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Objective. To determine if regions with highMedicare expenditures in a given setting
remain high cost over time.
Data Sources/Study Setting. One hundred percent of national Medicare Parts A
and B fee-for-service beneficiary claims data and enrollment for 1992–2010.
Study Design. Patients are classified into regions. Claims are price-standardized. Risk
adjustment is performed at the beneficiary level using the CMS Hierarchical Condition
Categories model. Correlation analyses are conducted.
Data Collection/Extraction Methods. The data were obtained through a contract
with CMS for a study performed for the Institute ofMedicine.
Principal Findings. High-cost regions in 1992 are likely to remain high cost in 2010.
Stability in regional spending is highest in the home health, inpatient hospital, and out-
patient hospital settings over this time period. Despite the persistence of a region’s rela-
tive spending over time, a region’s spending levels in all settings except home health
tend to regress toward the mean.
Conclusions. Relatively high-cost regions tend to remain so over long periods of
time, even after controlling for patient health status and geographic price variation,
suggesting that the observed effect reflects real differences in practice patterns.
Key Words. Medicare fee-for-service, Medicare spending

Numerous studies have documented that spending on Medicare patients var-
ies significantly across regions, even for patients with the same health condi-
tions. The authors of theDartmouth Atlas of Health Care, for instance, found that
per capita Medicare reimbursements in Miami were more than twice as high
as in Minneapolis (Center for the Evaluative Clinical Services and Dartmouth
Medical School 1996). Other studies have also found significant variation in
expenditures for end-of-life care (Song et al. 2010), medical and surgical inpa-
tient admissions (Fuchs, McClellan, and Skinner 2004), Cesarean deliveries
(Baicker, Buckles, and Chandra 2006), and physician practice norms (Phelps
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2000). In the media, Atul Gawande’s New Yorker article popularized the notion
that variation in physicians’ chosen practice patterns drives variation in Medi-
care costs observed, even in cities geographically nearby one another (Gaw-
ande 2009). Gawande uses the Texan cities of McAllen (a high-cost area) and
El Paso (a low-cost area) to highlight this point.

Although many previous analyses examine regional variation in Medi-
care spending and the potential for cost savings cross-sectionally, this paper
asks whether high-cost regions remain high cost across decades and across set-
tings. Specifically, we investigate whether regions with high spending levels in
1992 are likely to remain high-spending regions in 2010. This report also mea-
sures whether there has been convergence or divergence in regional variation
in Medicare spending over this time period to determine if geographically tar-
geted policies could have a large effect on spending levels.

Examining regional variation in spending trends from a longitudinal
perspective has a number of advantages over the cross-sectional approach.
First, time series analyses can highlight whether relative per capita spending
levels persist over time. If high-cost regions do not remain high cost over time,
policy options targeting these areas may not be effective or may need to be
modified on a regular basis. Second, using data from multiple years permits
more precise measurement; panel data permit researchers to identify idiosyn-
cratic shocks from a single year of data. Third, one can examine whether
changes in Medicare policy had a similar effect on each region’s Medicare
spending trends.

Although this paper is not the first to evaluate trends in Medicare spend-
ing and utilization over time, this analysis offers a number of advances over
prior work (Rettenmaier and Wang 2012). First, this report analyzes claims
and enrollment data for 100 percent of Medicare beneficiaries. Using the
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complete claims history enables this study to present actual Medicare spend-
ing figures rather than statistical estimates. Second, this study includes more
recent data than previous decades-long longitudinal studies, covering Medi-
care spending up until 2010. Third, this study applies a risk-adjustment model
at the beneficiary level rather than summarized to the state or region level,
relying on a detailed set of demographic, enrollment, and health status vari-
ables. This approach not only permits a more precise measurement of patient
case mix, but it also allows the case mix distribution within a region—rather
than region-level averages—to affect overall spending. This issue is particu-
larly relevant, as the presence of patient comorbidities likely affects spending
in a nonlinear manner. Finally, this study looks at changes in regional varia-
tion in aggregate spending over time, as well as in spending on each of the
sevenMedicare service types.

METHODOLOGICAL APPROACH

We calculate average monthly Medicare per capita spending for all Medicare
fee-for-service beneficiaries between 1992 and 2010 in each geographic
region in the United States. This analysis includes 100 percent of all Medi-
care claims data over this time period.1 The spending estimates do not
include prescription drug coverage data, as Medicare did not cover most pre-
scription drugs until the end of our study period (i.e., 2006). Spending is
measured by the total payments made to providers by Medicare, beneficia-
ries, and all other sources recorded on these Medicare claims data. We also
stratify results by Medicare payment setting. The seven settings examined
include inpatient hospital (IP), outpatient hospital (OP), physician/carrier
(PB), home health (HH), hospice (HS), skilled nursing facility (SNF), and
durable medical equipment (DM).

To compare spending levels across regions, this study defines geo-
graphic regions using hospital referral regions (HRRs). The Dartmouth Atlas of
Health Care team designed HRRs to represent regional health care markets
surrounding a major health care center (2007–2009). In total, there are 306
HRRs in the United States.

This study also controls for two factors that may affect total spending
but are outside of providers’ control: regional differences in Medicare reim-
bursement rates and differences in patient case mix. Health care expendi-
tures are affected by Medicare reimbursement rules, which pay providers
differently based on their geographic location. For instance, Medicare uses
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the hospital wage index to increase reimbursement rates for hospitals
located in high-wage areas and decrease reimbursement rates for hospitals
in low-wage regions.

To control for these differences in reimbursement rates, we price-stan-
dardize expenditures by assigning the average price to each service type in
each year by setting. Total price-adjusted costs are renormalized (at the set-
ting and year level) so that total price-adjusted costs are equal to total unad-
justed expenditures each year. Thus, price-adjusted costs reflect the actual
prices paid by the Centers for Medicare and Medicaid Services (CMS). We
also adjust prices for inflation in each year using the CMS market basket
adjustment for each payment system or setting.2 While calculating a national
average price for a given year and setting removes considerable variation in out-
put prices, this methodology is limited. Implementing the ideal price-standardi-
zation methodology—completely removing all variation in Medicare payment
rules for all settings each year by directly accounting for each payment rule—is
not feasible over this time period due to the complexity and frequent adjust-
ments in Medicare payment policy. Averaging costs by service type for each
year provides a reasonable estimate of changes in payment rules over time.

After controlling for regional differences in Medicare reimbursement
rates, we account for the second confounding factor—case mix—by risk-
adjusting the price-standardized spending levels. The risk-adjustment model
is an ordinary least-squares regression that uses monthly beneficiary spending
for months the beneficiary is enrolled in Medicare A and B as the dependent
variable, and patient demographics (age and sex), new enrollee status, and
health status as the independent variables (Reschovsky, Hadley, and Romano
2013). We use monthly spending to maximize the number of beneficiary
months that can be included in the analysis.

To account for health status, we categorize beneficiaries’ claims informa-
tion from the prior year into CMS’s hierarchical condition categories (HCCs)
(Pope et al. 2011). HCCs are a set of 70 indicator variables that measure
patient comorbidities, used by CMS as part of its risk-adjustment methodol-
ogy for the Medicare Advantage program.3 Our model’s coefficients are rees-
timated for each year of data. Because beneficiaries in high-use areas may be
more likely to have their diagnoses noted on their health care claims, this
approach of assigning HCCs may upward-bias the estimated coefficients for
these beneficiaries, as they may have more comorbidities coded than they
otherwise would in a low-use area. This limitation, however, occurs whenever
a study uses administrative claims data. All numbers presented in this study
are both price-standardized and risk-adjusted using the methodology
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described above. However, no risk-adjustment approach can perfectly
account for differences in patient health status, and the results of our analysis
after risk adjustment may reflect demand factors unrelated to measured health
status as well as supply factors.

To ensure that we capture the majority of beneficiaries’ health care spend-
ing, we exclude beneficiaries with incomplete claims data. In practice, the analy-
sis requires beneficiaries to have Medicare as their primary payer so that the
study includes the vast majority of each patient’s health care costs. Finally, bene-
ficiaries with a missing ZIP code are excluded because the study cannot deter-
mine their geographic location. Excludingmonths in which beneficiaries do not
have Medicare as their primary payer or beneficiaries who have a missing or
invalid ZIP code results in a loss of less than 2 percent of beneficiaries.

To further examine regional trends, this analysis classifies HRRs into
quintiles based on utilization levels in each year. For this analysis, the regions
are binned such that there are an approximately equal number of regions in
each quintile. Binning the regions such that there are an approximately equal
number of beneficiaries in each quintile does not change any of this study’s
conclusions.

RESULTS

Table 1 presents the HRR-level rank correlations between each Medicare
setting and total Medicare spending in 1992 and in 2010. The 1992 correla-
tions range from �0.047 (SNF) to 0.786 (IP), while the 2010 correlations
range from 0.236 (DM) to 0.853 (IP). The relationship between total spend-
ing and each setting strengthened over the study period for all settings
except OP, which moved from a rank correlation of 0.308 to a weaker cor-
relation of 0.238.

Table 2 shows regional stability in Medicare spending for each setting
using two metrics. First, Table 2 shows the HRR-level rank correlation
within each setting between spending in 1992 and spending in 2010. This
relationship is weakest for DM (with a rank correlation of 0.039) and strong-
est for OP spending (rank correlation of 0.662). Second, Table 2 shows the
percent of HRRs ranked in the highest spending (top) quintile in 1992 that
were also in the highest spending quintile in 2010. By this metric, HS has the
lowest stability for high-use HRRs (21 percent of HRRs in the top quintile in
1992 were also in the top quintile in 2010), but OP again has the highest
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stability (66 percent of HRRs in the top quintile in 1992 were also in the top
quintile in 2010).

Table 3 presents beta convergence, which determines whether regions
that are high cost in 1992 are likely to have lower growth rates than regions
that are low cost in 1992 (Panopoulou and Pantelidis 2012). To measure beta

Table 1: HRR-Level Correlation with Total Medicare Spending by Setting

IP OP PB HH HS SNF DM

Rank correlation with total Medicare
spending in 1992

0.786 0.308 0.270 0.535 0.027 �0.047 0.055

Rank correlation with total Medicare
spending in 2010

0.853 0.238 0.315 0.736 0.452 0.473 0.235

Table 2: HRR-Level Stability in Regional Spending by Setting

Total
Spending IP OP PB HH HS SNF DM

Rank correlation
within setting
between 1992 and
2010 spending

0.629 0.635 0.662 0.582 0.637 0.181 0.207 0.039

Percent of HRRs in
top quintile in 1992
that stayed in top
quintile in 2010

58% 60% 66% 55% 55% 21% 37% 26%

Table 3: HRR-Level Evidence of Beta Convergence by Setting

Total
Spending IP OP PB HH HS SNF DM

Pearson’s
correlation
between
spending
levels in 1992
and growth
rate from 1992
to 2010

�0.260 �0.352 �0.475 �0.383 �0.204 �0.628 �0.811 �0.780
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convergence, this report calculates the correlation between initial spending
levels and growth rates between 1992 and 2010. The Pearson correlation
between an HRR’s total spending levels in 1992 and its growth rate from 1992
to 2010 is �0.260. The Pearson correlations in individual settings range from
�0.204 (HH) to�0.780 (DM).

Figure 1 graphically displays sigma convergence using the coefficient
of variation (CV), which examines whether the cross-sectional distribution
shrinks over time. The CV is the standard deviation of HRR-level spending
divided by the mean of HRR-level spending. The variation in regional
spending has been decreasing slightly overall, hinting at moderate levels of
sigma convergence. Figure 1 presents the CV of HRR-level spending in
each year from 1992 to 2010 and shows that the CV of total Medicare
spending increased slightly from 1992 to 1996 but remained fairly steady
from 1997 to 2010. The CVs of inpatient hospital spending, outpatient hos-
pital spending, and physician/carrier spending follow similar patterns and
generally trend downward. These results are similar using the ratio of the
90th percentile of HRR-level utilization to the 10th percentile of HRR-level
utilization, or the percent difference between the highest-spending quintile
and the lowest-spending quintile as a measure of variation instead. Figure 2
shows the CVs for home health, hospice, durable medical equipment, and
skilled nursing facility spending, using a different axis scale than Figure 1 to
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Figure 1: Trends in the Coefficient of Variation in HRR-Level Total,
Inpatient, Outpatient, and Physician/Carrier Spending

Source: Authors’ analysis of 100 percentMedicare fee-for-service claims data, 1992–2010.
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highlight trends. Figure 2 shows that the CV in these settings has fluctuated
markedly over time, with all settings except home health generally decreas-
ing during this period.

DISCUSSION

High-Use Regions Are NowMore Likely to Be High Use across Settings

Regions with high total Medicare spending in 1992 are likely to be high use in
different settings than regions that are high use in total Medicare spending in
2010. Table 1 shows that, in 1992, high total Medicare spending regions were
most likely also to be high use in inpatient hospital spending and in home
health spending (rank correlations of 0.786 and 0.535, respectively); this asso-
ciation was further strengthened by the end of the study period, in 2010 (rank
correlations of 0.853 and 0.736, respectively). However, though regions with
high total Medicare spending did not tend to be high use in hospice or skilled
nursing facility spending in 1992 (rank correlations of 0.027 and �0.047,
respectively), high-use regions were more likely to be high use in hospice or
skilled nursing facility spending in 2010 (rank correlations of 0.452 and 0.473,
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Figure 2: Trends in the Coefficient of Variation in HRR-Level Total, Home
Health, Hospice, Durable Medical Equipment, and Skilled Nursing Facility
Spending

Source: Authors’ analysis of 100 percentMedicare fee-for-service claims data, 1992–2010.
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respectively). This trend suggests that high-use regions tend to be more high
use across service areas over time.

Regions That Are High Use Tend to Remain So over Time, Particularly in Certain
Settings

Regions with high levels of total Medicare spending tend to remain high use
over time. The correlation between HRR-level utilization rank in 1992 and
2010 is strong (0.629), mirroring previous findings of long-term stability in
Medicare spending (Cutler and Sheiner 1999).4 Furthermore, regions with
high levels of Medicare spending in a given setting may also be more likely to
remain high use in that setting over time. Table 2 shows the correlation
between HRR-level utilization ranks in 1992 and 2010 by Medicare setting.
Regional stability in the inpatient hospital, outpatient hospital, or home health
settings (with rank correlations of 0.635, 0.662, and 0.637, respectively) is
higher than regional stability in total spending. Regions that were high use in
the hospice, skilled nursing facility, and durable medical equipment settings
were less likely to remain high use in that setting over time (0.181, 0.207, and
0.039, respectively).

The stability of the HRR quintiles is also fairly high; over 39 percent of
regions remained in the exact same quintile for total Medicare spending in 2010
as in 1992. Furthermore, 58 percent of HRRs that ranked in the highest total
Medicare spending quintile in 1992 also fell into the highest spending quintile
in 2010. Table 2 shows that high-cost regional stability is strongest during this
period in the outpatient hospital setting; over 66 percent of HRRs that ranked
in the highest spending quintile of outpatient hospital spending in 1992 also
fell into the highest spending quintile of outpatient hospital spending in 2010.
Regional stability is also strong in inpatient hospital spending (60 percent),
physician/carrier spending (55 percent), and home health spending (55 per-
cent). Though the results are not shown, fewer than 2 percent of HRRs in the
highest total Medicare spending quintile in 1992 moved to the lowest total
Medicare spending quintile by 2010. There was considerable movement in
hospice spending; over 14 percent of HRRs in the highest hospice spending
quintile in 1992 moved to the lowest hospice spending quintile by 2010. Nota-
bly, not a single HRR in the top quintile of inpatient hospital spending, outpa-
tient hospital spending, or home health spending in 1992 fell to the bottom
quintile of spending in that setting by 2010.

In fact, most HRRs showed little movement in their relative HRR rank
from 1992 to 2010. Of the five highest spending HRRs in 2010, looking back

1582 HSR: Health Services Research 50:5 (October 2015)



to 1992, most were always well above the national average. Miami, FL, for
example, remained in the top 10 most expensive HRRs every year between
2000 and 2010, and maintained the single highest resource use every year
between 2004 and 2010. This negligible change in rank is not unique to
Miami. The Monroe, LA; Baton Rouge, LA; and Alexandria, LA, HRRs all
remained in the top 10 most expensive HRRs every year between 1992 and
2010. The low-cost HRRs were stable as well; Honolulu, HI, had the single
lowest adjusted resource use every year between 1992 and 2010, while Santa
Cruz, CA, and Santa Barbara, CA, remained in the 10 lowest spending HRRs
each year from 2001 to 2010.

While most individual HRRs showed little movement in rank from
1992 to 2010, one region stood out with a remarkable change in relative
spending levels: McAllen, TX.McAllenmoved from the 11th lowest spending
HRR in 1992 to the 5th highest spending HRR in 2010—a change of 290
ranks. McAllen’s dramatic change is largely due to its increase in home health
spending; in 1992, McAllen was the 33rd lowest spending HRR in home
health spending, but, by 2010, McAllen was the 2nd highest spending HRR in
home health spending. McAllen’s relative spending rank on inpatient hospi-
tal, outpatient hospital, hospice care, and skilled nursing care actually fell over
this time period.

Regional Spending Is Converging Slightly

Total spending appears to be converging slightly. The Pearson correlation
between an HRR’s total spending levels in 1992 and its growth rate from
1992 to 2010 (beta convergence) is �0.260, indicating that regions that are
high cost in 1992 tend to have lower growth rates over that time period
than regions that are low cost in 1992, mirroring previous findings (Cher-
new et al. 2010). Similarly, the coefficient of variation for total spending
(sigma convergence) appears to increase slightly from 1992 to 1996, but it
remains steady from 1997 to 2010. These findings suggest that regional
spending levels are regressing toward the mean and the variation in spend-
ing is decreasing. In other words, regions that are high cost in total Medi-
care spending are not becoming much more high cost relative to other
regions.

There is mixed evidence of convergence in the individual settings.
Regions that were high cost in skilled nursing facility or hospice spending
tended to be much more likely to have lower growth rates (with correlations
between 1992 spending and growth rates from 1992 to 2010 of �0.811 and
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�0.628, respectively) and to see a decrease in their coefficient of variation,
suggesting that regions that were high cost in these settings in 1992 are not
becoming more high cost relative to other regions.5

Indeed, home health is the only setting that has a weaker relationship
than total spending has between spending levels in 1992 and growth from
1992 to 2010, though the relationship is still negative (correlation of �0.204),
suggesting slight beta convergence. The CVof home health spending trended
upward from 1992 to 1997 and 2001 to 2009, suggesting an increase in regio-
nal variation in home health spending.

Regional Trends in Geographic Variation Are Dominated by National Trends

Although there is substantial regional variation in Medicare spending and
trends vary across settings, national trends have a much stronger effect on per-
beneficiary spending levels than trends in regional variation. Figures 1 and 2
show that Medicare spending levels grew rapidly from 1992 to 1997, fell shar-
ply in 1998 and 1999, and began a pattern of moderate growth from 2000
onward. The sudden decline in spending in 1998 and 1999 is due in part to the
implementation of the Medicare Balanced Budget Act (BBA) of 1997, which
reduced Medicare payments for many services, especially home health care,
and restrained the update factors for payment (Crippen 1999). Congress
enacted the Medicare Balanced Budget Refinement Act (BBRA) of 1999 to
offset the larger-than-expected gains in Medicare savings, which contributed
to slight but positive spending growth in 2000 (Lewin Group and the Ameri-
can Hospital Association 2000). Though not shown here, these national trends
in spending levels are mirrored in both high-use and low-use regions. Regions
that were low cost in 1992 and regions that were high cost in 1992 experienced
increased spending from 1992 to 1997, followed by a sharp decline in 1998
due to the BBA and a moderate increase in spending after the BBRA and
onward.

CONCLUSION

Using 100 percent of Medicare Parts A and B fee-for-service claims data from
1992 to 2010, this study reaches three principal conclusions with respect to
regional variation in Medicare spending growth rates. First, drivers of Medi-
care spending have changed over time. High inpatient hospital and home
health spending have always been associated with high total Medicare spend-
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ing, but high spending on hospice care and skilled nursing facility care has
become increasingly associated with high total Medicare spending from 1992
to 2010. Second, relative spending levels are persistent over time. An HRR
deemed high cost in 1992 is likely to be high cost in 2010. This finding is true
both for total Medicare spending as well as for spending in home health, inpa-
tient hospital, and outpatient hospital spending. Third, there is some evidence
of regression to the mean for total Medicare spending, and more for spending
on certain types of postacute care (hospice and skilled nursing facility). Over-
all, the cross-sectional distribution of regional spending decreased over this
time period in all settings except for home health.

Because regional variation in Medicare spending for certain service
types is large in magnitude and persistent over time, policy makers have
an opportunity to reduce Medicare spending if they could reduce spending
in high-cost areas. In fact, a number of researchers have proposed imple-
menting policies to reduce Medicare resource utilization in areas with the
highest per-capita spending (Skinner and Wennberg 2000; Orszag 2008).
Previous research indicates that if all metropolitan statistical areas (MSAs)
in the United States had Medicare spending equal to the MSA with costs
in the 10th percentile of the spending distribution, Medicare could save
approximately 30 percent of costs (Cutler and Sheiner 1999). The Dart-
mouth Atlas investigators estimate that the United States could save 40 per-
cent of the resources spent on chronic illness if all regions adopted the
practice patterns of high-quality, low-cost regions (Wennberg 2010). How-
ever, our findings suggest that targeting specific settings may be more
effective at reducing costs than targeting entire geographic regions. Effec-
tive cost reduction policies may aim to target settings with consistent or
increasing associations with total spending, high levels of regional stability
in spending, and/or a lack of regression-to-mean spending.

Although we control for regional differences in Medicare reimburse-
ment and case mix, a number of other factors outside Medicare’s control
could also be driving spending levels. These factors include provider cul-
ture (e.g., provider preference for invasive procedures), consumer culture
(e.g., patient preference for different types of treatment), market conditions
(e.g., supply of nonprofits in the area or provider competition), productivity
spillovers, and many other factors (Chandra and Staiger 2007). To address
these issues, future work should consider specific mechanisms through
which Medicare could reduce regional variation in Medicare spending, par-
ticularly in certain settings. For example, existing studies have examined
options such as fraud detection, increasing Medicare’s use of prior authori-
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zation, and more rapid review of local coverage decisions (Foote et al.
2008). Other studies have considered delivery-system reforms, payment
reforms (such as episodes of care), and promarket strategies (Chernew et al.
2010). In summary, the persistence of high-cost Medicare spending regions
for certain service types offers an opportunity to target policies to reduce
spending in these service areas; determining the specific policies to achieve
this goal, however, is a task that we leave for future work.
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NOTES

1. This study was also repeated including prescription drug costs for beneficiaries who
were continuously enrolled in Medicare Part A, B, and D from 2006 to 2010. The
results of the analysis including Part D are broadly similar as those presented here.
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2. More details of our price-standardization methodology can be found in the growth
analysis report presented to the Institute of Medicine, located here: http://www.io-
m.edu/Reports/2013/~/media/Files/Report%20Files/2013/Geographic-Variation/
Sub-Contractor/Acumen-Growth.pdf

3. We performed sensitivity analyses on the risk-adjustment specifications in the report
presented to the Institute of Medicine using analysis of 2007 through 2009 data,
located here: http://www.iom.edu/Reports/2013/~/media/Files/Report%20Files/
2013/Geographic-Variation/Sub-Contractor/Acumen-Medicare-Medicaid.pdf

4. Cutler and Sheiner use metropolitan statistical areas (MSAs) and find that the corre-
lation between MSA-level spending in 1970 and 1997 is 0.387, and the correlation
between 1982 and 1997 is 0.713. MSAs and HRRs do not correspond exactly but
match fairly closely.

5. Four HRRs with negative average risk-adjusted hospice spending were removed
from the hospice calculations.
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