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Objective. To compare standardized estimates of the true resource costs of outpatient
health care to the allowable and billed charges for that care among Medicare Fee for
Service (FFS) beneficiaries.
Data Sources/Study Setting. Medicare Carrier and Outpatient Standard Analytic
(SAF) files linked to participant data in the Study of Osteoporotic Fractures from 2004
through 2010. Participants were 3,435 female Medicare Fee for Service enrollees age
80 and older recruited in one rural and three metropolitan areas of the United States.
Study Design. We estimated standardized costs for Carrier and OP-SAF claims using
Medicare payment weights, and compared them to allowable and billed charges for
those claims. We used semilog linear regression to estimate the associations of age,
race, bone mineral density, prior fracture, and geriatric depression scale score with
allowable charges, billed charges, and standardized costs.
Results. Estimated associations of patient characteristics with standardized costs were
not statistically different than the associations with allowable charges (chi-squared [v2]:
8.6, p = .13) but were different from associations with billed charges (v2: 25.5, p < .001).
Conclusion. Allowable charges for outpatient utilization in the Carrier file and
OP-SAF may be good surrogates for standardized costs that reflect patient medical and
surgical acuity.
Key Words. Outpatient costs, Medicare payment, Carrier file, outpatient SAF file,
health care costs

Accurately measuring health care costs and understanding the determinants
of those costs are essential to improving health care efficiency. Researchers
use Medicare payments as a surrogate measure of health care costs for three
reasons: (1) those age 65 and older have the highest per person health care
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costs; (2) Medicare is the insurance carrier that is the primary payer for 95 per-
cent of this segment of the population, allowing for such studies to be repre-
sentative of 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 inten-
sity needed for patients with that condition.

While health care structure and local medical practice variation are
important drivers of health care costs (Wennberg et al. 1989; Rosenthal et al.
1997; Fisher and Wennberg 2003; Fisher et al. 2003a,b), individual patient
characteristics can also be important (Zuckerman et al. 2010; Reschovsky,
Hadley, and Romano 2013) but are not always available in a study limited to
administrative claims data. Linking large observational cohort studies, such as
the Study of Osteoporotic Fractures (SOF) and Framingham, with Medicare
claims may improve our understanding of how individual patient characteris-
tics influence health care costs because these studies have usually recorded
phenotypic characteristics of participants with greater detail and accuracy
than what is available in claims or medical record data.

Using datasets created by linking observational cohort to Medicare
claims for these purposes, however, can be challenging. First, Medicare
adjusts payments to both hospital and outpatient providers for local health
care input prices (labor and capital), which can result in regional variability in
Medicare payments. Even large cohort studies recruit participants from only a
handful of geographic locations, and Medicare payment data from these loca-
tions may not be generalizable to the general U.S. population. Second, Medi-
care pays some facilities that provide inpatient and/or outpatient services
differently according to the degree to which they employ physicians in train-
ing, the proportion of indigent clients under their care, and other characteris-
tics. These adjustments to Medicare payments may not be relevant to the
determination of associations between individual characteristics and resource
costs required for health care. For example, whether or not a patient received
care in an area that has low labor and capital costs conceptually would not be
relevant to the association of a specific participant characteristic (such as
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chronic kidney disease) with the resources required to care for patients with
that condition. Removing these adjustments from Medicare payments may
yield standardized cost estimates, for example, dollar-weighted estimates of
the costs required to care for the patient, where each unit of utilization has
been multiplied by the same unit price regardless of geographic location or
the types of patients treated at the facility.

We have previously shown that standardized cost estimates for acute
hospital stays are significantly different from actual payments to hospitals
due to the adjustments Medicare makes to hospital provider payments
described above, even though both are based on DRG payment weights
(Schousboe et al. 2014). In this paper, we extend these analyses to pay-
ments for both facility-based and nonfacility-based outpatient services.
Similar to inpatient costs, Medicare bases both provider payments and
standardized cost estimates for outpatient on payments weights and assigns
these weights to units of utilization based on Healthcare Common
Procedure Coding System (HCPCS) codes for nonfacility outpatient
services, and Ambulatory Payment Classifications (APC) codes for facility-
based outpatient services. Our primary research question was whether or
not the adjustments Medicare makes to provider payments for local geo-
graphic input prices and (in the case of facility-based services) other facil-
ity characteristics result in significant differences between outpatient costs
calculated from standardized cost estimates, provider payments, and billed
charges for these services.

As we did for inpatient hospital costs, we used Medicare claims data for
participants enrolled in both the SOF and Medicare Fee for Service during
part or all of the time period January 1, 2004, through December 31, 2010, to
estimate the change in rank order of estimated yearly outpatient costs among
SOF participants when using standardized costs instead of provider payments
or instead of billed charges.

METHODS

The Study of Osteoporotic Fractures recruited 9,704 Caucasian women age
65 or older between 1986 and 1988 in four geographic regions of the
United States: Baltimore, MD; Minneapolis, MN; Portland, OR; and a
rural area (Monongahela Valley) near Pittsburgh, PA (Cummings et al.
1990). At the sixth SOF study visit between 1996 and 1998, 662 African
American women age 65 and older were also recruited (Cauley et al.
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2005). Using validated methods detailed in previous publications (Schousboe
et al. 2013, 2014), we successfully matched Medicare claims to 92 percent
(n = 9,228) of surviving women still enrolled in SOF as of January 1, 1991,
when outpatient Medicare claims first became available. Because the Medi-
care files required to calculate standardized outpatient costs (described in the
Appendix) are available only from 2004 onward, we used the denominator
file to identify surviving SOF participants still enrolled in Medicare Fee for
Service parts A and B for all or part of calendar years 2004 through 2010
inclusive.

We used two Medicare claims files to identify items of ambulatory
care. The Carrier file contains claims from providers such as physicians and
some outpatient claims of utilization occurring in facilities such as
hospitals, skilled nursing facilities, and hospices. The Outpatient Standard
Analytic File (OP-SAF) contains claims for certain types of utilization in
facilities paid under a different system, the Hospital Outpatient Prospective
Payment System.

We characterized provider payments as allowable charges, which is the
sum of what Medicare pays providers directly plus the deductible and copay-
ments for which patients are responsible. The allowable charges are listed for
each unit of utilization as a separate variable in the Carrier file, and in the
OP-SAF file they are calculated as the sum of the Medicare payment and the
beneficiary responsibility amount for each item of utilization. We identified
billed charges as the submitted charge in the Carrier file and as the claim total
charge in the OP-SAF.

We calculated standardized costs by applying payment weights (unad-
justed for local geographic variation in labor and capital input prices) assigned
by Medicare to HCPCS codes (for the Carrier file) and APC codes (for the
OP-SAF). The unadjusted payment weights reflect the resource intensity (stan-
dardized for the entire United States) required to deliver the service. The
methods used to calculate standardized costs for all outpatient services are
fully described in the Appendix.

Individual Characteristics as Predictors of Costs

We tested the associations of age, race, femoral neck bone mineral density
(BMD), prior clinical fracture, and depression with standardized costs, allow-
able charges, and billed charges, hypothesizing that each of these would be
associated with health care costs and utilization on account of their association
with comorbidity burden and health status. These covariates were assessed at
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the eighth SOF study visits at the four study sites between January 2002 and
April 2004, at which 4,388 surviving participants attended.

We measured femoral neck BMD on Hologic 4500A densitometers
(Hologic Inc, Beford, MA, USA). SOF cohort study staff assessed self-
reported depression with the 15-item version of the Geriatric Depression
Scale (GDS). At study entry, participants were asked if they had any frac-
tures since age 50. After study entry, we identified incident fractures by
follow-up contact with participants or proxies every 4 months by mailed
postcards or phone, with a 95 percent response rate through 2010. SOF
investigators confirmed incident fractures by physician adjudication of
radiographic reports. We categorized women as having had a prior fracture
as of the eighth SOF visit if they self-reported a prior fracture at the
baseline visit or if they had a radiographically confirmed incident clinical
fracture between the baseline and eighth visits.

Statistical Analysis

For each calendar year, we calculated the sums of standardized costs, allow-
able charges, and billed charges (for items of utilization for which payment
was not denied and a standardized cost could be established) in the Carrier file
and OP-SAF separately, and for both added together (representing total out-
patient utilization). We estimated Spearman correlations between these with
the individual participant as the unit of analysis. We expressed the distribution
of each of these nine cost sums as quintiles and calculated the change in quin-
tile rank order when using standardized costs rather than allowable or billed
charges as the standardized cost quintile number minus the allowable or billed
charge quintile number.

For each of the nine cost sums, we regressed the log of the costs for
the first full calendar year after the eighth SOF visit was concluded (2005)
on age (as of January 1, 2005), race, prior clinical fracture, femoral neck
BMD, and GDS score with linear regression models using Stata version 13.0
(STATA Corp., College Station, Texas, USA). We tested each model for het-
eroskedasticity and for mis-specification with the Ramsey powers test and
Pregibon’s linktest (Pregibon 1980). We tested the hypothesis that the
parameter estimates of association between predictors and standardized
costs were the same as with allowable or with billed charges for total outpa-
tient utilization (Carrier file plus OP-SAF utilization) and separately for
Carrier costs and OP-SAF costs alone for 2005 with the suest command of
Stata (a modified Hausman test).
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Sensitivity Analyses

Among all SOF participants enrolled in Medicare fee for service for at least
1 month from 2004 through 2010 inclusive, there were one or more items of
utilization for more than 75 percent of all U.S. geographic locations defined
by carrier number and locality code. However, half of all items of utilization
were in one of three geographic locations (Minnesota, rural Pennsylvania,
and Baltimore), and the geographic adjustment factors for these three loca-
tions were within 8 percent of one another. To examine if a much wider
spread of geographic adjustment among these three sites would alter our
results, we repeated the analyses described above for total outpatient utiliza-
tion of a hypothetical population with the same individual characteristics,
but reducing allowable charges for rural Pennsylvania to correspond to what
they would be if rural Pennsylvania participants received their care in Okla-
homa City (the least expensive large urban geographic location in 2005) and
by raising allowable charges for Baltimore and surrounding counties to cor-
respond to what they would be if Baltimore participants received their care
in San Francisco (the most expensive large city in 2005).

Because claims for some medical services delivered during an inpatient
stay are found in the Carrier file (such as many physician and surgeon
services), we also repeated all of the previously described analyses after
excluding items of utilization that occurred during an inpatient stay. We deter-
mined the dates of inpatient stays from the Medical Provider and Analysis
Review (MedPAR) file.

RESULTS

From January 1, 2004, through December 31, 2010, 3,535 SOF participants
enrolled in Medicare Fee for Service Parts A and B for one or more of these
seven calendar years; 3,106 had claims in both the Carrier and Outpatient SAF
files, 219 had only Carrier file claims, and 210 had only Outpatient SAF claims.
In each of the 7 years, 90–92 percent of individuals had a paid Carrier claim,
and 78–80 percent had a paid OP-SAF claim. Over that time span, there were
656,322 paid Carrier claims, and we were able to establish standardized costs
for 609,906 (92.9 percent). Similarly, there were 367,815 paid OP-SAF claims,
and we were able to establish standardized costs for 313,473 (85.2 percent).

The medians and interquartile ranges of the nine cost sums for calendar
year 2005 are shown in Table 1, and for all years in the Table S1a, b, and c.
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Carrier standardized costs and provider payments were more than twice that
of OP-SAF standardized costs and allowable charges. Billed charges were
more than twice allowable charges and standardized costs. Standardized costs
were particularly highly correlated with allowable charges and slightly less
with billed charges (Table 1).

When total outpatient costs for calendar year 2005 are expressed as
allowable charges rather than standardized costs, 12 percent of individuals
change rank order quintile, whereas 25 percent change rank order quintile
when costs are expressed as billed charges rather than standardized costs
(Figure 1). Nearly identical results are seen for all of the other six calendar
years (Table S2a, b, and c).

When we regressed the log of total outpatient costs on age, race, femo-
ral neck BMD, prior clinical fracture, and GDS score, each of the parame-
ter coefficients and their 95 percent confidence intervals were very close,
with the possible exception of race, whether costs are expressed as standard-
ized costs or allowable charges (Table 2). In both regressions, age, GDS
score, and prior clinical fracture were significantly associated with the log of
total outpatient costs, whereas race and femoral neck BMD were not. Con-
sidering all predictors together, we did not reject the hypothesis that the
predictor parameter estimates of association with standardized carrier costs
were the same as estimates of association with allowable carrier charges
(chi-squared [v2]: 8.57, p = .13).

In contrast, the associations of predictor variables with total billed
charges were significantly different than their associations with total outpatient
standardized costs (v2: 25.5, p < .001, Table 3). Femoral neck BMD was not
significantly associated with the log of total outpatient standardized costs, but
it was with the log of total outpatient billed charges.

When Carrier file and OP-SAF claims are considered separately, we
found that the associations of predictor variables with Carrier standardized
costs and with allowable charges were nearly identical (v2: 4.72, p = .45,
Table S1a). In contrast, we found that the associations of these predictors with
standardized Carrier costs were substantially different than with Carrier billed
charges (v2: 38.4, p < .001, Table S1b). For OP-SAF costs, there were small
differences in the associations of standardized costs, allowable charges, and
billed charges with these same predictors (Tables S2a and b). Considering all
predictors together, we did not reject the hypotheses that the parameter esti-
mates of association with standard costs and were the same as with allowed
charges (v2: 7.52, p = .18, Table S2a) or with billed charges (v2: 8.74, p = .12,
Table S2b).
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Sensitivity Analysis

For a hypothetical study population with the same individual characteristics,
but with allowable charges reduced by 4 percent for rural Pennsylvania and
increased by 18 percent in Baltimore (to gage the effect of having one cohort
study site recruited from a very inexpensive large urban geographic location
and another from a very expensive large urban location), the associations of
the predictors with all standardized costs were different than with allowable
charges (v2: 13.03, p = .02, considering all predictors together). However, the
conclusions remained the same (GDS score and prior fracture are associated

Table 1: Distributions of Standardized Costs, Allowable Charges, and Billed
Charges for 2005

Carrier File Utilization
(n = 2,623)†

OP-SAF Utilization
(n = 2,235)†

Total Outpatient
Utilization*
(n = 2,847)†

Standardized costs,
median (IQR)

$1,683 (693–3,353) $681 (225–1,725) $2,243 (882–4,469)

Allowable charges,
median (IQR)

$1,696 (711–3,353) $722 (226–1,822) $2,248 (871–4,473)

Billed charges,
median (IQR)

$3,661 (1,422–7,619) $981 (104–3,567) $4,963
(1,869–10,462)

Difference between
standardized
cost and allowable
charges, median
(IQR)

�$9 (�69 to 41) �$31 (�232 to 47) $23 (�92 to 223)

Spearman correlation
between
standardized cost and
allowable charges

0.99 0.96 0.99

Difference between
standardized
cost and billed charges,
median (IQR)

�$1,816
(�4,228 to�642)

�$437
(�2,066 to 0)

�$2,552
(�5,894 to�873)

Spearman correlation
between
standardized cost
and billed charges,
median (IQR)

0.98 0.91 0.96

*Carrier file plus OP-SAF utilization.
†Number in each column are numbers of women with one or more paid claims for which stan-
dardized costs could be estimated.
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with costs; and age, race, and BMD are not) when we used standardized costs
rather than allowable charges in this hypothetical example.

All of the results described above were unchanged when we excluded
line items of utilization that occurred during inpatient stays (20.5 percent of all
items) (data not shown).

DISCUSSION

In this study, we analyzed the differences between standardized costs, allow-
able charges, and billed charges using data from SOF participants merged
with their Fee for Service Medicare claims. We found that standardized
resource cost estimates for total outpatient (the sum of Carrier and OP-SAF)
claims are reasonably close to allowable charges, whereas the differences
between standardized costs and billed charges are greater. We did not find
consistent differences in the associations of predictor variables with allowable
charges compared to standardized costs, but they did demonstrate significant
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Figure 1: Shift of Rank Order Quintile When Using Standardized Costs of
Total Outpatient Utilization Instead of Allowed Charges or Billed Charges
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differences in the associations with billed charges compared to standardized
costs. These findings support previous statements that billed charges are a
poor proxy for standardized costs (Finkler 1982; Taira et al. 2003; Polsky and
Glick 2009). For research questions where these local geographic factors are
not relevant, modeling costs as allowable charges would have the potential to
introduce stochastic noise that would reduce statistical power or bias esti-
mated associations of predictors with costs. Our data indicate that the adjust-
ments to Medicare outpatient allowable charges for local geographic and
other provider characteristics are modest enough that this is not a major
concern, especially for Carrier file utilization.

The potential for biased estimates of association of predictors with costs
is low, but not zero, when modeling costs as allowable charges rather than
standardized costs. In particular, we advise caution in studies that recruit large
proportions of their participants from locations with geographic adjustment
factor values at the extremes of the distribution (such as a very expensive loca-
tion like San Francisco and an inexpensive location like Oklahoma City). In
these instances, it is possible that meaningful differences between standardized
resource costs and allowable charges would be more apparent, and sensitivity
analyses with a subset of claims for which standardized costs can be estab-
lished may be appropriate.

We believe that calculating allowable charges from Medicare payment
and beneficiary responsibility variables in the outpatient files is easier than
having to estimate standard costs for large numbers of outpatient claims
from relative value unit (RVU) and other standard payment files. Research-
ers using the latter approach have to merge those standard payment files to
actual claims data. Moreover, RVU values and relative payment weights,
respectively, for Carrier and OP-SAF claims are not readily available for a
significant minority of claims. We believe that our results are generalizable
to the majority of studies estimating the associations of individual character-
istics with outpatient health costs done within the United States, whether
the sources of those characteristics are prospective cohort studies, electronic
health records, or administrative data.

Our study extends the findings of O’Donnell et al. (2013), who esti-
mated the correlations of aggregated standardized costs and allowable charges
within hospital referral regions for all Medicare Fee for Service patients expe-
riencing an acute myocardial infarction in 2007. They calculated standardized
costs and allowable charges using methods very similar to ours. They too
found substantially greater variation between Medicare payments and stan-
dardized hospital costs for inpatient stays, and relatively minor differences
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between standardized costs and actual payments for outpatient claims. How-
ever, our study used the individual patient as the unit of analysis and also
examined facility outpatient utilization payments (in the OP-SAF) separately
from nonfacility outpatient utilization payments (in the Carrier file).

Our study has important strengths. Recruitment into the SOF used pop-
ulation-based listings such as driver’s license registries, and participants’ char-
acteristics (matched for age and race) are very similar to those of the U.S.
population. The linkage of Medicare claims with SOF cohort data allowed us
to specifically test hypotheses that predictor parameter coefficients would not
be significantly different if costs were modeled as standardized costs rather
than allowable charges or billed charges.

We also recognize that our study has several limitations. Our study pop-
ulation is very old (86.7 [SD: 4.1] years) because we could not calculate stan-
dardized costs for utilization before 2004. We recruited our study population
from only four geographic regions of the United States and did not include
some ethnic groups, specifically Hispanic and Asian Americans. We assumed
that RVU and other payment weights truly capture the dollar-weighted
resource costs required to deliver an outpatient service. Our results are not
applicable to private health care insurer payments to providers for those
under age 65.

In conclusion, we found that outpatient allowable Medicare charges in
the Carrier file and OP-SAF are a reasonable approximation of standardized
costs. In contrast, we also found that billed charges are sufficiently different
from standardized costs that use of billed charges as a proxy for standardized
costs may lead to biased estimates of association of predictors with outpatient
costs.
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SUPPORTING INFORMATION

Additional supporting information may be found in the online version of this
article:

Appendix SA1: AuthorMatrix.
Appendix SA2.Methods for Estimating Standardized Costs.
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