relevant, estimating costs using Medicare payments
that include these adjustments at best introduces stochastic noise that would
reduce statistical power (in analyses where costs are the dependent variable)
and might bias estimated associations of costs with other outcomes toward the
null (in analyses where costs are a predictor variable). Reduced power may
not be a concern for studies that have used the 5 percent chronic condition
warehouse sample of Medicare to assess costs (Kilgore et al. 2009), because of
its large size. However, cohort studies that link to Medicare claims generally
will have much smaller sample sizes.

Using DRG weights to calculate payments is simple and applicable to
stays in any acute care hospital in the United States for which Medicare is the
primary payer. The only data required from Medicare files to apply this
method are the DRG associated with the hospital stay, the length of stay, infor-
mation about whether the person was transferred to (or from) another facility,
and any outlier payments for the hospital stay. The weights for each DRG, the
geometric mean length of stay for that DRG, and the standard base amounts
on which Medicare bases payment are needed for the fiscal year in which the
person was hospitalized. Inflation factors to standardize all costs to the same
year are needed when the dataset being used spans several years. Tables with
these additional data are in the public domain and are available from the
corresponding author by request.
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Figure 3: Change of Quintile for DRG Weight-Based Costs versus Costs
Estimated from Claim Payment Variables

Panel A: 1,397 Short Stays Panel B: Costs for One Year, 795 Women
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Our method has advantages over other methods to estimate costs of
hospital care. One can algebraically rearrange Equations 1-4 to obtain a cost
estimate for hospital stays based on the DRGPRICE payment variable with
the geographic adjustments and IME and DSH payments removed. This
approach requires using CMS Impact files to identify hospital and capital
wage indices for the hospitals in which stays occurred (Centers for Medicare
and Medicaid Services 2013) and is not applicable to hospital stays that are not
paid under the PPS. Others have also estimated costs by using regression
models to adjust Medicare payments for hospital characteristics (including its
geographic location, the local hwi, and local area poverty rate) (Jha et al.
2009; Joynt, Orav, and Jha 2011), but the parameter coefficients produced
from such a regression model are likely to be applicable to only the specific
hospitals included in that study. However, this approach has the advantage
that it captures the relative importance of predictors such as hospital character-
istics and individual-level characteristics, adjusted for each other. Cost to
charge ratios, which can be gleaned for each fiscal year for any hospital
provider from Medicare Cost Reports, have been used to estimate the true
cost of care for a stay in any acute care hospital from hospital charges (Taira
et al. 2003; Groeneveld et al. 2008; Brinjikji et al. 2011; Roy et al. 2012; Jain
et al. 2013). However, this method is tedious, and it may be accurate only if
the patient’s utilization within each cost center in the hospital is adjusted by
the unique cost to charge ratio of that center before the aggregate cost for the
entire stay is calculated (Taira et al. 2003). Moreover, cost variation
attributable to hospital characteristics and local input prices is retained by this
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method. For research questions where it is important to capture these sources
of cost variation, use of cost to charge ratios at the hospital department level
may be the gold standard for estimating the true resource utilization for hospi-
tal care. Finally, one could use institutional lengths of stay as a surrogate mea-
sure of resource utilization, but this does not capture outpatient utilization. In
contrast, estimated inpatient costs can be summed with outpatient costs to
yield estimates of total costs of care.

Additional studies comparing all of these methods of hospital cost esti-
mation are needed. Our method is most suited to research questions regarding
the associations of individual patient characteristics and hospital costs. In addi-
tion, our method would be appropriate for investigations of hospital costs
attributable to the medical and surgical acuity of populations that include indi-
viduals insured by two or more insurers with different payment policies for
hospital stays. For example, if one wanted to estimate resource costs for inpa-
tient stays for veterans who use the VA system and/or non-VA hospitals, our
method makes hospital stay cost estimation across the two payment systems
comparable. Similarly, our method is applicable to investigations comparing
the degrees to which two or more insurers with different payment policies
may be selecting insurees who are less likely to generate inpatient costs. Our
method could also be used in studies comparing the relative true inpatient
resource costs, attributable to their patients’ medical and surgical acuity, of dif-
ferent types of hospitals (e.g., teaching and community hospitals).

However, there are many other types of research questions where geo-
graphic adjustment or extra payments for medical education or DSH hospitals
are important to retain. For example, studies done to examine determinants of
what Medicare actually pays hospitals (such as characteristics of hospitals and
the geographic regions in which they are located) need to use the actual
payment variables in the MedPAR file.

Our study has several limitations. Our method depends on DRG
weights and outlier payments to fully capture the differences in resource inten-
sity needed to care for the individual during a particular hospital stay. The
DRG system was revised considerably in 2007 (and renamed the MS-DRG
system) to better capture variations in individual illness acuity, health status,
and diagnoses that would influence the resources needed to care for that indi-
vidual (Rosenstein et al. 2009). Hence, our method does not capture the full
variation in resource costs for hospital stays that occurred prior to fiscal year
2008. Additionally, our data are not directly applicable to Medicare Advan-
tage enrollees, but our method could be used to estimate national resource
costs for hospital stays of Medicare Advantage enrollees if claims data with the
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variables needed to apply the method were available from Medicare Advan-
tage carriers.

Our dataset is also limited to individuals recruited at only four geo-
graphic areas of the United States. Our analyses address estimation of the rela-
tiveresource cost of hospital stays and do not address whether the absolute true
resource costs are fully captured with the standardized method based on DRG
weights. The analyses presented in this article are not applicable to other
sources of health care costs, specifically outpatient services and postacute care.
We limited our analyses to hospitalizations for the year following a hip frac-
ture, but these included one or more hospital stays for 182 separate DRGs. We
believe our method is applicable to all hospital stays regardless of the DRG
assigned to that stay, but additional studies comparing these costing methods
across the entire breadth of DRGs are needed to confirm this. Finally, addi-
tional studies are needed to establish the validity of estimating hospital costs
using this method for those younger than age 65 covered by private health
insurers.

In conclusion, resource costs for required inpatient acute hospital care
for Medicare beneficiaries can be estimated using Medicare standard base
payment amounts, discharge DRG codes, weights assigned to and the geomet-
ric mean length of stay for those DRGs, the actual lengths of stay of the inpa-
tient episodes, and inflation factors to standardize costs to the same year. This
method can be used for hospital stays that occurred in 1992 onward regardless
of whether the hospital stay occurred in a teaching hospital, in a hospital car-
ing for a DSH of indigent clients, or was paid for by Medicare under the PPS.
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NOTES

1. Example: for standard base amounts used for fiscal year 2010, see Federal Register
Vol 74, No. 165, Thursday, August 27, 2009, p. 43754.

2. The geometric mean is defined as the nth root of the product of n numbers. For
example, the geometric mean of 2, 8, and 16 is: v2 x 8 x 16 = 6.35.
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